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COMMONWEALTH of VIRCjINIA 
DEPARTMENT O F  ENVIRONMENTAL QUALITY 
Street address: 629 East Main Street, Richmond, Virginia 23219 

W. Tayloe Murphy, Jr. lMailing uddress; P.O. Box 10009, Richmond, Virginia 23240 
Secretary of  Natural Resources Fax (804) 698-4500 TDD (804) 698-402 1 

www.deq.state.va.us 
May 29,2002 

Mr. James McKenna 
Radford Army Ammunition Plant 
SIORF-SE-EQ 
P.O. Box 2 
Radford, VA 24141-0099 

RE: Final Facility-Wide Background Study Report (Report) 

rC4 
Dear Mr. McKenna: 

This office has reviewed the referenced final document and concurs with 
the Report. No revisions to the document are required. 

If you have any questions, please call me at 804.698.4308. 

Mark S. ~ e e # e r  
Remedial Project Manager 

Robert G. Bumley 
Director 

cc: Norman L. Auldridge - WCRO, DEQ 
Durwood Willis - DEQ 

--e Robert Thompson, Region 111, U.S.EPA, 3HS13 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Ill 

1650 Arch Street 
Philadelphia, Pennsylvania 19103-2029 

Date: February 14, 2002 

In reply 
Refer to 3HS13 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

Commander, 
Radford Army Ammunition Plant 
Attn: SIORF-SE-EQ (Jim McKenna) 
P.O. B o x  2 
Radford, VA 24141-0099 

C.A. Jake 
Environmental Manager 
Alliant Techsystems, Inc. 
Radford Army Ammunition Plant 
P.O. B o x  1 
Radford, VA 24141-0100 

.- 

Re: Radford Army Ammunition Plant 
F a c i l  i t y - W i d e  B a c k g r o u n d  S t u d y  R e p o r t  
Document submittal and review 

Dear Mr. McKenna and Ms. Jake: 

The U. S. Environmental Protection Agency (EPA) has reviewed 
the Army's December, 2001 F a c i l i t y - W i d e  B a c k g r o u n d  S t u d y  R e p o r t  
for use at the Radford Army Ammunition Plant (RFAAP) and the New 
River Ammunition Storage Depot (NRASD). Based upon our review, 
the F a c i l i t y - W i d e  B a c k g r o u n d  S t u d y  R e p o r t  is approved. In 
accordance with Part 11. (E) (5) of RFAAP's Corrective Action 
Permit, the F a c i l i t y - W i d e  B a c k g r o u n d  S t u d y  R e p o r t  is now final. 
EPA expects that future site-specific Work  P l a n s  and R e p o r t s  for 
the investigation of areas at the RFAAP and NRASD will reference 
the final F a c i l i t y - W i d e  B a c k g r o u n d  S t u d y  R e p o r t .  

Celebrating 25 Years of Environmental Progress 



If you h a v e  a n y  q u e s t i o n s ,  p l e a s e  c a l l  m e  a t  215-814-3357.  

R o b e r t  Thorrlson, PE 
F e d e r a l  F a c i l i t i e s  B r a n c h  

c c :  R u s s e l l  F i s h ,  EPA 
L e s l i e  Romanchik ,  VDEQ-RCRA 
S h a r o n  Wi l cox ,  VDEQ-CERCLA 
Mark L e e p e r ,  VDEQ-CERCLA 

Celebrating 25 Years of Environmental Progress 



COMMONWEALTH of VHRSINIA 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

January 29,2002 

Mr. James McKenna 
Radford Army Ammunition Plant 
SIORF-SE-EQ 
P.O. Box 2 
Radford, VA 24141-0099 

RE: Final Facility-Wide Background Study Report (Report) 

Dear Mr. McKenna: 

s 
This office has reviewed the referenced final document and concurs with 

the Report. No revisions to the document are required. 

If you have any questions, please call me at 804.698.4308. 

Mark S. Leeper 
Remedial Project Manager 

cc: Norman L. Auldridge - WCRO, DEQ 
Durwood Willis - DEQ 
Robert Thompson, Region 111, U.S.EPA, 3HS13 



McKenna, Jim 

nrrom : msleeper@deq.state.va.us 
!nt: Monday, January 28, 2002 12:25 PM 

a : McKenna, Jim 
Cc: dhwillis@deq.state.va.us 
Subject: ... no subject ... 

Hey J i m ,  

S o r r y  I c o u l d n ' t  make t h e  RAB. Someday soon I hope.  I would l i k e  t o  
k i l l  
two b i r d s  w i t h  t h i s  e m a i l .  

F i r s t ,  i n  r e g a r d s  t o  t h e  J a n u a r y  1 7 t h  2002 c o n f e r e n c e  c a l l  r e g a r d i n g  WPA 
009, 
w e  d i s c u s s e d  a l l  t h e  a r e a s  i n  which I had concerns  and t h r o u g h  t h e  c a l l  
t h i s  
o f f i c e  c o n c u r s  w i t h  WPA 009 and no r e v i s i o n s  a r e  needed.  

Second ly ,  t h e  F i n a l  F a c i l i t y  Wide Background S tudy  Repor t  ( S t u d y ) ,  d a t e d  

December 2001, h a s  been reviewed and t h i s  o f f i c e  concurs  w i t h  t h e  S tudy  
and 
no r e v i s i o n s  a r e  needed.  

Hard copy l e t t e r s  w i l l  f o l l o w  s h o r t l y  documenting t h e  c o n c u r r e n c e  f o r  
b o t h  

A o c u m e n t s .  

anks ,  

Mark S .  Leeper  
F e d e r a l  F a c i l i t i e s  Program 
Remedial  P r o j e c t  Manager 
VA Department o f  Environmental  Q u a l i t y  
phone: 804.698.4308 f a x :  804.698.4383 



McKenna, Jim 
.c-... 

rm : 
nt: 

To : 
Cc: 

Subject: 

Thomson.Bob@epamail.epa.gov 
Wednesday, January 09, 2002 11 :58 AM 
Jim-McKenna@atk.com 
Jerome-Redder@atk.com; msleeper@deq.state.va.us; sswilcox@deq.state.va.us; 
dhwillis@deq.state.va.us 
Radford documents 

Based upon the Army's draft revised Site Screening Process document 
submittal on 10/26/01, the draft revised document is acceptable to EPA. 
Therefore, at this time the Region requests that a formal final version 
be submitted to EPA and VaDEQ for approval. The tinal version should 
include a cover page. EPA requires 3 copies of the final document. 

With respect to the Background Report, EPA has received the final 
December, 200 1 version of the Background Report. The final Report is 
being circulated for tox review to insure that all comments were 
addressed. EPA expects to have an approval letter out the second week in 
February, barring any unforeseen problems with the Report ( I  do not 
anticipate any). 

Rob Thomson 



ATK AL LIAmT TECHSYSTEMS LJ 
Radford Army Ammunition Plant 
Route 114, P.O. Box 1 
Radford, VA 24141 
USA 

December 20,200 1 

Mr. Robert Thomson 
U. S. Environmental Protection Agency 
Region I11 
1650 Arch Street 
Philadelphia, PA 19 103-2029 

Subject: Facility-Wide background Study Report 
Final Document December 200 1 
Radford Army Ammunition Plant 
EPA ID# VA1 2 10020730 

Dear Mr. Thomson: 

Enclosed are three certified copies of the subject report. We are submitting this as a final report. 

- This report has been revised to address draft EPA March 2001comments and Virginia Department 
of Quality (VDEQ) September 10, 2001 comments. Responses to these comments are attached. 
Please note the VDEQ September 10, 2001 comments overcame the VDEQ April 2, 2001 
comments as well as  the minutes of the meeting held July 17,2001. Responses to the VDEQ April 
2, 200 1 comments and the minutes of the July 17,200 1 meeting are also attached for completeness 
of the record. 

Please coordinate with and provide any questions or comments to myself at (540) 639-8266, Jerry 
Redder of my staff (540) 639-7536 or Jim McKenna, ACO StafT(540) 639-8641. 

C. A. ~ake,@nvironmental Manager 
Alliant Ammunition and Powder Company LLC 

Enclosure 

c : w/enclosure 
Mark Leeper, DEQ Central 
Sharon Wilcox, DEQ-Central 
E. A. Lohrnan, DEQ-WCRO 

W/O enclosure 
Russell Fish, P.E., EPA Region In 

0 1-8 15-222 
JJRedder 



-1 .oncerning the following: 

Facility- Wide Background Study Report 
Radford Army Ammunition Plan 

December 2001 

I certifL under penalty of law that this document and all attachments were prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly gather and evaluate 
the information submitted. Based on my inquiry of the person or persons who manage the system, or those persons 
directly responsible for gathering the information, the information submitted is, to the best of my knowledge and 
belief, true, accurate, and complete. I am aware that there are significant penalties for submitting false information, 
including the possibility of fines and imprisonment for knowing violations. 

SIGNATURE: -/c'/@ 
PRINTED NAME: Brian A. Butler 
TITLE: LTC, CM, Commanding 

Radford AAP 

SIGNATURE: 
PRINTED NAME: 
TITLE: Vice president Operations 

Alliant Ammunition and Powder Company LLC 

0 1-8 1 5-222 
JJRedder 



Response to Draft Comments from USEPA Region I11 
Dated March, 2001 

Draft Facility-Wide Background Study Report 
Radford Army Ammunition Plant 

1. Comment: Section 2.4, Field Sampling, Page 2-2: This section does not contain 
a subsection discussing field observations and air monitoring (PID) readings. 
Please revise this section to include a discussion of significant field observations - 

and air monitoring readings obtained during the sampling events. 
Response: Section 2.4 was revised to include a discussion of field observations 
and air monitoring data. Please see the third paragraph of Section 2.4.1 on page 
2-12. 

2.  Section 4.1.1, Analytical Methodology, page 4-1: The third paragraph states that 
PID screening was used to monitor organic compounds and relocate borings as 
necessary. Section 2, Background Sampling, did not contain a discussion of field 
activities or air monitoring readings. Please revise the text to indicate what levels 
detected on the PID would have necessitated a relocation of the boring and which, 
if any, boring location(s) were relocated as a result of PID readings. 
Response: Section 4.1.1 was revised to evaluate the revised Sec.2 (Comment #1) 
and clarify whether borings were relocated and why. Please see the third 
paragraph of Section 4.1.1 on page 4- 1. 

3. Section 4.1.1, Analytical Methodology, page 4-1: The second paragraph of 4.1.1 
states that "Results demonstrated that selected locations did not exhibit explosive 
contamination or were not impacted by previous facility operations associated 
with releases." If this is true, then any location on either facility having non- 
detect for explosives would be non-impacted by DoD operations regardless of 
other TCL or TAL findings at these future sampling locations. Please amend this 
sentence to read "Results indicated that selected locations did not exhibit 
explosive contamination or were not impacted by previous facility operations 
associated with releases." 
Response: Sentence was revised as proposed. Please see the second paragraph 

of Section 4.1.1 on page 4- 1. 

4. Section 4.1.2, Data Validation and Qualifiers, pages 4-1 and 4-9: The 
discussions of this section are focused upon target analyte list (TAL) metals, and 
omit TCL considerations. Since samples were analyzed for TCL VOC and 
SVOC, their data quality evaluation criteria should be included within this 
section. Please revise the text to include a discussion of the VOC and SVOC data 
validation and qualifiers. 
Response: Section 4.1.2 was revised to include a discussion of VOC and SVOC 
data validation including qualifiers. The qualifiers are defined in Section 4.1.2 on 
page 4- 1. The validation criteria are described for metals (Section 4.1.2.1 on page 
4-l), VOCs (Section 4.1.2.2 on page 4-9), and SVOCs (Section 4.1.2.3 on page 4- 
10). 



Section 4.2, Statistical Approach, pages 4-10 through 4-20: This section details 
the statistical methodology utilized for this background study. Table 4-8, 
Statistical Test, describes the equations utilized for the necessary calculations; and 
Tables 4-9, Surface Soil Statistical Summary and 4-10 Subsurface Soil Statistical 
Summary, describe the results of the individual statistical tests conducted. The 
actual calculations and variables utilized are not provided in the report for 
verification. Please include an additional table or appendix which details the 
individual calculations conducted in this section. 
Response: The output for each of the statistical analyses is provided in Appendix 
G. 

6. Section 4.3, Confidence Limits, pages 4-20 through 4-24: This section details 
the statistical methodology utilized to calculate the 95% upper confidence limit 
(UCL) for the combined data sets. Table 4-8, Statistical Tests, describes the 
equations utilized for the necessary calculations and Tables 4-1 1, Occurrence and 
Distribution of Chemicals Combined Surface Soil (MMA and NRU) and 4-12 
Occurrence and Distribution of Chemicals Combined Subsurface Soil (MMA and 
NRU), describe the results of the individual statistical tests conducted. The actual 
calculations and variables utilized are not provided in the report for verification. 
Please include an additional table or appendix which details the individual 
calculations conducted in this section. 
Response: The output for the 95% UCL calculations is provided in Appendix G. 

7. Section 4.1.3, Data Grouping, page 4-20: The last paragraph of this section 
states that the coefficient of variation (CV) was used to evaluate the data 
variability for element distribution across soil type, with elements having CVs of 
less than one being grouped together, and elements with CVs greater than one 
further evaluated to address the causes of variability. This step is not depicted in 
Figures 4-1 and 4-2. Please include this step in the appropriate figures, and 
elaborate on the use of CVs and the resulting groups formed based on the 
outcome of these calculations. 
Response: Text was added to explain that CVs were used to identify chemicals 
that exhibited high variability (i.e., the CV was greater than 1) for further 
evaluation. (Please see fourth paragraph of Section 4.1.3 on page 4- 1 1). After 
further review, the flow chart (Figure 4-1) was not expanded to include the CV 
because this value was not used in the screening or decision-making process. Due 
to subsequent discussions with the USEPA and VaDEQ regarding the data groups 
for the background study, it was agreed that the background data sets (surface and 
subsurface soil, MMA and NRU soil) would be combined. Therefore, none of the 
data groups resulted from the evaluation of CV values. 

8. Table 4-11, Occurrence and Distribution of Chemicals Combined Surface 
Soil (MMA and NRU), page 4-22: This table lists the 95% UCL in surface soils 
for the combined data sets (MMA and NRU). As it may be necessary in the 
future to view each area independently, the table should include the individual 
area calculations in addition to the combined 95% UCL calculation. Please revise 



the table to include the individual area (MMA and NRU) 95% UCL calculations 
in addition to the combined 95% UCL calculation. 
Response: Table was revised to include MMA and NRU 95% UCL numbers as 
well as the combined 95% UCL. The values for the individual areas are shown in 
Tables 4- 13 and 4- 14 on pages 30 and 3 1. 

9. Table 4-12, Occurrence and Distribution of Chemicals Combined Subsurface 
Soil (MMA and NRU), page 4-22: This table lists the 95% UCL in subsurface 
soils for the combined data sets (MMA and NRU). As it may be necessary in the 
future to view each area independently, the table should include the individual 
area calculations in addition to the combined 95% UCL calculation. Please revise 
the table to include the individual area (MMA and NRU) 95% UCL calculations 
in addition to the combined 95% UCL calculation. 
Response: Table was revised to include MMA and NRU 95% UCL numbers as 
well as the combined 95% UCL. The values for the individual areas are shown in 
Tables 4-15 and 4- 16 on pages 32 and 33. 

10. Section 5.1, Background Sample Locations, page 5-1: This section reads that 
"Additionally, semivolatile and volatile organic compounds were evaluated as 
secondary markers to substantiate the selection of true background locations. 
Analytical results demonstrated that organic contaminants had not impacted the 
selected locations, indicating that sample locations represented background 
conditions." The organic results were not provided in this report. Please revise 
the report to include the organic results obtained or delete those two sentences 
from the report. 
Response: Organic results are provided in Appendix B. 

Section 5.1, Background Sample Locations, page 5-1: This section reads that 
"Explosive results were negative, proving background sampling locations had not 
been impacted by RFAAP operations." If this is true, then any location on the 
Site having non-detect for explosives would be non-impacted by RFAAP 
operations regardless of other TCL or TAL findings at these future sampling 
locations. Please amend this sentence to read "Explosive results were negative, 
indicating background sampling locations had not been impacted by RFAAP 
operations." 
Response: The sentence was revised as suggested. Please see Section 5.1 on 
page 5-1. 

12. Section 5: The 95 % UCL was used as a point estimate of the background data. 
However, when we compare on-site contamination at RFI sites to background, we 
need to answer two questions: ( I )  Are there any hot spots on-site? (2) Is the 
average concentration on-site the same or higher than the average concentration 
of background? Given the data in the draft Background Report, we should be able 
to answer these questions for RFI type sites using hypothesis testing. Therefore, 
EPA is requesting that, for RFI sites, the Army propose a methodology (jes) in the 
draft revised Backgrourzd Report for accomplishing this end. 



Response: The 95% UCL was included in the report as a general point of 
reference, at the request of the Installation, for site prioritization purposes. At the 
time the Background Workplan was developed there was intent for point-to-point 
comparisons. As described in the Background Study Workplan, the intent was to 
use hypothesis testing for RFI sites. Such hypothesis testing would include tests 
for similarities in shape and location between the site and background data sets. 
Depending on these initial tests other tests (e.g., t-test or Mann-Whitney U, or 
Kolmogorov-Smirnov) would be used to assess whether there is a difference 
between the means. Likewise, statistical procedures also would be used for 
assessing outliers. 

Although not contemplated during the development of the Site-Screening Process 
for Site Screening Areas (SSA), the 95% UCLs could be used for point-to-point 
comparisons. However, using the 95% UCL as a single point comparison or 
background is very likely to result in classifying many chemicals as greater than 
background when they are not. This is due to the fact that the 95% UCL is an 
estimate of the mean, which would likely result in misclassification as much as 50 
percent of the time. Therefore, the A m y  suggests that a 95% upper tolerance 
limit (95% UTL) approach be included in the Background Study report and used 
for point-to-point con~parisons in the SSP. 

The following discussion further explains the Army's position regarding UTL 
versus UCL: 

Three Vpes of statistical intervals are often constructed fronz environmental data: 
Confidence, Tolerance and Prediction. They are mathematically similar, but have very 
dzfferent purposes: 

A Co~zfidence hzterval contains a specified populatio~z parameter (generally the nzealz) 
with a specified level of corzjidence (USEPA, 1989). " It ofem little information about the 
highest or most extreme sample concerztrations one is likely to observe over time" 
(USEPA, 1989). For these reasons, Conjidence Liinits are generally constructed on 

Purpose 
To compare a coinpliance data set to a 
known standard (i.e., USEPA, 1989; 1992). 

To define a concentration range from 
background data, within which a large 
proportion of coinpliance data should fall 
with high probability (i.e., USEPA, 1989; 
1992). 
To define a concentration range from 
background duta, within which the next K 
compliailce values should fall with high 
probability (i.e., USEPA, 1989; 1992). 

Appropriate Use 
Comparison 
Within A Single 
Population. 

Comparison of 
Similar But 
Distinct 
Populations. 

Interval Type 
Confidence Interval: 

Tolerance Interval: 

Prediction Interval: 



compliance data, not on background data. The liinits for complialzce data can then be 
coinpared to LZ known standard (e.g., RBCs, MCLs, GWPSs) to assess i f  the mean value of 
the compliance data nzight be .stati.sticall-\~ above the standard (c8. VDEQ, 1998; 2000). 

I fa statistically robust data set, and thus good infonnation about the populatiolz mean, is 
available (implying a tightly constrained confidence interval and low UCL), then a large 
portiorl of the population of individual values used to construct the UCL will actually be 
above the UCL. Therefore, an exceedance of the UCL by an individual sample result in a 
separate colnpliance population is ?lot indicative of the site being above background. 

The appropriate Interval to be constructed on background data for comparison to 
individual compliance points is a Tolerance Interval (USEPA, 1989; 1992). The UTL 
approach compares individual compliance point sample values to individual values in the 
background population, e.g. the 95th percentile of the population. If the compliance 
population is within bnckground, we expect no more than 5% individual values to be 
above the 95th percentile of the background population. Tolerance intervals are robust 
for nornzally distributed data. For lognormal data sets, lognormal tolerance intervals 
can be constructed; however, caution must be used to discern spurious results. In the 
event that a data set is lognorr?zally distributed and the results of a lognormal tolerance 
interval calculation appear erroneous (based on a UTL that is an outlier as contpared to 
the krzo\tn spread of the background data set), one should use a prediction interval 
approach on the lognormal data. 

As a result of subsequent discussions with USEPA and Virginia Department of 
Quality (VaDEQ), it was agreed that the point estimates for background soil 
would be calculated as 95% UTL values and based on a single data set consisting 
of surface and subsurface soil data for the MMA and NRU areas (VaDEQ 
comments dated September 10, 2001). The rationale for using the 95% UTLs as 
point estimates for constituents from the combined data sets is described in 
Section 4.5 on page 4-29 and Section 5.2 on page 5-1. The calculated 95% UTLs 
are presented in Table 5-1 on page 5-2. 

Hot spots need to be defined by two parameters: aerial extent and concentration. 
The size of a hot spot is best examined through adequate sampling design. The 
concentration that defines a hot spot can be addressed through a risk-based 
comparison or through a background-based comparison. Both of the extent and 
the concentration parameters require proper sampling plan development. The 
number of samples at the SSAs is unlikely to be adequate for statistical hot-spot 
evaluation. Hot-spots are best addressed with purposeful sampling at suspected 
release points for the SSP. The hot-spot issue at RFI sites will be addressed 
during the development of the RFI Work Plans. This approach was explained in 
Section 4.5 on page 4-28 and Section 5-2 on page 5-1. 

13. Section 5: Please include language in Section 5 stating that the Facility-Wide 
inorganic point estimates for surface soil "background" and subsurface soil 
"background" can be used in the evaluation of Site-Screening Areas. 



Response: The suggested language was added to Section 5.2 on page 5-1. 

14. Appendix A, Drilling Log MMAUI: This drilling log does not show PID 
screening readings. Please clarify why readings were omitted on this boring or 
revise the log to indicate the PID readings obtained. 
Response: Log in Appendix A was revised to indicate PID readings. 

15. Appendix B, Data Validation Reports: This appendix does not contain the VOC 
and SVOC data validation and sumnary sheets. Please revise this appendix to 
include the VOC and SVOC data validation package and sample summary sheets. 
Response: Appendix B was revised to include VOC and SVOC data validation 
data and sample summary sheets. 

References: 

United States Environmental Protection Agency, 1989, Statistical Analysis of Groundwater Monitoring 
Data at RCRA Facilities: Interim Final Guidance: Office of Solid Waste, Waste Management Division: 
EPA 1570-SW-89-026. 

United States Environmental Protection Agency, 1992, Statistical Analysis of Groundwater Monitoring 
Data at RCRA Facilities: Addendum to Interim Final Guidance: Office of Solid Waste, Waste Management 
Division. 

Virginia Department of Environmental Quality, 1998, Data Analysis Plan for Solid Waste Facilities: Office 
of Technical Services: Memorandum to Solid Waste Facilities/Consultants from Charlotte Carroll and 
Sanjay 'Thirunagari., June 15, 1998. 

Virginia Dcpartlnent of Environmental Quality, 2000, Data Analysis Guidelines for Solid Waste Facilities 
Operating in Virginia: Office of Waste Programs, Technical Support: Revised November 14,2000. 



Response to Comments from VDEQ (September 10,2001) 
Draft Facility-Wide Background Study Report 

Radford Army Ammunition Plant 

General: Comments from VDEQ dated April 2,2001 were superseded by comments from 
September 10,2001. These comments from VDEQ are considered to be Final and have been 
reconciled with USEPA Region III. 

Comment: Having reviewed the revised surface soil and subsurface soil data, the statistical 
analysis of that data, including the soil type groupings and the 95% Upper Tolerance Limits, and 
having compared it with much of the currently existing site data, additional consideration was given 
to the practical application of this background data to the site screening process. Each potentially 
contaminated site at the facility is located in an area where excavation of surface soils has occurred 
at some point in the facility operations; therefore, the technical rationale behind a statistical 
comparison of surface soil, natural area, background data to subsurface soil, excavated area, site 
data is questioned. 

Given the conditions of mixed surface and subsurface soils at the potentially contaminated sites, it is - 
recommended that the background data for both surface and subsurface soils be combined for each 
element to determine the 95% UTL to be used in conjunction with the USEPA Region III RBCs for 
human health risk screening, and with various ecological screening data for ecological screening 
purposes. This will not only simplify the screening process, but will add power to the statistical 
comparison and prevent the unnecessary, and costly, carrying forward of naturally occurring 
elements into the full-fledged risk assessment process. 

This recommendation has been made following consultation with Mr. Robert Thomson, USEPA 
Region III. 

Response: The rationale for combining background soil data sets and calculating 95% UTLs as 
point estimates for background soil is described in Section 4.5 on page 4-29 and Section 5.2 on page 
5-1. The 95% UTL values are provided in Table 5-1 on page 5-2. 



Response to Comments from VDEQ (April 2,2001) 
Draft Facility- Wide Background Study Report 

Radford Army Ammunition Plant 

General: Following discussions with VDEQ and USEPA regarding the soil data groupings and the 
point estimates, these comments were superseded by comments from VDEQ dated September 10, 
2001. 

Comment: 
Based upon their statistical evaluation of the analytical data provided in the report, surface and 
subsurface soils should be evaluated separately. Within each stratum (surface and subsurface) data 
for each chemical constituent (aluminum, antimony, arsenic, etc.) can be grouped into either one or 
two groups by soil type (Braddock, Unison, Wheeling, etc.). 

The Department used the Tukey method' to conduct simultaneous comparison of the constituent 
mean concentrations, by chemical constituent, for the seven different soil types at a 95% confidence 
limit. The resulting groups observed for each surface soil chemical constituent are marked with a 
code 1 or 2. Surface soil types with code " 1" may be combined into one data set and those with 
code "2" may be combined into second data set for each chemical constituent. Data sets marked 
with an asterisk (*) contain outliers that should not be included in the data set for the background 
comparison. See Table 1 below. 

a m . .  

For example, the cobalt data for the Braddock Loam and Groseclose and Poplimento Silt Loam in 
the surface soil types can be combined into one statistical data set; and the cobalt data for the 
Unison-Urban Land Complex, Wheeling Sandy Loam, Cabro Silty Clay Loam, Lowell Silt Loam, 
and Wurno-Newberg-Faywood Silt Loam surface soil types can be combined into a second 
statistical data set. Statistical comparisons from future potentially contaminated sites would 
compare aluminum data from a surface soil sample in Braddock Loam to aluminum data from the 
Braddock Loam and Groseclose and Poplimento Silt Loam data set. 

I Robert V. Hogg and Johannes Ledolter, Applied Statistics for Engineers and Physical Scientists, - 
2"d ed. New York: Macmilllan Publishing Company, 1992 



I Table 1 Surface Soil Groupings 

Constituents Braddock Unison Wheeling Cabro Groseclose Lowell Wurno 
Aluminum 1 1 1 1 1 1 1 
Antimony 1 1 1 1 1 1 1 
Arsenic 1 2 1 I 1 1 1 
Barium 1 1 2 1 1 1 1 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Maganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 

- 
Similarly, subsurface soil has been marked with code lor 2. Soil types with code " 1 " may be 
combined as one background data set and those with code "2" may be combined as a second 
background data set for each constituent. 

Table 2 Subsurface Soil 

Constituents Braddock Unison Wheeling Cabro Groseclose Lowell Wurno 
Aluminum I 2 2 I 2 2 2 
Antimony 1 1 1 1 1 1 1 
Arsenic 1 1 1 1 1 1 1 
Barium 1 1 2 1 1 1 1 

The detection limits for some ofthe constituents varied between soil types. 

.,.-. 

Based on the above information, the facility may develop two background data sets for surface and 

Beryllium 1 1 1 1 1 1 1 
Cadmium 1 1 1 1 1 1 1 
Chromium 1 1 1 1 1 1 1 
Cobalt 1 2 2 2 2 2 2 
Copper 1 2 2 1 2 2 2 
Iron 1 1 1 1 1 1 1 
Lead 1 2 1 1 1 1 1 
Maganese 1 1 1 1 1 1 1 
Mercury I 1 1 1 1 1 1 
Nickel 1 2 2 2 2 2 2 
Selenium I 1 1 1 1 I 1 
Silver 1 1 1 1 1 I 1 
Thallium 1 1 1 1 1 1 1 
Vanadium 1 2 I 2 1 1 1 
Zinc 1 1 * 2 1 I 1 1 

Notes for tables 1 and 2 on prior page: 
* Indicates that soil type has outlier(s) 



subsurface soils. 

The facility must conduct an outlier test on grouped background data sets as part of the revisions to 
this document and prior to developing the statistical limits for comparing on-site against background 
levels. Outliers from the background data set are to be excluded prior to establishing the 95% 
upper confidence limit (UCL) on the mean of the background data. 

When performing statistical comparisons of the potentially contaminated area sample results to the 
background results, the facility may use a Student's t-test, provided the data sets follow normal 
distributions and other test specific assumptions (eg. variance). The facility also has the option to 
calculate the 95% upper confidence limit on background data (excluding outliers) and compare the 
individual on-site sample concentrations to the established UCL. 

Response: 
It is emphasized that the approach and methods used in the Background Study report had been 
accepted by both EPA Region III and VDEQ in the Workplan prior to its implementation. The 
Tukey method presented by VDEQ is no more valid a statistical approach than the methods 
employed per the Workplan. Further, during presentation of the Workplan, the possibility of certain 
elements not "passing" the 95% confidence interval was discussed. This possibility was not 

.C. considered to invalidate the data, rather that data would simply have to be evaluated within the 
appropriate context. It should be noted that the elements, identified by the Army, as failing the 
statistical tests were still relatively high in confidence interval albeit not 95%. Finally, these 
elements (aluminum, barium, iron, lead, vanadium, zinc) are rarely risk drivers in a risk assessment. 
A comparison of RBC values for these elements indicate that the calculated UCL is either below 

the residential RBC for that element or between the residential and industrial RBC values. 

The approach recommended in VDEQ's comments represents a significant change. The 
implementation of the Commonwealth of Virginia's approach would be difficult since there would 
have to be at least four different background data sets for each element. This would inevitably lead 
to data sets that would not be statistically significant. The selection of the background data set 
would also have to change based on the soil type and element. 

Another difficulty with the implementation of the Commonwealth's approach would occur when 
samples are collected that involve multiple soil types or where soil types are not clearly 
distinguishable. For example, which background data set would be used if the samples collected 
from the site are from multiple soil types and the background analysis indicated that there are 
differences between the data for some or all of the elements? 

The Army proposes the following course of action. Evaluation of outlier will proceed using an 
appropriate statistical method (eg., Box and Whisker diagram). P-values will be evaluated using 

. .  another statistical package to assess whether differences will result from the values already 
calculated. Finally, a meeting to discuss finalization of the Background Study report may prove to 
be more successful than multiple response and comment rounds. 



Memorandum 

To: Sharon Wilcox, Virginia Department of Environmental Quality 

Rob Thomson, Environmental Protection Agency 

From: Jim McKenna, Radford Army Ammunition Plant, RFAAP 

Jerry Redder, Alliant Ammunition and Powder Company, LLC 

Date: July 23, 2001 

Re: Summary of Minutes for July 17, 2001 Meeting at the Virginia Department of Environmental 
Quality (VDEQ) Concerning Background Studies at Radford Army Ammunition Plant 
(RFAAP) 

ATTENDEES: 
"L 

Jim McKenna, RFAAP Sharon Wilcox, VDEQ Cindy Hassan, IT Group 
Jerry Redder, AAPC Sanjay Thirunagari, VDEQ Rick Cole, URS Corp. 
John Tesner, USACE Hassan Kaceli, VDEQ 
Drew Rak, USACE Jeffrey Parks, IT Group 

TELECONFERENCE PARTICIPANTS: 

Rob Thomson, US EPA Bob Goodman, IT Group Alvaro Alvarado, US EPA 

NOTE TAKER: 

Rick Cole, URS Corp. 

SUMMARY OF MEETING MINUTES 

Jim McKenna began the meeting at 9: 15 with a brief history of the Background Study, providing 
an overview of the project to date, followed by introductions of the participants and their 
respective roles in the project. 

Sharon Wilcox asked why the Parson's background data from 1996 data was not incorporated. 
John Tesner indicated that there were issues that related to sample locations (i.e., some of the 
sample locations did not have coordinates) and collection that compromised the quality of the 

.* data; therefore, the Army withdrew this report with EPA consent. 
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After completion of project overview, John Tesner explained the meeting objective, which was 
to discuss the technical concerns of Virginia Department of Environmental Quality (VDEQ) 
relative to the method used by the Army to calculate inorganic background concentrations. 

John Tesner then asked Cindy Hassan to briefly outline of background study process and the 
statistical procedures used to develop the calculated background concentrations. Ms. Hassan 
then proceeded to describe the technical approach used by IT and acknowledge that there are 
other methods, such as the Tukey statistical method used by VDEQ, to arrive at similar results. 

Sari-jay Thirunagari asked Cindy Hassan if before she proceeded further into the explanation of 
the statistical approach to explain what the ultimate use of the background data would be. 
Sanjay Thirunagari discussed that VDEQ had grouped data by soil type, while IT had relied 
more heavily on the physical description and chemistry and had grouped the data sets as surface 
and subsurface). He commented that we can still make this data work so that a background data 
set can be achieved for use on the project. 

Cindy Hassan explained that there were three points to consider when looking at soil types and 
ultimate use of the data. The first point being that there was significant consideration given in 
the field to selection of samples by soil type, and data from the different sets had been combined 
by individual elemental comparisons across different soil types. The second point is that the 
Chemicals of Potential Concern (COPCs) will be selected by comparison to U.S. Environmental 
Protection Agency (USEPA) Region 111 risk based concentrations (RBCs). Those chemicals 
with detected concentrations less than the respective RBC will be dropped from further 
consideration as a COPC. Once COPCs are selected then the data will be compared to 
background levels. At that point, it will be appropriate to consider soil type and look at 
elemental composition of site samples relative to background comparison samples. The third 
point is that the existing background samples were selected from representative soil types to 
provide a data set that could be developed into a quick reference set of background comparison 
valucs. 

Cindy Hassan then went on to address VDEQ's first concern regarding combination of 
background data sets and explained that the soil characteristics were considered during the 
combination of different data sets among the similar soil types. This combination was based 
upon a physical and chemical properties of each soil type; similar soil types were grouped 
together. The study identified four soil groups in the New River Unit (NRU) and three major 
groups in the Main Manufacturing Unit (MMA). 

John Tesner and Jim McKenna commented that the soil types encountered were based on the 
selection of background locations that would be representative of areas that contained Solid 
Waste Management Units (SWMUs). 

Cindy Hassan explained that for each soil type a qualitative evaluation between soil types was 
performed in which the physical and chemical composition of each type was compared. The 
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conclusion of this evaluation was that the soil types were similar enough that data sets could be 
combined into one data set for the surface soil and one data set for the subsurface soil. 

Cindy Hassan then began a brief discussion of the outlier issues explaining that the data sets 
were reviewed for possible extraneous data values, but their analyses did not result in the 
rejection of data. Since these locations were specifically selected to represent background, there 
was a reluctance to eliminate a data point unless there was a Quality Control concern. IT'S 
review of the data did not reveal a justification to remove data points from the background 
population. Cindy Hassan then explained that the background data set was used to derive point 
estimate values using the 95 percent Upper Confidence Level (UCL) on the mean and 95 percent 
Upper Tolerance Level (UTL) approaches. Previous discussion and comments from EPA 
indicated that EPA had agreed to a preference to use the 95 percent UTL approach. 

Sanjay Thirunagari then expressed that it will be key for VDEQ to know how the background 
data will be used. After which the group can then look at methodology derivation of background 
estimates. 

Drew Rak then explained that the primary use would be as background comparison criteria for - use in the following: 

1. Site screening process (SSP) (95% UTL approach). 

2. Background comparison in RFI (mean-to-mean comparison e.g., t-test). 

The different soil types in the MMU and the NRU were being combined in order to achieve the 
power and confidence necessary for a meaningful means comparison. Drew Rak noted that the 
low number of samples per soil type in the VDEQ analysis would not allow for a meaningful 
mean-to-mean comparison. 

Drew Rak reviewed the flowchart for statistical evaluation as depicted in the meeting handout. 
He then explained that the previous 1996 soil data was used to estimate the number of sampling 
locations for this background study. The minimum relative detectable difference and coefficient 
of variation were used to predict the number of samples to collect. This approach and number of 
sample locations was discussed and agreed to by Dr. Lynn Flowers of EPA, as well as EPA's 
subsequent approval of Work Plan Addendum 10. Drew Rak then proceeded to describe the 
screen out of macronutrients. 

Drew Rak explained that elements with a low number of detections (greater than 80 percent 
below detection limit) were dropped from the statistical process. As a result, there were smaller, 
but focused data sets containing 14 elements for surface and 16 for subsurface. During the 
comparison between data sets, there was generally good agreement between NRU and MMA 

-r data and also between surface and subsurface data. The surface and subsurface data sets were 
kept separate due to separate pathways evaluations that are completed during risk assessment. 
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Hassan Kaceli explained that VDEQ is looking at the differences in the seven different soil types 
in the two areas; certain soil types could be combined then compared statistically. 

Sanjay Thirunagari referenced his previous question that the ultimate use of the data should be 
determined. For onsite detections, they should be below the 95 percent UTL. The mean of 
onsite data could be compared to the mean of background data set with an appropriate statistical 
test. He expressed concern that combination of soil types could mask differences between soil 
types. 

Sanjay Thirunagari indicated that he had no problem with 95 percent UTL, or mean-to-mean 
comparison if background data are normally distributed and random sampling was conducted. 
The 95 percent UTL approach should be used if a grid sampling approach is used. 

Rob Thomson/Alvaro Alvarado commented that USEPA has experience with many Federal 
facilities that have many AOCs; for areas with low risk it is difficult to prove there is no risk. It 
is important that we focus on sites where we have an obvious risk. 

John Tesner re-iterated that sites will be screened by a comparison with RBCs. Sharon Wilcox 
and Sanjay Thirunagari commented that values below the RBCs will not be a concern. 

Hassan Kaceli commented that the data NRU & MMA can be combined; any sample with the 
same soil type can be grouped by each element. Sanjay Thirunagari elaborated that, for example, 
the Unison soil type with similar elemental compositions could be combined in one background 
data set. For risk assessment, surface data would be combined to evaluate risk. Then samples 
within same soil type would be combined and the risk from each background soil type would be 
compared to the constituents contained in the site surface soil. 

Sharon Wilcox clarified the VDEQ proposed grouping of the different soil types by each element 
into two groupings for surface soil and two grouping for subsurface soil. She used the example 
of Subsurface Group 1 would contain soil types except Unison. Group 2 would contain the other 
soil types. Alvaro Alvarado indicated that VDEQ's approach made sense. John Tesner asked 
for additional clarification of the element by element basis, with each element having either one 
or two soil groups. There were several minutes of discussion relative to soil types and the low 
number of samples that may be available in a particular group, for example Arsenic, which could 
have a data set with only 4 data points. 

John Tesner pointed out that the statistical evaluation performed by the Army resulted in seven 
elements that did not pass the statistical evaluation. These seven elements are different than the 
seven elements VDEQ indicated are statistically different. John Tesner indicated that soil type 
comparison was done on a qualitative basis. Drew Rak pointed out that the VDEQ approach 
requires that the 95%UTL approach be used for derivation of background values. Sanjay 
Thirunagari questioned whether the UTL could be used with four data points. Alvaro Alvarado 
indicated that for arsenic in Unison Soil. the arsenic concentration is less than 10 ppm, and at 
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that concentration, this level will not drive a risk that will result in cleanup. Sanjay pointed out 
that it is a mute point (there was a general comment regarding 20 ppm); do not have to worry 
over arsenic risk. John Tesner emphasized the point that for many of the elements the derived 
background concentration is less than the RBC. 

Bob Goodnlan provided the following calculated background values (in milligrams per 
kilogram) using the Army combined data set and the VDEQ Groups 1 and 2. 

Small data set 

A1 
Ba 
Pb 

- Drew Rak commented that with small data sets; the approach will capture variability by using 
the 95 percent UTL to calculate background values. Sanjay Thirunagari commented that to use 
the 95 percent UTL approach the data set must have a normal distribution; otherwise, the 
maximum value will be used for a non-normal distribution. 

John Tesner commented that the SSP currently includes a surface and a sub-surface table of 
background point values that were derived using UTL calculations. Using the VDEQ approach 
including soil types for each element, what will those tables look like now? There is an 
expectation that comparison to these values will provide a decision point. Rob Thomson 
commented that background numbers that are too low will result in remediation of too many 
sites; if a higher number is selected; then too few are remediated. Sharon Wilcox indicated that 
the RBC would be the driving number. 

rmy 
ombined 
lata Set 
20 
67 
13 

There were several minutes of discussion as the group worked through two examples using 
aluminum and beryllium to illustrate the VDEQ methodology of looking at each element and 
whether it has a single soil group or two groups. If there is more than one group for the 
particular element, then the data set should be selected that matches the soil type of the 
environmental sample. Once the data set is selected (Group 1 or Group 2), then if the data set 
distribution is normal, then the 95 percent UTL calculated value will be used for background 
point comparison. If the Group 1 or 2 data set distribution is non-normal, then the maximum 
value of the background data set is used as point comparison value. Sanjay Thirunagari 
indicated that he was comfortable with the point to point comparison and use of the 95 percent - UTL; however, all site sample points must pass the comparison. There was general discussion 
that the Army will apply the VDEQ approach to the data sets and generate a new set of 
background numbers for comparison. Sanjay Thin~nagari indicates that if the numbers 

VDEQ 
Group 1 
16 
5 1 
11 

VDEQ 
Group 2 
2 3 
140 C- 

5 20 
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calculated by the VDEQ approach is similar to the numbers calculated by the Army, then VDEQ 
may accept the Army approach. 

Jim McKenna and John Tesner indicated that the Army would create a new background point- 
values table using the VDEQ approach and compare with existing Army background point 
values. If the values are close, then the group will proceed with finalization of the report using 
the current statistical approach utilized by the Army. Sharon Wilcox indicated that VDEQ will 
be satisfied with that approach if VDEQ values are close to the Army values. The Army will 
prepare the table and submit in a letter to VDEQ for review. 

Jim McKenna requested a discussion of the outliers in the letter to make sure that VDEQ 
outstanding comments are addressed. Cindy Hassan indicated that based on the box and whisker 
plots that were completed as part of the outlier evaluation, the outlier do not have a significant 
impact on the data. Alvaro Alvarado expressed caution in deleting a data point. Sharon Wilcox 
wants notification of outliers that are used as maximum values. Cindy Hassan indicated that 
typically outliers are discussed in the uncertainties section of the Risk Assessment. Sanjay 
Thirunagari indicated that if the outliers made a significant difference in the calculated 
background values, then resampling may be required. Jerry Redder recommended that in the 
new table, outliers that have a significant impact for resampling to be identified. Sharon Wilcox 
expressed that the number of samples should be added to the table. 

John Tesner then summarized saying that the Army would put a new table together, which would 
contain the background point values using the 95 percent UTL (for SSP and RFI application) and 
UCL (for informational) approaches f o ~  the \nil tvpcs L I ~  ilcfincd ~ I I  thc VADEO tl[~~Iy\es. This 
t:lblc upill alxo contain the s;u-ni~lc x i ~ c  that u(cc1 f(>r lf~c\c I'TL/I IC'L calculat~ons and the 
rrsident~al and industri'll KBC'\ POI- the co1n17oi1nd.s. This table * t t . d ~ w i l l  be distributed to 
the group. A time frame of Mid-August was suggested for the table completion and a conference 
call. The meeting adjourned at 12:45 p.m. 



McKenna. Jim 

,-9rn: 
nt: 

1 0 :  

Cc: 

Subject: 

McKenna, Jim 
Wednesday, October 10, 2001 11 :35 AM 
'sswilcox@deq.state.va.us'; McKenna, Jim 
'john e tesner'; 'rob thomson'; Redder, Jerome; dmharris@deq.state.va.us; 
dhwillis@deq.state.va.us; msleeper@deq.state.va.us 
RE: Background Study table 

All : 

Will revise table and background study report and send out shortly. Rob 
is this ok with you? 

----- Original Message----- 

From: sswilcox@deq.state.va.us [mailto:sswilcox@deq.state.va.us] 
Sent: Wednesday, October 10, 2001 11:40 AM 
To: Jim McKenna@ATK.COM 
Cc: 'john e tesner'; 'rob thomson'; Redder, Jerome; 
THOMSON.BOB@epamail.epa.gov; dmharris@deq.state.va.us; 
dhwillis@deq.state.va.us; msleeper@deq.state.va.us 
Subject: re: Background Study table 

The revised table is acceptable. I suggest, for ease of reading in the 
future, that the final column include the to-be-screened -against value 
S 0 

one isn't hunting back and forth between the two central columns. 
P 

iron Skutle Wilcox 
-medial Project Manager 

Department of Environmental Quality 
629 East Main Street, 4th Floor P.O. Box 10009 
Richmond, VA 23219 Richmond, VA 23240 
sswi lcox@deq.s ta te .va .us  
804-698-4143 phone 
804-698-4383 fax 
---------- Original Text ---------- 

From: "McKenna, Jim" <Jim - McKenna@ATK.COM>, on 10/10/2001 9:40 AM: 

Sharon, 

As I recall you were going to handle finishing up the background study 
report. Attached table has been revised per your 10 Sept 2001 letter. 
Sent 
this table out earlier with the 9/20-21/2001 conference call minutes but 
I 
don't think I cc'd you. In any case all that is needed is to review this 
table and if it is ok then we can revise the background study report and 
submit it as final. 

Let us know. 

Jim 

-<Final Combined UTL SUM.xls>> 



DRAFT Summary of Total Soil Data at Radford 

a Statistical Distribution: N = Normal distribution; L = Lognormal distribution; U = Undetermined distribution; 
NP = Nonparametric distribution for data sets with greater than 50% nondetects. 

b 95% Upper Tolerance Limit calculated for the indicated distribution. 
RBC = Region Ill risk-based concentration adjusted for a Hazard Quotient = 0.1 to account for potential cumulative 
effects (dated May 8, 2001). 

Note: Highlighted values are below the residential screening RBC. 

Upper Tolerance Limits (UTLs) 

n:\p\radford\data analysis\Final Combined UTL SUM.xls(UTL SUM) 

Chemical 
ALUMINUM 
ARSENIC 
BARIUM 

Residential 
Screening 

RBC ', mglkg 

7,800 
0.43 
550 

MMAINRU and SurfaceISubsurface Soil Data Industrial 
Screening 

RBC ', mglkg 

200,000 
3.8 --- 

14,000 
BERYLLIUM 

Background 
Basis 

95% UTL 
95% UTL 
RBC 

41 0 

Frequency of 
Detection 

79/79(100) 
76/79(96) 
63/79(80) 

RBC 

Statistical 
Distribution a 

L 
L 
L 

Range of 
data, mg/kg 

3,620 - 47,900 
1.2 - 35.9 
23.4 - 174 

95% UTL 
mglkg 
40,041 

15.8 

209 1 
40/79(51) U 0.61 - 5.4 1-02 I 16 



McKenna, Jim 

Cc : 

Subject: 

McKenna, Jim 
Friday, September 28, 2001 7:42 AM 
'rob thomson'; 'mark leeper' 
'john e tesner'; 'Andrew Rak'; 'Barnes, Kenneth G'; 'peter rissell'; 'Parks, Jeffrey N'; Redder, 
Jerome; Davie, Robert 
Sept 20-21 teleconference notes & background study numbers 

All: 

Please see the attached files for the subject as above (SAB). Note your action items. 

Status of Radford AAPIATK action items: Jerry has located the SWMU 76 UST papelwork and is sending under 
separate cover to Rob Thomson, Mark Leeper and John Tesner. I have contacted our command and we have rclooked 
at the Radford AAP situation and pesticide screening samples are in. We will propose 1 to 2 samples per site for 
screening purposes. That does it for Radford AAPIATK direct action items. Of course I will be working with Johii Tesner 
and Jeff Parks on their direct action items as well as scheduling, programming, budgeting, etc, etc. 

Thanks, 
Jim 

PS Rob, Mark: Also please look over the background numbers and provide comments or concurrence so we can get 
moving on finalizing the Background Study report. 

&W12SeptZO-21 ~nal Combined U T L  
mference ... SUM.xls 



MEETING MINUTES FOR RADFORD AAP 
WORK PLAN ADDENDUM 12 

20-2 1 SEPTEMBER 200 1 

Dav 1: 
20 September 2001 
Time: 1300-1 600 

Participants: 

USEPA, Region 111: Rob Thomson 
VDEQ: Mark Leeper, Sharon Wilcox 
RFAAP: Jim McKenna 
ATK: Jerry Redder 
USAEC: Pete Rissell 
OSC: Ken Barnes 
USACE, Baltimore District: John Tesner, Andrew Rak 
IT Group: Jeff Parks, Mark Thomas, Tim Leahy 

GENERAL ISSUES 

1. Pesticide sampling: 
Jim McKenna stated the Army's positions; that pesticides were not manufactured at 
RFAAP, that there has been no identified location were pesticides were regularly mixed or 
stored, and the Army's uncertainty regarding the end use of data especially as it relates to 
BTAG screening values. 

Rob Thomson of EPA stated that EPA wants sampling, but in a rational way. There 
would be no need to collect pesticide samples from former sampling locations nor is 100 
percent sampling required for all new sampling. Further, Mr. Thomson stated that EPA 
needs to be able to document that pesticide releases didn't occur in conjunction with other 
releases at a site. In addition, if a site were seeking a No Further Action (NFA) status 
then it would be incumbent upon EPA and VDEQ to be able to show that pesticides were 
not an issue at the site. Sharon Wilcox of VDEQ concurred with this assessment from 
EPA adding that she thought that the number of samples per site would vary based on site 
conditions (e.g., the presence of a single runoff area from a site may require only one 
sample) and/or site size. 

The Army and EPA agreed that pesticides receive analysis in laboratories when PCB's are 
being analyzed. This could possibly reduce the financial impact of adding pesticide 
sampling given that some sites will already be performing PCB sampling. 

The Army advanced the idea that Tentatively Identified Compound (TIC) analyses that has 
already been included in the Site Screening Process (SSP) document, would provide 
indication as to the presence or absence of pesticide compounds. EPA did not agree with 
this assertion stating that their opinion is that TIC analyses identifies classes of compounds 
not specific compounds. 



The discussion concluded with the Army agreeing to take this issue back to Command, 
but this may yet be an issue that requires Tier I1 involvement to resolve. The Army will 
continue to apprise the team as to the results of these discussions. 

2. COPC Residential/Industrial 
VDEQ stated that there is room to make risk management decisions on COPC's that fall 
between residential and industrial RBC's. This represents a clarification to their comments 
on WPA 12. 

In the ensuing conversation relative to the role of BTAG and BTAG screening values, 
Rob Thomson indicated that a pre-remedial site screening process was now available from 
BTAG. 

3. Groundwater 
In order to respond to VDEQ comments regarding the inclusion of groundwater data in 
WPA 12, Jim McKenna restated its intent for the study of groundwater at RFAAP. The 
goals of WPA 9 and the Current Conditions report were discussed. Also, the plans for an 
expanded investigation of groundwater to include the balance of the Main Manufacturing 
Area were reiterated. VDEQ concurred with this discussion stating that this was ". . . a 
good game plan." 

It was established that removing the label DNE (Does Not Exceed) from tables in the 
Current Conditions report will satisfy VDEQ comments. 

4. Air Pathway 
Both VDEQ and EPA stated that air sampling would not be required at this time. Air 
sampling would become necessary should a completed air pathway be established. VDEQ 
clarified their comment regarding the air pathway stating that they took exception with the 
assertion made in WPA 12 that air was not considered a complete pathway prior to the 
investigation. It was agreed that presumptive language relative to the completeness of risk 
pathways would be removed from the WPA. 

5. BTAG Issues 
The group quickly agreed on the need for another meeting that would include the BTAG 
in order to clarify their issues. It was also agreed that this meeting needed to occur 
ASAP. Drew Rak from USACE was tasked with contacting Bruce Pluta from EPA 
Region I11 BTAG to set up this meeting. 

6. Surface soil sampling depth, end use of data 
M e r  some discussion on this issue, the group agreed on the following regarding surface 
soil sampling at RFAAP: 

Future surface soil sampling, including that proposed in WPA's 9 and 12, would be 
defined as soil in the first six inches below the root mat. 
Sampling for VOC compounds (where proposed) would occur from the interval 
between 6 and 12 inches in realization that the volatile nature of VOC compounds 
makes their detection in the 0-6 inch interval unlikely. 



Previous surface soil sampling, that until now had been 0 to 2 feet at Radford AAP, is 
considered valid for evaluation of surface soil. Additional sampling from previous 
sampling locations is not required. 

SITE SPECIFIC ISSUES 

SWMU 39 
Based on review of the additional figures and tables provided to meeting attendee's in 
preparation for this conference, and explanation provided by the Army, EPA and VDEQ 
approved the proposed sampling locations and analyte suites. 

It was agreed that the vertical sampling profile would be adjusted to capture subsurface 
soil in the intervals from 1 to 3 feet and the interval from 3 to 5 feet in order to better 
capture intervals were COPC's may be present. This did not result in an addition of 
samples, rather it was an adjustment to proposed sampling depths. 

SWMU 48,49,50,59 
Upon discussion of VDEQ comments regarding inclusion of dioxidhran sampling, it was 
agreed that these analyte suites were not required for SWMU's 48 and 50. The attendee's 
agreed that dioxidhran analyte suites would be included at sites where burning activities 
had taken place; or where ash, burned material, or burn residue was suspected of being 
deposited. SWMU's 48 and 50 did not appear to meet this criteria. VDEQ requested and 
the attendee's agreed that they be given time to double check why the comment was made 
initially to ensure that there was no other rationale for the inclusion of dioxinslhrans. 

With regards to SWMU 48, the Army agreed that some additional sampling for explosives 
was justified. Additional characterization samples for explosives will be proposed by the 
Army. The use of immunoassay test kits for this purpose was discussed and approved by 
EPA and VDEQ. 

Additionally, at the request of VDEQ, proposed boring 49SB02 will be advanced to a 
depth of 17-1 9 feet in order to assess the interval where relatively high TPH detection's 
had previously occurred. This will be an additional sample at this location and will receive 
the same analytical analyses as other sample intervals proposed at this location. 
A discussion ensued as to the final disposition of SWMU 50 in light of the recent delisting 
of calcium sulfate sludge as a listed hazardous waste for explosive manufacture. 
Depending on analytical results (i.e., no COPC's), and review of Commonwealth 
regulations, no hrther action may be an appropriate remedy. 

Based on review of the additional figures and tables related to SWMU 59, and explanation 
provided by the Army, EPA and VDEQ approved the proposed sampling locations and 
analyte suites. 

SWMU 58 
The Army agreed with VDEQ that given the sites reported history, the inclusion of 
dioxidhran analyte suites was appropriate for SWMU 58. Otherwise, based on review of 
the additional figures and tables provided, and explanation provided by the Army, EPA 
and VDEQ approved the proposed sampling locations and analyte suites. 



It was agreed that the vertical sampling profile would be adjusted to capture subsurface 
soil in the intervals from 0-2', 2-4', and 4-6' below ground surface where it begins beneath 
the rubble pile that is the primary feature of SWMU 58. This will not result in additional 
samples, rather it is an adjustment to the previously proposed sampling depths. 

Dav 2: 
2 1 September 2001 
Time: 0900- 1200 

Participants: 

USEPA Region 111: Rob Thomson 
VDEQ: Mark Leeper 
RFAAP: Jim McKenna 
ATK: Jerry Redder 
USAEC: Pete Rissell 
USACE, Baltimore District: John Tesner, Andrew Rak 
IT Group: Jeff Parks, Mark Thomas, Tim Leahy 

GENERAL IS SUES 

1. ER, A Program Definitions (i.e., Active vs. Inactive sites) 
Jim McKenna provided definition of the program regarding the eligibility of SWMU's at 
Radford AAP. The Army's policy is that sites that were active beyond 17 October 1986 
are considered active, therefore, ineligible for ER, A fbnding. This includes SWMU 17. 
The Army understands that it has an obligation to investigate SWMU's as named in the 
Installation's RCRA permit (October 2000), and will continue to pursue actions at active 
sites via separate funding mechanisms, programs, and documentation. 

2. VDEQ review status 
Jim McKenna recommended that VDEQ contact USACE's hydrogeologist, Mr. Drew 
Clemens (61 7-480-7732) for Radford AAP as they perform their review of WPA 9. 
VDEQ stated that WPA 9 comments will be made available the first week of October. 

VDEQ agreed in the future to send out "draft" comments initially in order to allow the 
Army to address the issues more expeditiously and allow for the removal of comments 
when they become finalized. 

USEPA agreed to accept these meeting minutes as the Army's response to draft USEPA 
comments. 

The Army will submit formal responses to VDEQ's comments on WPA 12, since those 
comments were submitted as final. 

3. Project schedule 



The Army stated that adjusted project schedules will be provided for WPA 9 and 12 once 
WPA 9 comments are received/resolved and BTAG issue are resolved. At this time it is 
estimated that IT could be in the field in the NovemberDecember 2001 timeframe. 

4. Background Study 
Verified with EPA and VDEQ that the intent of the most recent comments from VDEQ 
was to have a single value for background that represented the 95% UTL calculated from 
a single combined data set. This was confirmed. IT will calculate these values and have 
them ready for distribution by COB 28 September. 

5. SSP Issues 
The group agreed that the remaining issues related to the SSP are to be resolved at the 
proposed BTAG meeting. 

SITE SPECIFIC ISSUES 
Former Lead Furnace Area (FLFA) 
Jerry Redder from ATK provided a description and status of the non-ER, A funded 
project currently being executed at SWMU 17. He also discussed the solid waste permit 
being pursued at SWMU 17 as requested by VDEQ. 

Based on review of the additional figures and tables provided for FLFA, and explanation 
provided by the Army, EPA and VDEQ tentatively approved the proposed sampling 
locations and analyte suites with the following issues pending resolution: 

The Army/ATK is to look for existing data/information regarding SWMU 76. 
Mark Leeper (VDEQ) will look into the Commonwealth's specific concerns at 
SWMU 17 that may relate to FLFA. 
The appropriate lead screening level may be an open issue relative to BTAG. This will 
need to be discussed a the upcoming BTAG meeting. 
The Army needs to screen the site data again versus recalculated background lead 
levels. 

Building 4343 
Based on review of the additional figures and tables provided for Building 4343, and 
explanation provided by the Army, EPA and VDEQ approved the proposed sampling 
locations and analyte suites. Also, cyanide will be added to the analyte list for this site 
based on its general use in metal finishing operations. 

The Army agreed to look at ways of moving forward more quickly with this site. The 
Army noted that the IAP workshop, scheduled for Spring 2002, will provide the best 
opportunity to discuss moving project phases and funding. 



New River 

build in^ Debris Dis~osal  Trench (BDDT) 
The Army addressed or received clarification regarding several of VDEQ's comments 
EPA believes that BTAG will want to discuss BDDT at the upcoming meeting. 

Based on review of the additional figures and tables provided for BDDT, and explanation 
provided by the Army, EPA and VDEQ approved the proposed sampling locations and 
analyte suites. The Army agreed to modifj, the figure presented to show the extent of rip- 
rap at BDDT. This rip-rap extends to Avenue A though this is not evident on the figure. 

Igniter Assembly Area (MA) 
Based on review of the additional figures and tables provided for IAA, the Army agreed to 
increase the number of samples collected as follows: 

Three additional subsurface soil samples will be collected and analyzed for TAL metals 
in the vicinity of IASBOS at a depth interval of 4-6 feet bgs (depth of elevated mercury 
detection). 
Three surface soil samples will be collected and analyzed in the vicinity of both SSI 1 
and SS-12 (six additional samples). 
One subsurface soil sample from the 2-4 foot interval will be collected in the vicinity of 
both SS-I 1 and SS-12 (two additional samples). 
TAL metals analyses will be included at the other proposed sampling locations 
contained in WPA 12 for IAA. 

Northern Burning Ground (NBG) 
Based on review of the additional figures and tables provided for NBG, and explanation 
provided by the Army, EPA and VDEQ approved the proposed sampling locations and 
analyte suites. 

Western Burning Ground (WBG) 
Based on review of the additional figures and tables provided for WBG, and explanation 
provided by the Army, EPA and VDEQ tentatively approved the proposed sampling 
locations and analyte suites pending the outcome of the forthcoming BTAG meeting. 
Drew Rak recommended that surface water data be compared to Ambient Water Quality 
Criteria instead of MCL's in preparation for the BTAG meeting. 

Rail Yard 
Based on review of the additional figures and tables provided for the Rail Yard, and 
explanation provided by the Army, EPA and VDEQ tentatively approved the proposed 
sampling locations and analyte suites pending verification of site drainage and topography 
in the southeast portion of the site in the area near the unnamed creek. 



DRAFT Summary of Total Soil Data at Radford 

a Statistical Distribution: N = Normal distribution; L = Lognormal distribution; U = Undetermined distribution; 
NP = Nonparametric distribution for data sets with greater than 50% nondetects. 

955% Upper Tolerance Limit calculated for the indicated distribution. 
RBC = Region Ill risk-based concentration adjusted for a Hazard Quotient = 0.1 to account for potential cumulative 
effects (dated May 8, 2001). 

Note: Highlighted values are below the residential screening RBC. 

n:'+':zdfoic'2~:~ aralysis\Flnal Combined UTL SUM.xls(UTL SUM) 



James S. Gilrnore, 111 
Governor 

COMMONWEALTH of VIRGINIA 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

Street address: 629 East Main Street, Richmond, Virginia 23219 
Mailing address: P.O. Box 10009, Richmond, ~ i r ~ i n i a  23240 

John Paul Woodley, Jr. Fax (804) 698-4500 TDD (804) 698-4021 
Secretary of Natural Resources http:l/www.deq.state.va.us 

September 10,200 1 

Mr. James McKema 
Radford Army Ammunition Plant 
SIORF-SE-EQ 
P.O. Box 2 
Radford, VA 24 14 1-0099 

RE: Facility Wide Background Study Report 
Main Manufacturing Area, Horseshoe Area, and New River Unit 
Surface & Subsurface Soils 
Radford Army Ammunition Plant 

Dennis H. Treacy 
Director 

Dear Mr. McKema: 

Having reviewed the revised surface soil and subsurface soil data, the statistical 
analysis of that data, including the soil type groupings and the 95% Upper Tolerance Limits, 
and having compared it with much of the currently existing site data, additional consideration 
was given to the practical application of this background data to the site screening process. 
Each potentially contaminated site at the facility is located in an area where excavation of 

,, surface soils has occurred at some point in the facility operations; therefore, the technical 
. ' c :  I . rationale behind a statistical comparison of surface soil, natural area, background data to 

surface soil, excavated area, site data is questioned. 

. ' .  < . .  r,. - I .  Given the conditions of mixed surface and subsurface soils at the potentially 
contaminated sites, it is recommended that the background data for both surface and 
subsurface soils be combined for each element to determine the 95% UTL to be used, in 
conjunction with the US EPA Region I11 RBCs for human health risk screening, and with 
various ecological screening data for ecological risk screening purposes. This will not only 
simplifl the screening process, but will add power to the statistical comparison and prevent 
the unnecessary, and costly, carrying forward of naturally occurring elements into the fill 
fledged risk assessment process. 

An Agency of the Natural Resources Secretariat 



Radford AAP 
September 10, 2001 
Page 2 of 2 

This recommendation has been made following consultation with Mr. Robert 
Thomson, US EPA Region 111. If you have any questions regarding this matter, please 
contact Mr. Mark Leeper at (804) 698-4308. 

Very truly, 

Sharon Skutle Wilcox 
Office Of Remediation Programs 

cc: Robert Thompson, Region 111, U. S.EPA 
J. J. Redder, Alliant Techsystems 
John Tesner, U. S. ACE, Baltimore District 
Sanjay Thirungari, VDEQ CO 
Garwin Eng, VDEQ, CO 
Durwood Willis, VDEQ, CO 
Mark Leeper, VDEQ, CO 
Elizabeth Lohrnan, VDEQ, WCRO 



F McKenna, Jim 

From: McKenna, Jim 
Sent: Wednesday, August 22,2001 7:00 AM 
To: sharon wilcox (E-mail); rob thomson (E-mail); Mark Leeper (E-mail) 
Cc: john e tesner (E-mail); Andrew Rak (E-mail); Redder, Jerome 
Subject: Background Study, Tables 

All: 

Attached file contains the table of concentrations for surface and subsurface soil per the 17 July 2001 meeting. 
From the 17 July meeting we agreed to hold a conference call to wrap up VDEQ's comments on the background 
study. Also attached the meeting minutes I sent out on 8/1/2001. Don't know what everyone's schedule is but I'd 
like to get this done this Friday or early next week. John Tesner will send out a separate email to coordinate this 
call. 

Thanks, 

Jim 

VDEQ Summary eeting minutes: 71 
Table.xls 17/2001 Radford ... 

Page 1 



DRAFT Summary of Background Surface Soil Data at Radford 

a 95% Upper Tolerance Limit (UTL) calculated for the indicated distribution. For sample sizes with 4 data points, the normal UTL was calculated. 
Upper Confidence Limit calculated for the indicated distribution 
ND = there were no detected samples for this chemical and the UCL was not calculated. 
RBC = Region Ill risk-based concentration adjusted for a Hazard Quotient = 0.1 to account for potential cumulative effects (dated May 8, 2001). 
Calculated UTL exceeds maximum value. 

Note: Highlighted values are below the residential screening RBC. 

Recommended Concentrations 
(1) Per VaDEQ comment letter of 2 April and meeting of 17 July, this element is to be considered as a single data group. 

The calculated UTL is recommended for the background concentration. 
(2) Calculated values are below the Residential Screening RBC. It was agreed during the meeting of 17 July that the residential RBC 

would be the appropriate background concentration. 
(3) The UTL for the combined data set falls between the UTLs for the Group 1 and Group 2 data sets. Arsenic is the only metal in this group. 

Therefore, it is recommended that a single value (calculated UTL from the combined data set) be used for the background concentration. 



DRAFT Summary of Background Subsurface Soil Data at Radford 

' 95% Upper Tolerance Limit calculated for the indicated distribution. 
95% Upper Confidence Limit calculated for the indicated distribution 
RBC = Region Ill risk-based concentration adjusted for a Hazard Quotient = 0.1 to account for potential cumulative effects (dated May 8, 2001). 
Calculated UTL exceeds maximum value. 

Note: Highlighted values are below the residential screening RBC. 

Recommended Concentrations 
](I) Per VaDEQ comment letter of 2 April and meeting of 17 July, this element is to be considered as a single data group. 1 

The calculated UTL is recommended for the background concentration. 
(2) Calculated values are below the Residential Screening RBC. It was agreed during the meeting of 17 July that the residential RBC 

would be the appropriate background concentration. 
(3) The UTL for the combined data set falls between the UTLs for the Group 1 and Group 2 data sets. Aluminum and vanadium are the only metals in this group. 

Therefore, it is recommended that a single value (calculated UTL from the combined data set) be used for the background concentration. 



- McKenna, Jim 
- 

From: McKenna, Jim 
Sent: Wednesday, August 01,2001 9:47 AM 
To: sharon wilcox (E-mail); rob thomson (E-mail); john e tesner (E-mail); Andrew Rak (E-mail); Parks 

Jeffrey N (E-mail); rick cole (E-mail); Redder, Jerome 
Subject: Meeting minutes: 7/17/2001 Radford AAP Facility Wide Background Study 

All: 

Subject meeting minutes attached. 

Jim 

July 17 2001 
eeting Minutesdoc 

Page 1 



Memorandum 

To: Sharon Wilcox, Virginia Department of Environmental Quality 

Rob Thomson, Environmental Protection Agency 

From: Jim McKenna, Radford Army Ammunition Plant, RFAAP 

Jerry Redder, Alliant Ammunition and Powder Company, LLC 

Date: July 23, 200 1 

Re: Summary of Minutes for July 17, 2001 Meeting at the Virginia Department of Environmental 
Quality (VDEQ) Concerning Background Studies at Radford Army Ammunition Plant 
(RFAAP) 

ATTENDEES: 
1. 

Jim McKenna, RFAAP Sharon Wilcox, VDEQ Cindy Hassan, IT Group 
Jerry Redder, AAPC Sanjay Thirunagari, VDEQ Rick Cole, URS Corp. 
John Tesner, US ACE Hassan Kaceli, VDEQ 
Drew Rak, USACE Jeffrey Parks, IT Group 

TELECONFERENCE PARTICIPANTS: 

Rob Thornson, US EPA Bob Goodman, IT Group Alvaro Alvarado, US EPA 

NOTE TAKER: 

Rick Cole, URS Corp. 

SUMMARY OF MEETING MINUTES 

Jim McKenna began the meeting at 9: 15 with a brief history of the Background Study, providing 
an overview of the project to date, followed by introductions of the participants and their 
respective roles in the project. 

Sharon Wilcox asked why the Parson's background data from 1996 data was not incorporated. 
John Tesner indicated that there were issues that related to sample locations (i.e., some of the - sample locations did not have coordinates) and collection that compromised the quality of the 
data; therefore, the Army withdrew this report with EPA consent. 
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After completion of project overview, John Tesner explained the meeting objective, which was 
to discuss the technical concerns of Virginia Department of Environmental Quality (VDEQ) 
relative to the method used by the Army to calculate inorganic background concentrations. 

John Tesner then asked Cindy Hassan to briefly outline of background study process and the 
statistical procedures used to develop the calculated background concentrations. Ms. Hassan 
then proceeded to describe the technical approach used by IT and acknowledge that there are 
other methods, such as the Tukey statistical method used by VDEQ, to arrive at similar results. 

Sanjay Thirunagari asked Cindy Hassan if before she proceeded hrther into the explanation of 
the statistical approach to explain what the ultimate use of the background data would be. 
Sanjay Thirunagari discussed that VDEQ had grouped data by soil type, while IT had relied 
more heavily on the physical description and chemistry and had grouped the data sets as surface 
and subsurface). He commented that we can still make this data work so that a background data 
set can be achieved for use on the project. 

Cindy Hassan explained that there were three points to consider when looking at soil types and 
ultimate use of the data. The first point being that there was significant consideration given in - the field to selection of samples by soil type, and data from the different sets had been combined 
by individual elemental comparisons across different soil types. The second point is that the 
Chemicals of Potential Concern (COPCs) will be selected by comparison to U.S. Environmental 
Protection Agency (USEPA) Region 111 risk based concentrations (RBCs). Those chemicals 
with detected concentrations less than the respective RBC will be dropped from hrther 
consideration as a COPC. Once COPCs are selected then the data will be compared to 
background levels. At that point, it will be appropriate to consider soil type and look at 
elemental composition of site samples relative to background comparison samples. The third 
point is that the existing background samples were selected from representative soil types to 
provide a data set that could be developed into a quick reference set of background comparison 
values. 

Cindy Hassan then went on to address VDEQ's first concern regarding combination of 
background data sets and explained that the soil characteristics were considered during the 
combination of different data sets among the similar soil types. This combination was based 
upon a physical and chemical properties of each soil type; similar soil types were grouped 
together. The study identified four soil groups in the New River Unit (NRU) and three major 
groups in the Main Manufacturing Unit (MMA). 

John Tesner and Jim McKenna commented that the soil types encountered were based on the 
selection of background locations that would be representative of areas that contained Solid 
Waste Management Units (SWMUs). ~- 
Cindy Hassan explained that for each soil type a qualitative evaluation between soil types was 
performed in which the physical and chemical composition of each type was compared. The 
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conclusion of this evaluation was that the soil types were similar enough that data sets could be 
combined into one data set for the surface soil and one data set for the subsurface soil. 

Cindy Hassan then began a brief discussion of the outlier issues explaining that the data sets 
were reviewed for possible extraneous data values, but their analyses did not result in the 
rejection of data. Since these locations were specifically selected to represent background, there 
was a reluctance to eliminate a data point unless there was a Quality Control concern. IT'S 
review of the data did not reveal a justification to remove data points from the background 
population. Cindy Hassan then explained that the background data set was used to derive point 
estimate values using the 95 percent Upper Confidence Level (UCL) on the mean and 95 percent 
Upper Tolerance Level (UTL) approaches. Previous discussion and comments fiom EPA 
indicated that EPA had agreed to a preference to use the 95 percent UTL approach. 

Sanjay Thirunagari then expressed that it will be key for VDEQ to know how the background 
data will be used. After which the group can then look at methodology derivation of background 
estimates. 

Drew Rak then explained that the primary use would be as background comparison criteria for 
C use in the following: 

1. Site screening process (SSP) (95% UTL approach). 

2. Background comparison in RFI (mean-to-mean comparison e.g., t-test). 

The different soil types in the MMU and the NRU were being combined in order to achieve the 
power and confidence necessary for a meaningful means comparison. Drew Rak noted that the 
low number of samples per soil type in the VDEQ analysis would not allow for a meaninghl 
mean-to-mean comparison. 

Drew Rak reviewed the flowchart for statistical evaluation as depicted in the meeting handout. 
He then explained that the previous 1996 soil data was used to estimate the number of sampling 
locations for this background study. The minimum relative detectable difference and coefficient 
of variation were used to predict the number of samples to collect. This approach and number of 
sample locations was discussed and agreed to by Dr. Lynn Flowers of EPA, as well as EPA's 
subsequent approval of Work Plan Addendum 10. Drew Rak then proceeded to describe the 
screen out of macronutrients. 

Drew Rak explained that elements with a low number of detections (greater than 80 percent 
below detection limit) were dropped from the statistical process. As a result, there were smaller, 
but focused data sets containing 14 elements for surface and 16 for subsurface. During the 
comparison between data sets, there was generally good agreement between NRU and MMA .- 
data and also between surface and subsurface data. The surface and subsurface data sets were 
kept separate due to separate pathways evaluations that are completed during risk assessment. 
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Hassan Kaceli explained that VDEQ is looking at the differences in the seven different soil types 
in the two areas; certain soil types could be combined then compared statistically. 

Sanjay Thirunagari referenced his previous question that the ultimate use of the data should be 
determined. For onsite detections, they should be below the 95 percent UTL. The mean of 
onsite data could be compared to the mean of background data set with an appropriate statistical 
test. He expressed concern that combination of soil types could mask differences between soil 
types. 

Sanjay Thirunagari indicated that he had no problem with 95 percent UTL, or mean-to-mean 
comparison if background data are normally distributed and random sampling was conducted 
The 95 percent UTL approach should be used if a grid sampling approach is used. 

Rob Thomson/Alvaro Alvarado commented that USEPA has experience with many Federal 
facilities that have many AOCs; for areas with low risk it is difficult to prove there is no risk. It 
is important that we focus on sites where we have an obvious risk. 

John Tesner re-iterated that sites will be screened by a comparison with RBCs. Sharon Wilcox - and Sanjay Thirunagari commented that values below the RBCs will not be a concern. 

Hassan Kaceli commented that the data NRU & MMA can be combined; any sample with the 
same soil type can be grouped by each element. Sanjay Thirunagari elaborated that, for example, 
the Unison soil type with similar elemental compositions could be combined in one background 
data set. For risk assessment, surface data would be combined to evaluate risk. Then samples 
within same soil type would be combined and the risk from each background soil type would be 
compared to the constituents contained in the site surface soil. 

Sharon Wilcox clarified the VDEQ proposed grouping of the different soil types by each element 
into two groupings for surface soil and two grouping for subsurface soil. She used the example 
of Subsurface Group 1 would contain soil types except Unison. Group 2 would contain the other 
soil types. Alvaro Alvarado indicated that VDEQ's approach made sense. John Tesner asked 
for additional clarification of the element by element basis, with each element having either one 
or two soil groups. There were several minutes of discussion relative to soil types and the low 
number of samples that may be available in a particular group, for example Arsenic, which could 
have a data set with only 4 data points. 

John Tesner pointed out that the statistical evaluation performed by the Army resulted in seven 
elements that did not pass the statistical evaluation. These seven elements are different than the 
seven elements VDEQ indicated are statistically different. John Tesner indicated that soil type 
comparison was done on a qualitative basis. Drew Rak pointed out that the VDEQ approach 

.-. requires that the 95%UTL approach be used for derivation of background values. Sanjay 
Thimnagari questioned whether the UTL could be used with four data points. Alvaro Alvarado 
indicated that for arsenic in Unison Soil, the arsenic concentration is less than 10 ppm, and at 
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that concentration, this level will not drive a risk that will result in cleanup. Sanjay pointed out 
that it is a mute point (there was a general comment regarding 20 ppm); do not have to worry 
over arsenic risk. John Tesner emphasized the point that for many of the elements the derived 
background concentration is less than the RBC. 

Bob Goodman provided the following calculated background values (in milligrams per 
kilogram) using the Army combined data set and the VDEQ Groups I and 2. 

A1 

C Drew Rak commented that with small data sets; the approach will capture variability by using 
the 95 percent UTL to calculate background values. Sanjay Thirunagari commented that to use 
the 95 percent UTL approach the data set must have a normal distribution; otherwise, the 
maximui.. . . - I . .  - -..:11 L - - - - -  3 r-- - --- ----- 1 ..l:-*-:I-..*:-- 

11 v a l u t :  WLII UG uscu LUI a IIUII - I IUI  11li-11 U15L1 IUULIUII .  

Ba 
Pb 

John Tesner commented that the SSP currently includes a surface and a sub-surface table of 
background point values that were derived using UTL calculations. Using the VDEQ approach 
including soil types for each element, what will those tables look like now? There is an 
expectation that comparison to these values will provide a decision point. Rob Thomson 
commented that background numbers that are too low will result in remediation of too many 
sites; if a higher number is selected, then too few are remediated. Sharon Wilcox indicated that 
the RBC would be the driving number. 

ata Set 
20 

There were several minutes of discussion as the group worked through two examples using 
aluminum and beryllium to illustrate the VDEQ methodology of looking at each element and 
whether it has a single soil group or two groups. If there is more than one group for the 
particular element, then the data set should be selected that matches the soil type of the 
environmental sample. Once the data set is selected (Group 1 or Group 2), then if the data set 
distribution is normal, then the 95 percent UTL calculated value will be used for background 
point comparison. If the Group 1 or 2 data set distribution is non-normal, then the maximum 
value of the background data set is used as point comparison value. Sanjay Thirunagari 
indicated that he was comfortable with the point to point comparison and use of the 95 percent - UTL; however, all site sample points must pass the comparison. There was general discussion 
that the Army will apply the VDEQ approach to the data sets and generate a new set of 
background numbers for comparison. Sanjay Thirunagari indicates that if the numbers 
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calculated by the VDEQ approach is similar to the numbers calculated by the Army, then VDEQ 
may accept the Army approach. 

Jim McKenna and John Tesner indicated that the Army would create a new background point- 
values table using the VDEQ approach and compare with existing Army background point 
values. If the values are close, then the group will proceed with finalization of the report using 
the current statistical approach utilized by the Army. Sharon Wilcox indicated that VDEQ will 
be satisfied with that approach if VDEQ values are close to the Army values. The Army will 
prepare the table and submit in a letter to VDEQ for review. 

Jim McKenna requested a discussion of the outliers in the letter to make sure that VDEQ 
outstanding comments are addressed. Cindy Hassan indicated that based on the box and whisker 
plots that were completed as part of the outlier evaluation, the outlier do not have a significant 
impact on the data. Alvaro Alvarado expressed caution in deleting a data point. Sharon Wilcox 
wants notification of outliers that are used as maximum values. Cindy Hassan indicated that 
typically outliers are discussed in the uncertainties section of the Risk Assessment. Sanjay 
Thirunagari indicated that if the outliers made a significant difference in the calculated 
background values, then resampling may be required. Jerry Redder recommended that in the 

.-. new table, outliers that have a significant impact for resampling to be identified. Sharon Wilcox 
expressed that the number of samples should be added to the table. 

John Tesner then summarized saying that the Army would put a new table together, which would 
contain the background point values using the 95 percent UTL (for SSP and RFI application) and 
UCL (for informational) approaches for the soil types as defined in the VADEQ analyses. This 
table will also contain the sample size that was used for these UTLtUCL calculations and the 
residential and industrial RBC's for the compounds. This table will be distributed to the group. 
A time frame of Mid-August was suggested for the table completion and a conference call. The 
meeting adjourned at 12:45 p.m. 



- McKenna, Jim ~ -- . ~- -- - --- 

From : McKenna, Jim 
Sent: Friday, May 04, 2001 9:59 AM 
To: 'rob thomson' 
Cc: Redder, Jerome; 'john e tesner' 
Subject: FW: Background Study Response to Comments 

Rob, 

Per my email about two weeks, I promised we would send our detailed response to the VADEQ's review 
comments on the Facility Wide Background Study Report. It is in the attached file below. Also we have 
provided a response to EPA's draft comments received via 4/16/2001 email and it is attached as separate file 
below. 

I have reviewed what John Tesner has prepared in these files and concur. I would re-iterate I do not like the 
direction VADEQ is taking and perhaps a Richmond, VA meeting would be in order. 

John, I'm officially off today and I don't have time to convert these files into WP so please follow up with Rob 
ASAPItoday to ensure that he has readablelworkable electronic files. 

Thanks, 
Jim 
---------- 

,, From: Tesner, John E NAB02[SMTP:John.E.Tesner@nab02.usace.army.mil] 
Sent: Thursday, May 03, 2001 549 PM 
To: Jim McKenna (E-mail) 
Subject: Background Study Response to Comments 

Jim- 
As discussed. Let me just say a couple things. After riding the fence a bit regarding level of detail, I made the 
decision to go with the format you see. I didn't think the other info provided by the others, could be explained or 
presented easily. That leads into why you'll see a suggestion for a meeting at the end of the VADEQ comments. 
At this point I recommend it. We could even do it in Richmond if its more palatable, but I think face to face will 
help. 

Also, if you find stupid spelling/grammatical errors, target me first. I was the author of the re-write, but had a lot 
of input from Drew, IT, and to some extent URS. 

JT 
<<Response to comments EPA.doo> <<Responoe to Comments VADEQ.doc>> 

Page 1 



Response to Draft Comments from USEPA Region I11 (transmitted via e-mail 16 April 
200 1) 

Draft Facility-Wide Background Study Report 
Radford Army Ammunition Plant 

General: Comments from USEPA are considered to be in Draft until VADEQ comments 
are reconciled and incorporated. 

I .  Comment: Section 2.4, Field Sampling, Page 2-2: This section does not contain 
a subsection discussing field observations and air monitoring (PID) readings. 
Please revise this section to include a discussion of significant field observations 
and air monitoring readings obtained during the sampling events. 
Response: Section 2.4 will be revised to include a discussion of field 
observations and air monitoring data. 

2 .  Section 4.1.1, Analytical Methodology, page 4-1: The third paragraph states that 
PID screening was used to monitor organic compounds and relocate borings as 
necessary. Section 2, Background Sampling, did not contain a discussion of field 
activities or air monitoring readings. Please revise the text to indicate what levels 
detected on the PID would have necessitated a relocation of the boring and which, 
if any, boring location(s) were relocated as a result of PID readings. 
Response: Section 4.1.1 will be revised to evaluate the revised Sec.2 (Comment 
#I) and clarify whether borings were relocated and why. 

3 .  Section 4.1.1, Analytical Methodology, page 4-1: The second paragraph of 4.1. l 
states that "Results demonstrated that selected locations did not exhibit explosive 
contamination or were not impacted by previous facility operations associated 
with releases." If this is true, then any location on either facility having non- 
detect for explosives would be non-impacted by DoD operations regardless of 
other TCL or TAL findings at these future sampling locations. Please amend this 
sentence to read "Results indicated that selected locations did not exhibit 
explosive contamination or were not impacted by previous facility operations 
associated with releases." 
Response: Sentence will be revised as proposed. 

4. Section 4.1.2, Data Validation and Qualifiers, pages 4-1 and 4-9: The 
discussions of this section are focused upon target analyte list (TAL) metals, and 
omit TCL considerations. Since samples were analyzed for TCL VOC and 
SVOC, their data quality evaluation criteria should be included within this 
section. Please revise the text to include a discussion of the VOC and SVOC data 
validation and qualifiers. 
Response: Section 4.1.2 will be revised to include a discussion of VOC and 
SVOC data validation including qualifiers. 

5 .  Section 4.2, Statistical Approach, pages 4-10 through 4-20: This section details 
the statistical methodology utilized for this background study. Table 4-8, 



Statistical Test, describes the equations utilized for the necessary calculations; and 
Tables 4-9, Surface Soil Statistical Summary and 4-10 Subsurface Soil Statistical 
Summary, describe the results of the individual statistical tests conducted. The 
actual calculations and variables utilized are not provided in the report for 
verification. Please include an additional table or appendix which details the 
individual calculations conducted in this section. 
Response: The output for each of the statistical analyses will be provided in an 
appendix. 

6. Section 4.3, Confidence Limits, pages 4-20 through 4-24: This section details 
the statistical methodology utilized to calculate the 95% upper confidence limit 
(UCL) for the combined data sets. Table 4-8, Statistical Tests, describes the 
equations utilized for the necessary calculations and Tables 4-1 1 ,  Occurrence and 
Distribution of Chemicals Combined Surface Soil (MMA and NRU) and 4-12 
Occurrence and Distribution of Chemicals Combined Subsurface Soil (MMA and 
NRU), describe the results of the individual statistical tests conducted. The actual 
calculations and variables utilized are not provided in the report for verification. 
Please include an additional table or appendix which details the individual 
calculations conducted in this section. 
Response: The output for the 95% UCL calculations will be provided in an 
appendix. 

Section 4.1.3, Data Grouping, page 4-20: The last paragraph of this section 
states that the coefficient of variation (CV) was used to evaluate the data 
variability for element distribution across soil type, with elements having CVs of 
less than one being grouped together, and elements with CVs greater than one 
hrther evaluated to address the causes of variability. This step is not depicted in 
Figures 4-1 and 4-2. Please include this step in the appropriate figures, and 
elaborate on the use of CVs and the resulting groups formed based on the 
outcome of these calculations. 
Response: The flow chart will be expanded and language will be added to the text 
to elaborate on the use of the CV in the decision-making process. 

8. Table 4-11, Occurrence and Distribution of Chemicals Combined Surface 
Soil (MMA and NRU), page 4-22: This table lists the 95% UCL in surface soils 
for the combined data sets (MMA and NRU). As it may be necessary in the 
hture to view each area independently, the table should include the individual 
area calculations in addition to the combined 95% UCL calculation. Please revise 
the table to include the individual area (MMA and NRU) 95% UCL calculations 
in addition to the combined 95% UCL calculation. 
Response: Table will be revised to include MMA and NRU 95% UCL numbers 
as well as the combined 95% UCL. 

9. Table 4-12, Occurrence and Distribution of Chemicals Combined Subsurface 
Soil (MMA and NRU), page 4-22: This table lists the 95% UCL in subsurface 
soils for the combined data sets (MMA and NRU). As it may be necessary in the 
hture to view each area independently, the table should include the individual 



area calculations in addition to the combined 95% UCL calculation. Please revise 
the table to include the individual area (MMA and NRU) 95% UCL calculations 
in addition to the combined 95% UCL calculation. 
Response: Table will be revised to include MMA and NRU 95% UCL numbers 
as well as the combined 95% UCL. 

10. Section 5.1, Background Sample Locations, page 5-1: This section reads that 
"Additionally, semivolatile and volatile organic compounds were evaluated as 
secondary markers to substantiate the selection of true background locations. 
Analytical results demonstrated that organic contaminants had not impacted the 
selected locations, indicating that sample locations represented background 
conditions." The organic results were not provided in this report. Please revise 
the report to include the organic results obtained or delete those two sentences 
from the report. 
Response: Organic results will be provided as an appendix. 

11. Section 5.1, Background Sample Locations, page 5-1: This section reads that 
"Explosive results were negative, proving background sampling locations had not 
been impacted by RFAAP operations." If this is true, then any location on the 
Site having non-detect for explosives would be non-impacted by RFAAP 
operations regardless of other TCL or TAL findings at these hture sampling 
locations. Please amend this sentence to read "Explosive results were negative, 
indicating background sampling locations had not been impacted by RFAAP 
operations." 
Response: The sentence will be revised as suggested. 

Section 5: The 95 % UCL was used as a point estimate of the background data. 
However, when we compare on-site contamination at RFI sites to background, we 
need to answer two questions: ( 1 )  Are there any hot spots on-site? (2) Is the 
average concentration on-site the same or higher than the average concentration 
of background? Given the data in the draft Background Report, we should be able 
to answer these questions for RFI type sites using hypothesis testing. Therefore, 
EPA is requesting that, for RFI sites, the Army propose a methodology (ies) in the 
draft revised Backgrormnd Report for accomplishing this end. 
Response: The 95% UCL was included in the report as a general point of 

reference, at the request of the Installation, for site prioritization purposes. At the 
time the Background Workplan was developed there was intent for point-to-point 
comparisons. As described in the Background Study Workplan, the intent was to 
use hypothesis testing for RFI sites. Such hypothesis testing would include tests 
for similarities in shape and location between the site and background data sets. 
Depending on these initial tests other tests (e.g., t-test or Mann-Whitney U, or 
Kolmogorov-Smirnov) would be used to assess whether there is a difference 
between the means. Likewise, statistical procedures also would be used for 
assessing outliers. 

Although not contemplated during the development of the Site-Screening Process 
for Site Screening Areas (SSA), the 95% UCLs could be used for point-to-point 



comparisons. However, using the 95% UCL as a single point comparison or 
background is very likely to result in classifLing many chemicals as greater than 
background when they are not. This is due to the fact that the 95% UCL is an 
estimate of the mean, which would likely result in misclassification as much as 50 
percent of the time. Therefore, the Army suggests that a 95% upper tolerance 
limit (95% UTL) approach be included in the Background Study report and used 
for point-to-point comparisons in the SSP. 

The following discussion hrther explains the Army's position regarding UTL 
versus UCL: 

7;Clree Qpes of statistical ititervals are ofterr corzstrzrcted from environmetital data: 
CTot?fidetice, Toleratice and Predictioti. They are mathematically .similar, but have very 
drfferetrt pzrrposes: 

Appropriate Use 
('ompar ison 
Withiri A Sitigle 

backgrotrnd data, withiri which a large 
proportiori qf compliarice data shozrld fall 
with high probabiliq (i.e., IJSEPA, 1989; 

Populatiori. 

Interval Type 
Clotlfidetice Ititerval: 

A C,'ot?fidetice ltiterval cotztarns a specified populatroti parameter (getierally the mean) 
wrth a .specrfied level of cotlfidence (UISEPA, 1989). " It offers little irlformatior? about the 
highest or most extreme sample concentrations otie is likely to observe over time" 
(tJISEPA, 1989). For these reasotis, Cotlfrdetice Limits are generally coristrzrcted oti 
compliarice data, riot oti background data. 7%e limits for compliarice data cat? therr be 
compared to a ki.?owti statidard (e.g., at1 RBCs, MCLs, GWPSs) to assess I f  the meari 
valzre of the compliance data might be statistically above the standard (cj, PDEQ, 1998; 
2000). 

Purpose 
To compare a compliatice data set to a 
h i o ~ ~ t i  standard (i. e., CJISEPA , 1989; 1992). 

Toleratice hiterval: 

Popi11~itioti.s. 

I fa  statistically robust data set, and thus good itlformation abozrt the population mean, is 
available (implyitlg a tightly cotistraitied confiderice ititerval atid low TJCL), then a large 
portiori of the pol~rrlatiori of iridividzral valzres irsed to cotistr~rct the UC'L will actually be 
above the UCL. Therefore, ati exceedatlee of the TJCL by an itidividrral sample reszrlt in a 
separate compliatice poptrlatioti is not itidicative of the site beitig above backgrotrnd. 

To defIrie a coricetitratioti range. from 

The appropriate Interval to be cotistrzrcted on backgrotrtid data for comparison to 
itidividrral compliatice porrlts is a Tolerance Itzterval (IJSEPA, 1989; 1992). The llTL 

Predictiori Irlterval: 
1992). 
To defitie a cot?cet~tratioti ratige from 
backgroirtld data, withit? which the next K 
compliatice va1zre.s .~hozrlg fall with high 
probability (i. e., TISEPA, 1989; 1992). 



approach compares rndividrral comj)liance point sample val~res to rr~dividrml valtres in the 
hackgor~nd popirlation, e.g  he 95th percentile qf the popzrlation. rf the compliance 
/>oprrlation is within hackgotmd we exj)ect no more than 5?/0 individtral valires to he 
ahove the 95th percentile of the backgorrndpoprrlatiot~. Tolerance intervals are robtrst 
for normally distribrrted data. For lognormal data ,sets, logriormal tolerance intervals 
can be constrzrcted; however, carrtion rnirst he used to discern sptrriotls re.su1t.s. In the 
event that a data set is logtlormnlly distrib~~ted and the reslrlts of a logrormal tolerance 
interval calczrlatiotr appear erroneous (based on a IJTI, that IS an olrtlrer as compared to 
the kr~otlln spread of the backgotrnd data sel), one shorrld use a prediction inlen?al 
rrl,)roach on the lognormal data. 

Hot spots need to be defined by two parameters: aerial extent and concentration. 
The size of a hot spot is best examined through adequate sampling design. The 
concentration that defines a hot spot can be addressed through a risk-based 
comparison or through a background-based comparison. Both of the extent and 
the concentration parameters require proper sampling plan development. The 
number of samples at the SSAs is unlikely to be adequate for statistical hot-spot 
evaluation. Hot-spots are best addressed with purposefbl sampling at suspected 
release points for the SSP. The hot-spot issue at RFI sites will be addressed 
during the development of the RFI Work Plans. 

13.  Section 5: Please include language in Section 5 stating that the Facility-Wide 
inorganic point estimates for surface soil "background and subsurface soil 
"background" can be used in the evaluation of Site-Screening Areas. 
Response: The suggested language will be added to Section 5. 

14. Appendix A, Drilling Log MMAU1: This drilling log does not show PTD 
screening readings. Please clarify why readings were omitted on this boring or 
revise the log to indicate the PID readings obtained. 
Response: Log will be revised to indicate PID readings. 

15. Appendix B, Data Validation Reports: This appendix does not contain the VOC 
and SVOC data validation and summary sheets. Please revise this appendix to 
include the VOC and SVOC data validation package and sample summary sheets. 
Response: Appendix B will be revised to include VOC and SVOC data validation 
data and sample summary sheets. 

References: 

United States Environmental Protection Agency. 1989. Statistical Analysis of Groundwater Monitoring 
Data at RCRA Facilities: Interim Final Guidance: Office of Solid Waste. Waste Management Division: 
EPA / 530-SW-89-026. 

United States Environmental Protection Agency. 1992. Statistical Analysis of Groundwater Monitoring 
-. Data at RCRA Facilities: Addendum to Interim Final Guidance: Office of Solid Waste. Waste Management 

Division. 



Virginia Department of Environmental Quality. 1'398. Data Analysis Plan for Solid Waste Facilities: Office 
of Technical Services: Memorandum to Solid Waste Facilities/Consultants from Charlotte Carroll and 
Sanjay Thirunagari.. June 15. 1998. 

Virginia Department of Environmental Quality. 2000. Data Analysis Guidelines for Solid Waste Facilities 
Operating in Virginia: Office of Waste Programs. Technical Support: Revised November 14. 2000. 



Response to Comments from VADEQ (April 2, 2001) 
Drafl Facility-Wide Background Study Report 

Radford Army Ammunition Plant 

General: Comments from VADEQ are considered to be Final and will need to be reconciled and 
incorporated with USEPA, Region 111 comments. 

Comment: 
Based upon their statistical evaluation of the analytical data provided in the report, surface and 
subsurface soils should be evaluated separately. Within each stratum (surface and subsurface) data 
for each chemical constituent (aluminum, antimony, arsenic, etc.) can be grouped into either one or 
two groups by soil type (Braddock, Unison, Wheeling, etc.). 

The Department used the Tukey method' to conduct simultaneous comparison of the constituent 
mean concentrations, by chemical constituent, for the seven different soil types at a 95% confidence 
limit. The resulting groups observed for each surface soil chemical constituent are marked with a 
code 1 or 2. Surface soil types with code "1" may be combined into one data set and those with 
code "2" may be combined into second data set for each chemical constituent. Data sets marked 
with an asterisk (*) contain outliers that should not be included in the data set for the background 
comparison. See Table 1 below. 

iCI For example, the cobalt data for the Braddock Loam and Groseclose and Poplimento Silt Loam in 
the surface soil types can be combined into one statistical data set; and the cobalt data for the 
Unison-Urban Land Complex, Wheeling Sandy Loam, Cabro Silty Clay Loam, Lowell Silt Loam, 
and Wurno-Newberg-Faywood Silt Loam surface soil types can be combined into a second statistical 
data set. Statistical comparisons from hture potentially contaminated sites would compare 
aluminum data from a surface soil sample in Braddock Loam to aluminum data from the Braddock 
Loam and Groseclose and Poplimento Silt Loam data set. 

1 Robert V. Hogg and Johannes Ledolter, Applied Statistics for Engineers and Physical Scientists, - 
2nd ed. New York: Macmilllan Publishing Company, 1992 



Table I Surface Soil Groupings 

Constituents 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmiuin 
Chromiunl 
Cobalt 
Copper 
boll 
Lead 
Maganese 
Mercury 
Nickel 
Selenium 
Silver 
Tllallium 
Vanadium 
Zinc 

Braddock 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 

1 * 
1 
I 
1 
1 
1 
1 

Unison 
1 
1 
2 
1 
1 
1 
1 
2 
I 
1 

1 * 
1 
1 
2 
1 
1 
1 
1 

1 * 

Wheeling 
1 
1 
1 
2 
2 
1 
1 
2 
1 

1 
1 
1 
I 
2 
1 
1 
1 
1 
2 

Cabro 
1 
1 
1 
1 
I 
1 
1 
2 
1 
I 
1 
1 
1 
2 
1 
1 
1 
1 
1 

Groseclose 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
2 
1 
1 
1 
1 
1 

Lowell 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 

Wurno 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 

dCI 

Similarly, subsurface soil has been marked with code lor 2. Soil types with code " 1 " may be 
combined as one background data set and those with code "2" may be combined as a second 
background data set for each constituent. 

Table 2 Subsurface Soil 

Constituents 
Aluniinu~n 
Antimony 
Arsenic 
Bariunl 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
L,end 
Maganese 
Mercliry 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 

Braddock 
I 
I 
1 
I 
1 
I 
I 
1 
1 
I 
I 
1 
I 
I 
I 
I 
I 
1 

I l nison 
2 
1 
1 
I 
I 
I 
1 
2 
2 
I 
2 
I 
I 
2 
1 
1 
I 
2 

Wheeling 
2 
1 
I 
2 
I 
I 
1 
2 
2 
I 
1 
I 
I 
2 
I 
1 
1 
I 

(; roseclose 
2 
1 
I 
I 
1 
I 
1 
2 
2 
I 
1 
I 
I 
2 
1 
I 
1 
I 

Wurno 
2 
I 
1 
I 
I 
I 
1 
2 
2 
1 
1 
I 
I 
2 
I 
I 
1 
I 

* Indicates that soil type has outlier(s) 
The detection limits for some of the constituents varied between soil types. 

----. 

Based on the above information, the facility may develop two background data sets for surface and 

Zinc I I * 2 1 I I 1 

Notes for tables 1 and 2 on prior page: 



subsurface soils 

The facility must conduct an outlier test on grouped background data sets as part of the revisions to 
this document and prior to developing the statistical limits for comparing on-site against background 
levels. Outliers from the background data set are to be excluded prior to establishing the 95% 
upper confidence limit (UCL) on the mean of the background data. 

When performing statistical comparisons of the potentially contaminated area sample results to the 
background results, the facility may use a Student's t-test, provided the data sets follow normal 
distributions and other test specific assumptions (eg. variance). The facility also has the option to 
calculate the 95% upper confidence limit on background data (excluding outliers) and compare the 
individual on-site sample concentrations to the established UCL. 

Response: 
It is emphasized that the approach and methods used in the Background Study report had been 
accepted by both EPA Region 111 and VADEQ in the Workplan prior to its implementation. The 
Tukey method presented by VADEQ is no more valid a statistical approach than the Mann-Whitney, 
Student-t, and Levene's methods employed per the Workplan. Further, during presentation of the 
Workplan, the possibility of certain elements not "passing" the 95% confidence interval was 

I- discussed. This possibility was not considered to invalidate the data, rather that data would simply 
have to be evaluated within the appropriate context. It should be noted that the elements, identified 
by the Army, as failing the statistical tests were still relatively high in confidence interval albeit not 
95%. Finally, these elements (aluminum, barium, iron, lead, vanadium, zinc) are rarely risk drivers in 
a risk assessment. A comparison of RBC values for these elements indicate that the calculated UCL 
is either below the residential RBC for that element or between the residential and industrial RBC 
values. 

The approach recommended in VADEQ's comments represents a significant change. The 
implementation of the Commonwealth of Virginia's approach would be difficult since there would 
have to be at least four different background data sets for each element. This would inevitably lead 
to data sets that would not be statistically significant. The selection of the background data set 
would also have to change based on the soil type and element. 

Another difficulty with the implementation of the Commonwealth's approach would occur when 
samples are collected that involve multiple soil types or where soil types are not clearly 
distinguishable. For example, which background data set would be used if the samples collected from 
the site are fi-om multiple soil types and the background analysis indicated that there are differences 
between the data for some or all of the elements? 

The Army proposes the following course of action. Evaluation of outlier will proceed using an 
, appropriate statistical method (eg., Box and Whisker diagram). P-values will be evaluated using 

another statistical package to assess whether differences will result from the values already 
calculated. Finally, a meeting to discuss finalization of the Background Study report may prove to 
be more successfbl than multiple response and comment rounds. 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION Ill 

1650 Arch Street 
Philadelphia, Pennsylvania 191 03-2029 

March xx, 2001 

In reply 
Refer to 3HS13 

CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

Commander, 
Radford Army Ammunition Plant 
Attn: SIORF-SE-EQ (Jim McKenna) 
P.O. Box 2 - Radford, VA 24 14 1-0099 

C.A. Jake 
Environmental Manager 
AUiant Techsysterns, Inc. 
Radford Army Ammunition Plant 
P.O. Box 1 
Radford, VA 24 14 1 -0 1 00 

Re: Radford Army Ammunition Plant 
Draft Report submittals and reviews 

Dear Mr. McKenna and Ms. Jake: 

The U.S. Environmental Protection Agency (EPA) has reviewed the Army's draft Facility- 
Wide Background Study Report, dated January, 2001 for the New River Storage Depot (NRU), and 
the Radford Army Ammunition Plant (RAM). Based upon our review, EPA has the following 
comments: 

- 1. Section 2 . 4 ,  F ie ld  Sampling, Page 2-2: This section does not 
contain a subsection discussing field observations and air 
monitoring (PID) readings. Please revise this section to 



include a discussion of significant field observations and air 
monitoring readings obtained during the sampling events. 

2. Section 4.1.1, Analytical Methodology, page 4-1: The third 
paragraph states that PID screening was used to monitor 
organic compounds and relocate borings as necessary. Section 
2, Background Sampling, did not contain a discussion of field 
activities or air monitoring readings. Please revise the text 
to indicate what levels detected on the PID would have 
necessitated a relocation of the boring and which, if any, 
boring location(s) were relocated as a result of PID readings. 

3. Section 4.1.1, Analytical Methodology, page 4-1: The second 
paragraph of 4.1.1 states that "Results demonstrated that 
selected locations did not exhibit explosive contamination or 
were not impacted by previous facility operations associated 
with releases. " If this is true, then any location on 
either facility having non-detect for explosives would be non- 
impacted by DoD operations regardless of other TCL or TAL 
findings at these future sampling locations. Please amend 
this sentence to read "Results indicated that selected 
locations did not exhibit explosive contamination or were not 
impacted by previous facility operations associated with 

b- 
releases." 

4. Section 4.1.2, Data Validation and Qualifiers, pages 4-1 and 
4-9: The discussions of this section are focused upon target 
analyte list (TAL) metals, and omit TCL considerations. Since 
samples were analyzed for TCL VOC and SVOC, their data quality 
evaluation criteria should be included within this section. 
Please revise the text to include a discussion of the VOC and 
SVOC data validation and qualifiers. 

5. Section 4.2, Statistical Approach, pages 4-10 through 4-20: 
This section details the statistical methodology utilized for 
this background study. Table 4-8, Statistical Test, describes 
the equations utilized for the necessary calculations; and 
Tables 4-9, Surface Soil Statistical Summary and 4-10 
Subsurface Soil Statistical Summary, describe the results of 
the individual statistical tests conducted. The actual 
calculations and variables utilized are not provided in the 
report for verification. Please include an additional table 
or appendix which details the individual calculations 
conducted in this section. 

6. Section 4.3, Confidence Limits, pages 4-20 through 4-24: This 
section details the statistical methodology utilized to 
calculate the 95% upper confidence limit (UCL) for the 
combined data sets. Table 4-8, Statistical Tests, describes 
the equations utilized for the necessary calculations and 
Tables 4-11, Occurrence and Distribution of Chemicals Combined 
Surface Soil (MMA and NRU) and 4-12 Occurrence and 



Distribution of Chemicals Combined Subsurface Soil (MMA and 
NRU), describe the results of the individual statistical tests 
conducted. The actual calculations and variables utilized are 
not provided in the report for verification. Please include 
an additional table or appendix which details the individual 
calculations conducted in this section. 

7. Section 4.1.3, Data Grouping, page 4-20: The last paragraph ofthis section states that the 
coefficient of variation (CV) was used to evaluate the data variability for element distribution 
across soil type, with elements having CVs of less than one being grouped together, and 
elements with CVs greater than one hrther evaluated to address the causes of variability. 
This step is not depicted in Figures 4-1 and 4-2. Please include this step in the appropriate 
figures, and elaborate on the use of CVs and the resulting groups formed based on the 
outcome of these calculations. 

8 .  Table 4-11, Occurrence and Distribution of Chemicals Carnbined 
Surface Soi l  (MMA and NRU), page 4-22: This table lists the 
95% UCL in surface soils for the combined data sets (MMA and 
NRU). As it may be necessary in the future to view each area 
independently, the table should include the individual area 
calculations in addition to the combined 95% UCL calculation. 
Please revise the table to include the individual area (MMA 

and NRU) 95% UCL calculations in addition to the combined 95% 
UCL calculation. 

9. Table 4-12, Occurrence and Distribution of Chemicals Combined 
Subsurface Soil  (MMA and NRU), page 4-22: This table lists the 
95% UCL in subsurface soils for the combined data sets (MMA 
and NRU). As it may be necessary in the future to view each 
area independently, the table should include the individual 
area calculations in addition to the combined 95% UCL 
calculation. Please revise the table to include the 
individual area (MMA and NRU) 95% UCL calculations in addition 
to the combined 95% UCL calculation. 

1 0 .  Section 5.1, Background Sample Locations, page 5-1: This 
section reads that "Additionally, semivolatile and volatile 
organic compounds were evaluated as secondary markers to 
substantiate the selection of true background locations. 
Analytical results demonstrated that organic contaminants had 
not impacted the selected locations, indicating that sample 
locations represented background conditions.". The organic 
results were not provided in this report. Please revise the 
report to include the organic results obtained or delete those 

.C 
two sentences from the report. 

11. Section 5.1, Background Sample Locations, page 5-1: This 
section reads that "Explosive results were negative, proving 



background sampling locations had not been impacted by RFAAP 
operations." If this is true, then any location on the Site 
having non-detect for explosives would be non-impacted by 
RFAAP operations regardless of other TCL or TAL findings at 
these future sampling locations. Please amend this sentence 
to read "Explosive results were negative, indicating 
background sampling locations had not been impacted by RFAAP 
operations.". 

12. Section 5 :  The 95 8 UCL was used as a point estimate of the 
background data. However, when we compare on-site 
contamination at RFI sites to background, we need to answer 
two questions: (1) Are there any hot spots on-site? (2) Is the 
average concentration on-site the same or higher than the 
average concentration of background? Given the data in the 
draft Background Report, we should be able to answer these 
questions for RFI type sites using hypothesis testing. 
Therefore, EPA is requesting that, for RFI sites, the Army 
propose a methodology(ies) in the draft revised Background 
Report for accomplishing this end. 

- 13. Section 5:  Please include language in Section 5 stating that 
the Facility-Wide inorganic point estimates for surface soil 
"background" and subsurface soil "background" can be used in 
the evaluation of Site-Screening Areas. 

14. Appendix A, D r i l l i n g  Log MMAU1: This drilling log does not 
show PID screening readings. Please clarify why readings were 
omitted on this boring or revise the log to indicate the PID 
readings obtained. 

15. Appendix B, Data Validation Reports: This appendix does not 
contain the VOC and SVOC data validation and summary sheets. 
Please revise this appendix to include the VOC and SVOC data 
validation package and sample summary sheets. 

This concludes EPAfs review of the Army's draft Facility-Wide 
Background Study Report, dated January, 2001 for the NRU and the 
RAAP. The referenced draft Report is disapproved by EPA in its 
current form, and must be revised to reflect the comments above. As 
it e x i s t s ,  the data presented i n  the  current background R e p o r t  
cannot be  used to el iminate contaminants of concern u n t i l  the  
Report i s  f i n a l i z e d .  Per Part 11, Section E.4.e. of the EPA RCRA - Corrective Action Permit, the Army is required to revise the draft 
document and submit a revised draft copy to EPA for review within 
60 days of the receipt of EPA comments on the draft document. Part 
11, Section E.4.f. of the Permit allows for an additional 20 days 



for issuing the revised draft document to EPA, provided that timely 
notice is given, i. e. within 10 days. Additional time extensions 
can be requested under Part 11, Section F. of the permit. 

If you have any questions, please call me at 215-814-3357. 

Sincerely, 

Robert Thomson, PE 
Federal Facilities Branch 

cc: Russell Fish, EPA 
Lynn Flowers, EPA 
Leslie Romanchik, VDEQ-RCRA 
Sharon Wilcox, VDEQ-CERCLA 



COMMO NWEALTN of VIRGINIA 
James S. Gilmore, 111 

DEPARTMENT OF ENVIRONMENTAL QUALITY 
Governor Street address: 629 East Main Street, Richmond, Virginia 2321 9 

Mailing address: P.O. Box 10009, Richmond, Virginia 23240 

John Paul Woodley, Jr. Fax (804) 698-4500 TDD (804) 698-4021 
Secretary of Natural Resources http:Nwww.deq.state.va.us 

Dennis H. Treacy 
Director 

April 2, 2001 
Mr. James McKenna 
Radford Army Ammunition Plant 
SIORF-SE-EQ 
P.O. Box 2 
Radford, VA 24 141 -0099 

RE: Draft Facility-Wide Background Study Report 
Radford Army Ammunition Plant, January 2001 

Dear Mr. McKenna: 

Thank you for the opportunity to review the above referenced document. I have had Mr. 
Sanjay Thirunagari and Mr. Hasan Keceli, of our Office of Techcal  Support review the Draft 
Facility-Wide Background Study Report, dated January 2001, for the appropriate application and 
interpretation of the statistical methods utilized. 

Based upon their statistical evaluation of the analytical data provided in the report, surface 
and subsurface soils should be evaluated separately. Within each stratum (surface and subsurface) 
data for each chemical constituent (aluminum, antimony, arsenic, etc.) can be grouped into either one 
or two groups by soil type (Braddock, Unison, Wheeling, etc.). 

The Department used the Tukey method1 to conduct simultaneous comparison of the 
constituent mean concentrations, by chemical constituent, for the seven different soil types at a 95% 
confidence limit. The resulting groups observed for each surface soil chemical constituent are 
marked with a code 1 or 2. Surface soil types with code "1 " may be combined into one data set and 
those with code "2" may be combined into second data set for each chemical constituent. Data sets 
marked with an asterisk (*) contain outliers which should not be included in the data set for the 
background comparison. See Table 1 below. 

For example, the cobalt data for the Braddock Loam and Groseclose and Poplimento Silt 
Loam in the surface soil types can be combined into one statistical data set; and the cobalt data for 
the Unison-Urban Land Complex, Wheeling Sandy Loam, Cabro Silty Clay Loam, Lowell Silt Loam, 

F and Wurno-Newberg-Faywood Silt Loam surface soil types can be combined into a second statistical 
data set. Statistical comparisons from future potentially contaminated sites would compare 

1 Robert V. Hogg and Johannes Ledolter, Applied Statistics for Engineers and Physical Scientists, - 
2nd ed. New York: Macmilllan Publishing Company, 1992 

An Agency of the Natural Resources Secretariat 
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aluminum data from a surface soil sample in Braddock Loam to aluminum data from the Braddock 
Loam and Groseclose and Poplimento Silt Loam data set. 

Table 1 Surface Soil Groupings 

Braddock 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 * 
1 
1 
1 
1 
1 

- 

Unison 
1 
1 
2 
1 
1 
1 
1 
2 
1 
1 

1 * 
1 
1 
2 
1 
1 
1 
1 

Constituents 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Maganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 

Wheeling 
1 
1 
1 
2 
2 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 

Cabro 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 

Groseclose 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 

Lowell 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 

Wurno 
1 
1 
1 
1 
2 
1 
1 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 

I Zinc 1 1 * 2 1 1 1 1 

Similarly, subsurface soil has been marked with code lor 2. Soil types with code " 1 " may be 
combined as one background data set and those with code "2" may be combined as a second 
background data set for each constituent. 

Table 2 Subsurface Soil 

Constituents Braddock Unison Wheeling Cabro Groseclose Lowell Wurno 
Aluminum 1 2 2 1 2 2 2 
Antimony 1 1 1 1 1 1 1 
Arsenic 1 1 1 1 1 1 1 
Barium 1 1 2 1 1 1 1 
Beryllium 1 1 1 1 1 1 1 
Cadmium 1 1 1 1 1 1 1 
Chromium 1 1 1 1 1 1 1 
Cobalt 1 2 2 2 2 2 2 
Copper 1 2 2 1 2 2 2 
Iron 1 1 1 1 1 1 1 
Lead 1 2 1 1 1 1 1 
Maganese 1 1 1 1 1 1 1 
Mercury 1 1 1 1 1 1 1 
Nickel 1 2 2 2 2 2 2 
Selenium 1 1 1 1 1 1 1 
Silver 1 1 1 1 1 1 1 
Thallium 1 1 1 1 1 1 1 
Vanadium 1 2 1 2 1 1 1 
Zinc 1 1 * 2 1 1 1 1 
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Notes for tables 1 and 2 on prior page: 
* Indicates that soil type has outlier(s) 
The detection limits for some of the constituents varied between soil types. 

Based on the above information, the facility may develop two background data sets for 
surface and subsurface soils. 

The facility must conduct an outlier test on grouped background data sets as part of the 
revisions to this document and prior to developing the statistical limits for comparing on-site against 
background levels. Outliers from the background data set are to be excluded prior to establishing 
the 95% upper confidence limit (UCL) on the mean of the background data. 

When performing statistical comparisons of the potentially contaminated area sample results 
to  the background results, the facility may use a Student's t-test, provided the data sets follow normal 
distributions and other test specific assumptions (eg., variance). The facility also has the option to 
calculate the 95% upper confidence limit on background data (excluding outliers) and compare the 
individual on-site sample concentrations to the established UCL. 

C 

If you have any questions regarding this information, I can be reached at (804) 698-4143. 

Very truly, 

Sharon Skutle Wilcqx 
Office Of Remediqtion Fragrams 

cc: . Robert Thompson, Region 111, U.S.EPA 
Robert Weld, VDEQ 
Sanjay Thirunagari, VDEQ 



February 9,2001 

Mr. Robert Thomson 
U. S. Environmental Protection Agency 
Region 111 
1650 Arch Street 
Philadelphia, PA 19 103-2029 

Radford Army Ammunition Plant 
Route 114, P.O. Box 1 
Radford, VA 24141 
USA 

Subject: Facility-Wide Background Study Report 
Radford Army Ammunition Plant 
EPA ID# VA I 2 10020730 

Dear Mr. Thomson: 

Enclosed is one certified copy of the subject report. Your five additional copies and Mr. Willis' and 
Ms. Wilcox's copies will be sent under separate cover. 

The contents of this report are based on the field work executed in accordance with Work Plan 
Addendum 10: Facility-Wide Background Study as approved by EPA on December 12,2000. 

.- 

Please coordinate with and provide any questions or comments to myself at (540) 639-8266, Jeny 
Redder of my staff (540) 639-7536 or Jim McKenna, ACO Staff (540) 639-8641. 

C. A. ~akMnvironmenta1 Manager 
Alliant Ammunition and Powder Company LLC 

Enclosure 

c: W/ enclosure under separate cover 
Durwood Willis 
Virginia Department of Environmental Quality 
P. 0. Box 10009 
Richmond, VA 23240-0009 

Sharon Wilcox 
Virginia Department of Environmental Quality 
P. 0. Box 10009 
Richmond, VA 23240-0009 

W/O enclosure 
Russell Fish, P.E., EPA Region I11 



-. bc: Administrative File 
J. McKenna, ACO Staff 
S. J. Barker, ACO Staff 
Rob Davie, ACO Staff 
C. A. Jake 
J. J. Redder 
Env. File 

Coordination: 
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EXECUTIVE SUMMARY 
A Facility-Wide Background Study was conducted at the Main Manufacturing Area and the New River Unit of 

RFAAP in accordance with Work Plan Addendum No. 10. Task objectives were to characterize naturally occurring 
background soil inorganic concentrations within the MMA and the NRU. Scope of work activities included the 
collection of background soil samples to establish a baseline for inorganic compounds of concern at RFAAP. Back- 
ground sample locations were selected based on soil types and collected in areas not impacted by installation activi- 
ties. Associated soils were evaluated based on formation properties and chemical and physical characteristics. 

Explosives were selected as primary background markers, and semivolatile and volatile organic compounds 
were selected as secondary markers to discern potential contamination associated with selected background sample 
locations. Explosives and organic compound results confirmed the selected background locations had not been im- 
pacted by facility operations and were indicative of natural background conditions. 

Statistical performance objectives designated for the background study were designed to ensure study data 
were scientifically based and statistically valid. Data were evaluated across soil types, soil horizons, and study areas 
to assess the potential for developing a universal background data set. Statistical tests demonstrated that surface soil 
data for both the MMA and NRU could be combined into one facility-wide data set. Similarly, subsurface soil data 
were also combined from both areas to obtain a facility-wide subsurface data set. 

Point estlmate values were subsequently developed to represent background concentrations for future site 
comparisons. The 95% upper confidence limit was selected as the statistic to assess background point estimates for 
surface and subsurface soil samples. Results from the previously attempted background study (Parsons 1996) were 
evaluated, and i t  was demonstrated that inclusion of the prior data set would compromise the statistical validity of 
the current background study. 

Further work was performed in response to review comments from the USEPA and VDEQ. As a result of sub- 
sequent discussions with the agencies, this Final Facility-Wide Background Study reflects two major revisions: 1) 
facility-wide point estimates for background soil data are calculated as tolerance limits rather than confidence limits, 
and 2) background data for soil (surface and subsurface, MMA and NRU) are combined into a single data set. The 
final set of point estimates for the background data set, therefore, are based on calculated 95% UTLs for a single 
facility-wide data set that represents surface and subsurface soil from the MMA and NRU areas. These values are 
included in the Facility-Wide Background Study as a point of reference for point-by-point comparisons for site 
screening. 
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1.0 Installation Description 
Radford Army Ammunition Plant (RFAAP) is a government-owned, contractor-operated industrial complex 

located in Radford, Virginia. It is owned by the U.S. Department of the Army and was operated under contract with 
Hercules, Inc., from 1941 until 1995 when Alliant Techsystems, Inc. (ATK), became the operating contractor. The 
installation consists of two noncontiguous areas: the Main Manufacturing Area (MMA) and the New River Unit 
(NRU). 

The MMA contains numerous buildings and facilities. The NRU was constructed in 1940 and operated as a 
bag-manufacturing and loading plant for artillery, cannon, and mortar projectiles. 

1.1 LOCATION 

The MMA is located approximately 10 mi west of Blacksburg and 37 mi southwest of Roanoke (Figure 1-1). 
It lies in one o f a  series of narrow valleys typical of the Appalachian Mountain region. The valley is oriented in a 
northeast-southwest direction and is approximately 25 mi long and 8 mi wide at the southwest end, narrowing to 
2 mi at its northeast end. The facility is situated along the New River in the relatively narrow northeast region of the 
valley and is divided into northern and southern areas. The northern half, or "Horseshoe Area," is located within the 
meander of the New River; the southern area contains the MMA. 

The NRU is located approximately 6 mi southwest of the MMA of RFAAP and 43 mi southwest of Roanoke. 
It is located east of the town of Dublin in Pulaski County, VA, in the southern portion of the Appalachian Mountain 
region. The facility is approximately 1.5 mi north of Claytor Lake and approximately 2 mi northwest of Claytor 
Lake Dam. 

1.2 ENVIRONMENTAL SETTING 
"I- 

1.2.1 Climate 

The climate of the area encompassing RFAAP is classified as "moderate continental," and is characterized by 
moderately mild winters and warm summers. Prevailing winds are from the southwest, with an average yearly wind 
speed between 8 and 10 milhr (SCS 1985). Average monthly temperature ranges from 29.6"F in January to 72°F in 
July, with an annual averagc temperature of about 52°F. Average monthly precipitation ranges from about 2.5 in. to 
4.1 in. with an annual total precipitation between 36.9 in. and 41.5 in. (NCDC 1999). Lake evaporation was meas- 
ured at 32 in./yr in the same area. Potential evapotranspiration has been calculated at 30 in./yr using the Thorn- 
thwaite method (Parsons 1996). Based on these data, the net precipitation in the vicinity of RFAAP ranges between 
6.9 in. and 11.5 in. annually. Snowfall in the vicinity of RFAAP averages 17 in. annually. Montgomery and Pulaski 
Counties lie in one of the areas of highest occurrence of dense fog in the United States. Dense fog can be expected 
to occur between 20 and 45 dayslyr. 

1.2.2 Physiography 

RFAAP lies within the Valley and Ridge Province of the Appalachian physiographic division. The Valley and 
Ridge Province is characterized by a series of long, narrow, flat-topped mountain ridges separated by valleys of 
varying widths. Either of these landforms may predominate; the mountains may be widely spaced and isolated or so 
closely spaced that the lowlands are disconnected or absent. 

RFAAP exhibits prominent karstic features including sinkhole, caves, and caverns. Karst landforms occur in 
carbonate rock formations as the result of the dissolution of rock by naturally occurring carbonic acid in rainwater. 
As the rock is dissolved, cavities or caverns are formed beneath the earth's surface. Occasionally, large caverns 
collapse producing a depression or sinkhole on the surface. Numerous sinkholes are apparent along the western and 
southern boundaries of the facility. 
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Figure 1-1 
RFAAP and Vicinity Map 

a 2 5  5 10 

SCALE IN MILES 

Topography within the MMA of the installation varies from a relatively flat tloodplain to elevated uplands in 
the extreme southeast section. The New River forms the RFAAP boundary on the north, with an elevation approxi- 
mately 1,675 ft above mean sea level (msl). The eastern boundary represents a transition from a Hoodplain eleva- 
tion of 1,680 ft rnsl to an upland elevation of 1,900 ft msl. The southern boundary traverses terrain consisting of 
creek bottoms and sharply rising summits. The western boundary follows the bluff line overlooking the New River 
to a point where the Norfolk and Western Railroad crosses the western portion of the Horseshoe Area. 

The topography at the NRU contains some relatively flat areas but is dominated by undulating terrain and oc- 
casional sinkholes. The highest elevation is approximately 2,160 ft msl in the western portion of the site, and the 
lowest elevation is approximately 1,860 ft msl at Hazel Hollow located in the northeastern section of the site. One 
stream flows to the southeast corner of the NRU. Several intermittent streams merge into Hazel Hollow to carry 
surface runoff to the northeast corner of the NRU. 

1.3 LAND USE/DEMOGRAPHICS 

The area around MMA has not been highly developed because of the steep terrain surrounding the area. Land 
use in the vicinity of the facility has been mostly rural; less rugged areas have been primarily used for agriculture. 
The majority of counties situated in the New River Valley, which includes Montgomery, Pulaski, Giles, and Floyd 
are forested. The Jefferson National Forest is located approximately 2 mi north of the facility. 38% of the area of 
the New River Valley is classified as nonforest land. including agricultural land, developed land, and water acreage 
(NKVPDC 1994). The Blacksburg, Christiansburg VPI Water Authority owns four parcels of land adjacent to the 
facility. There are approximately 200 private residences located adjacent to the facility (Dames & Moore 1992). 
The largest substantial development, Fairlawn, is located about 2 mi southwest of the MMA boundary. 
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n In 1990, the city of Radford, located about 4 mi southwest of the MMA, had a population of 15,940, which is 
equivalent to 1,626 people/mi2 and the adjacent city of Dublin had 1,156 people/mi2. Population densities for Mont- 
gomery and Pulaski Counties included 190 and 108 persons/mi2, respectively (NRVPDC 1994). According to the U.S. 
Census Bureau, the town of Dublin in 1999 had an estimated population of 2,009 people, which is equivalent to ap- 
proximately 1,155 people/mi2. The estimated population in 1999, for Montgomery and Pulaski Counties was 76,997 
and 34,407 peo le, respectively (U.S. Census Bureau 2000). The current estimated population densities are 198 and k' 108 personslmi , respectively. 

1.4 GEOLOGY 

RFAAP is located in the New River Valley, at the northwest terminus of the southern Valley and Ridge Prov- 
ince. The New River crosses the Valley and Ridge Province approximately perpendicular to the regional strike of 
bedrock and it chiefly cuts Cambrian and Ordovician limestone and dolomite. The valley is covered by river flood 
plain and terrace deposits; karst topography is dominant. Deep clay-rich residuum is prevalent in areas underlain by 
carbonate rocks. Karst features include sinkholes, caverns, and springs caused by the dissolution of calcium carbon- 
ate by naturally occurring carbonic acid in rainwater. The greatest areas of karst features are controlled by bedrock 
stratigraphy and structure, and by the presence of major drainages. Late Cambrian and Mid-Ordovician limestones 
are more soluble than Cambrian and Lower Ordovician dolomite and shaley dolomite; therefore, they have the 
greatest number of sinkholes and caverns. However, both rock types show increased karst development in areas of 
low bedrock dip, where bedding is intensely folded, cleaved or jointed, and near major drainages. 

The Elbrook and McCradyRrice Formations are the rock outcrops at the Installation. The Elbrook Formation 
is composed of thickly bedded, blue-gray dolomite interspersed with blue-gray to white limestone; brown, green, 
and red shale; argillaceous limestone; and brecciated limestone (colors range from mottled light- to dark-gray and 
yellow-brown). Sinkholes, solution channels, pinnacled surfaces, and springs are common to the Elbrook, which 
ranges from 1,400 to 2,000 ft  thick. The strike of bedding in the Elbrook Formation is variable throughout the re- 
gion. The general orientation of bedding is seen in the nearly east-west alignment of sinkholes at the installation and 
the surrounding area. Most sinkholes in the area are oval shaped and elongated with respect to the strike of the bed- - ding; they most likely represent fractured or faulted zones within the underlying Elbrook Formation. The 
McCradyRrice Formations outcrop in a fenster (window) east of the main plant area along Stroubles Creek. This 
Formation may be up to 1,500 ft  thick and consists of mottled red and green shale and mudstone interspersed with 
brownish-green siltstone and sandstone. 

Max Meadows tectonic breccia, which is evidence of the close proximity of the Pulaski fault surface, is ob- 
served within and in the vicinity of the facility. This tectonic breccia consists of poorly sorted, angular to sub- 
rounded clasts of massive dolomite, laminated dolomites, and finely-laminated greenish gray calcareous mudstones 
in a fine- to very fine-grained matrix of crushed dolomite. Clasts range from less than 1 in. to more than 3 ft in 
length. The breccias are massive to crudely layered and are well to poorly indurated. The breccia, which is most 
fine-grained along the fault contact (Schultz 1986), is an integral part of the highly deformed rocks along the base of 
the Pulaski thrust sheet. Tectonic breccia has been described along the entire strike (3 10 mi) of the Pulaski thrust 
sheet. 

The installation is also underlain by unconsolidated sedimentary deposits, including: alluvial plain sediments 
deposited by the New River prior to entrenchment, residual deposits from in-place weathering of parent bedrock, 
and colluvial deposits developed by residual slope wash. Alluvial plain deposits commonly line the New River and 
Stroubles Creek; as either recent floodplain material or as geologically older terraces. For example, three alluvial 
terraces are evident on the horseshoe loop that exhibit an upward textural fining. Gravels and silty, clayey sands 
form the basal unit, which are overlain by finer micaceous silts and clays. Sporadic cobbles and boulders (known as 
river jack) occur as lenses throughout the alluvial strata. Thickness of the alluvial deposits varies from a few to 
50 ft, with an average of 20 ft. 

Residual deposits (clays and silts) are a result of chemical and physical weathering of the parent bedrock, 
which is composed primarily of Elbrook dolomite. Residual deposits generally underlie the alluvium along the New 
River and in the Horseshoe Area. The exception is where the residuum has been eroded to bedrock and replaced by 
alluvium. Overburden depths vary from a few to 70 ft. 
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Cdluvlal deposits are geglerally f o d  fim mass- 
wasting of slopes and escarpments. h genmal, these d s  
posits are a h c t c r o g c ~  mixhue ofaltuvium, rwirtumn, 
and rock debris that bas moved &am its mi@ pmdian. 
W e  deposits are generally hterbddod M e e n  the strata 
of dnviurn and residuum; th isheis  is variabk. 

The NRU is I o c d  within the middle &on of the 
Ridge and Valley province (Thornbury 1965). The rocks, 
which underlie this site, rrre Middle fhmbrian limestones, 
dolo~16tcs and shales af the JZlbrook fbrmatioa The thick- 
ness &the Elbrook hnmtion in this area is approximately 
1,500 ft. Tbe u p p m  portion d the Elhtaok is charac- 
terired interbdd ssld~. mnunonl~ he- 1 Nomdy vfar rfaanpb ihU\BI ,,&,in 
graitled dolomite wntahhg thin- of h e  to medium- ttre BraddodcLosmsolltypeat€he A(MA 
grained sadstom. This is followed by cyclic sequences of 
meifturn-gray, fmly laminated; ihe-gmined d d d t e  with cross-& bioturbakd h - g m h d  dolamite with . . .  
burrowed areas filkd with slightly comer-grained ddomite. The percentage of hes t=  dummhes with depth 
The basal ut& is 25-50 fi of f f n e - g r a  finely lami-nated. light greahh-gray, pbiyllitic, dolomitic mudstone and 
inimbedded dolomite. This fcmnatianis thought to be part of the P d d d  w d  sheet Most af the rack d t s  
trend northeast-hwesL b u h a & m d  dipping thrust huh and asymmetric fddr o v d  to the noahwest 
are cormnrm ( M c h  1 W). 

S d  Corx~~at ion Service (1 985) rnap unib were employed to identify soil types within the currc~lt fwility 
bo-es of the MMA and the NRU. Soil types associated within the MMA md WRU werc assessed, and back- 
ground sampling locations were sdectcd to Include the major soil types. 

15.1 Main Manufact- Area 

The MMA is underlain by 27 sail types, as depicttd pphicaily on Figure 1-2. The Breddock Loam, Unisoa- 
Urban Land Complex, adld Wheeling Sandy Loam were identified as tbe most prtvald soil types that underlay the 
solid waste managemcat units [ S W s )  and a~eas of concern W e d  in the MMA. These three soil types ac- 
count far approximately 72% of the soils (excluding rock outcrop) at the W 'Ihe focus of this background in- 
vestigation was these Qvee soil type$ because they account far qqxahately 72% of the sails at the MMA. 
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---ddrn~.l 
BrdbcLLoam TheBraddackLDam- 

21%~ftheMMA TbjssoiltylxhasawxkhIesiopebetwet41 
2 % a n d 3 m a n d d a e s l m t h a v e a s e a s o n a l ~ g h ~ ~  
witlib 6 ft afthe sllrface. f i o io  I & o m  an example of the 
landscape m e g  a Bra&& Laarn sample location at 
the MM.4- Typdly, the mrhix layer is dark yehwish-brown, 
7 in. thick The mixoil, which is a yeblou4shqed eaLd red day, 
extmds in a dep& of60 k or mare. Pboto 2 s h ~ w s  a Brad- 
& Lam soil profile c d S d  from the haQA (A hori- 
zon: 6-14) & B horizon: 10-48 in.; C horizcm: 48-84 in.). 
D e p i h t o ~ $ m o l . e ~ 6 0 i n . d q .  Penncabitityoftbe 
Braddnek barn soil is rmdmk, natural M t y  is low, and 
agaric mtter cunknt is mcdendy !ow. This sod type is acidic 
&very W y  acidic. Photo. 3 Ndhmt view d sarrple laxfh M U 3  &in 

the Unison-Urban Land Complex soil type at the 
Unk~n-Urban Land Complex This complex makes MMA 

up about 40% of the surface area of RFAAP, and consists of 
about 50% deep and well drained Unison soils, 30% Urban Land, and 20% other soils. This complex of soils varies 
in slope from 2 to 25%. Photo 3 shows an example of the landscape surrounding a Unison-Urban Land Complex 
sample location at the MMA. In an undisturbed area, the Unison soils have a 15-in.-thick surface layer of dark 

Photo. 4 Unison-Urban Land Comytex soil pmfle for sample h f i n  MMAU: surface (A horizon) and subsurface (B and C horizons) 
&ded from the MNlA 

brown loam and a 43-in.-thick subs08 of yellowish-red, sticky plastic clay underlain by a red sandy clay loam to a 
depth of 58 ia. This clay-rich Iayer is typically underlain by a brown sand to about 10 ft below gound surface (bgs), 
which then grades into a brown clay. P b b  4 s h ~ w s  a Unison-Urban Land Complex soil profile wllected from the 
MMA (A horizon: Q-9 in.; B horizon: 9-42 in.; C horizon: 
42-72 in.). Urban land is covered by pavement m stmc- 
trrres; the cnigind sail b s  been Nysically altered or ob- 
scured so that classification is not practical. 

Permeability is moderate in Unison s o h ,  ntltural fer- 
tility is low, and organic matter content is iow to moderate. 
The soil is medium to strongly acidic. 

Wheeling Sandy Loam The Wheeikag Sandy Laam 
comprises approximately 1 I% oftbe MMA soils and is level 
to d y  level (dopes raging from 0 to 2%). Photo 5 shows 
an example of the landscape surroun&ng a Wheeling Sandy 
Loam sample location at the MhL4. The seasonal high watm 
table is notwithin 6 ft of the surface. Phdo. 5 Southwest view of co-located sample location 

MMhW2fW3 within the Wtmefing Sandy Loam sdl 
Typically, the surface layer is a 10-in.-thick, dark type at the MMA 
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brown sandy barn underlain by a 42-in.-thick subsoil. The upper part of the subsoil is dark b w n  gravely sandy 
loam to a depth of 60 in. or more At greater than 60 in in depth, the soil is predominantly a mixtare of silt and 
sand. with minor amounts of clay. Photo 6 shows a Wheeling S d y  Loam sd1 profile collected fiorn the MMA (A 
horizon: 0-7 in.; B h~rizm: 7-48 in.; C horizon: 48-60 in.). Depth b bedrock is at least 60 in. 

Photo.6 Wheeli 
from the MMA 

Permeability and available water capacity of Wheeling soils is moderate; surface runoff is slow. Natural fertil- 
ity is medium, organic matter content is moderately low, and soil is m o d e d y  to strongly acidic. Hazard of ero- 
sion in this soil type is slight. 

1.5.2 New FUver Unit 

The NRU is underlain by 11 soil types as depicted graphically on Figure 1-3. A soil grouping approach was 
adopted that included the evaluation of soil formation prop- 
erties, physical and chemical soil characteristics associated 
with each soil series, and delineation of associated family 
groups. Four soil groupings were selected for background 
sampIing at tile NRU including, Carbo Silty Clay Loam 
(very rocky), Groseclose and Poplimento Silt Loam, Lowell 
Silt Loam, and the Wurno-Newbern-Faywood Silt Loam. 
l%ese hu r  soil groupings account for 78% of the soils at 
the NRU. Figure 1-4 depicts the grouping of these soil 
types. 

The Cho series are formed in material weathered 
from limestone bedrock. Members of this family include 
Carbo S i h  Clav Loam. Carbo Sihv Clav Loam (verv 

The Cho series are formed in material weathered 
from limestone bedrock. Members of this family include 
Carbo Silty Clay Loam, Carbo Silty Clay Loam (very 
rocky), and the Carbo-Rock Outcrop Complex. The 

I 
Photo. 7 Noawest view d sample locatlon NRUCI within 

grouping of these soils was based on the Carbo family the Carbo SIQ Clay Loam soil type of the MMA 
designation. 

The Urban Land Complex represents disturbed Groseclose soils. Background samples collected from the 
Groseclose and Poplimento series will take Urban Land Complex soil characteristics into account. 

The Lowell series consists of deep and very deep well-drained soils formed in residuum of limestone 
interbedded with thin layers of shale on upland ridgetops and sidesIopes. Soils of the Slabtown series are deep, 
moderately well drained md have moderately slow permeability. Slabtown soils were fonned in weathered material 
of mixed colluvium and underlying limestone residuum and are geographically associated with fie Carbo, Faywood, 
Federick, Lodi, Lowell, Pophento, and Wumo series. This soil series was grouped with the Lowell series based on 
its chemical and physical properties. 
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Ihe Lodi md Federick series are fiom tbe same family and are formed in lesibum weathered from limestone 
mks with hmbedded sandstone and shale. These soils are consistent with the Wurno-Newbem-Faywood series in 
that pwmezlbility ranges fiom moderately slow to moderate, and soil pH ranges h m  strongly acidic to mildly a h -  
line. 

Ph&. 8 Crvbo SIRy Clay Loam (very mky) soil profile for sample kxa th  NRUCI: surface (A C a n )  and subsurface (B and C 
hodzons) collected Mrn the NRU E 

Carbo SWy Clay Loam (vsly rocky). The Carbo silty clay loam comprises 12% of the NBU a d  ~~ af 
stmqly duping to &q~ soils (7%30% ddpcs} h t  axe 20 to 40 m. deep to bedrock and do not have a seasmid 
high waterMk. This soil is looaid on r i w s  and convex side slopes along drainageways. Rock mcrops m r  
I o ? l O %  oi3b sudke area. P W  7 shows an e q l e  of the landscape srrrrormding a C d m  Silty Clay Loam 
s~anpk location at h N R U .  The sllrface layer of fhis soil is a 5-in-thick l q z  of dark yei1awis.h strong brown dty 
day ban rhat is underlain by a 26-h-thick mbmil of strong b r m  clay. Photo 8 shows a Carbo Silty Clay Loam 
soil'profilc d e c t e d  from the NRU (A horia,n: 0-1 1 h; B horizon: 1 1-72 in.). &drock is at a depth of 3 1 in. 
Pemxabilityofas soil b alow, and wdis rrpedium to rapid; available wata capacity is low. Nahzral fertility is 
high, and'& or&mic mSer content is m6bakly hw. Reaction is sljghdy mid to mildly dkahe m these soils. 

Gros& arrd Pdplbrmm SiltLbam. 'Ihe Grose 
dose and Puphnenb silt loants c m p k  19% ~f the NRU 
and are grouped togthes b e e  b y  have no major W- 
krences in use and mmgcmnt. These soils camist af 
moderately steep and sleep sails (slopes ranging ficrm 2% to 
30%) that are at leaat 48 in. deep to bedrock and do not 
have a seasonal high water table. These soils exist on side 
dopes aod ridgetops in irregularly shaped areas. Photo 9 
shows an a m p l e  of the landscape s m m d h g  a Orose- 
cbse and Poplh-o SiH Loam sample ~~ at the 
mu. 

G r o w A ~ ~ e  soils ~~y have an 8-in.-thick surface 
layer of dark yeIlouis:h brawn i k  loma that is un- by 
a 54-in.-thick mbsubsoil. T'h  upper poctioa of the stabsoil 
consists~f sbrong brown silty clay, the middle pmt is yel- 
lowish d and strong brown clay, while the Lomr partiw 
consists of br~wnisfr yellow dty  clay loam. At dagths grew 
~Iay  lorn to a de#h of at least 67 in 

Photo. 9 Ndherly view dw-bcated smpb localisn 
MRUWG3 wYhin U!e Grosslose and Poplknenb 
soil type at the NRU 

&an 54 in., the mbstratum is a yellowish brown silty 

P-nto soib gaerally consist ofa 7-in-thick snrface layer of dark yellowish brown sift loam that i s  
undehin by a 37-in.-thick subsd. The uppet parfion is strong brown silt ham, the middle parlion is ydbwish 
bfown aP?d strong brown clay, wbiie the Iawer part msi& of dd i& yellow day. Tbe  sub^ earteods to a 
&pd~ of at least60 in. and consists &reddish y4I .o~  and stxong brown silty clay loam. Photo 10 shorn a 
Choseclose and Poplimtnb Sik Loam 4 pro& co-d h m  tht NRU {A hmkon: 0-7 in.; B barizon: 7-34 in.; C 
horizon: 34-57 in.). 



noto. 1 0 ( L o s e c l o s e ~ ~ a p C m e n t o ~ ~ s o ( l p m l k f o r s a R F 3 g b c r a t i o ~ ~  s u ~ t A h d m ) a n d ~ ( B ~ d c  
hlxlzcm) c d M  fm the NW 

Pameability in a t . 0 ~ 0 ~ ~  soils is clm&akd as slow and m o d a d y  dow in Pcrplimeng, d. Water 
capaciw i moderate and surface rud3 is rapid. Grasdm soils are. low m natural ftrfility d mxhm in 
Paphento p oils Both types confain a mxkately low organic natkr oaRf9nt. Oroseclcse mi6 arc 
acidic, while Powento soils have a medium acid coatmt. Both sail t p  past a w e r e  erosion hazad. 

location at ihc NRiU. These mils do not have a seasma! 
higbwatertabie within 6ft ofthe ?mike. 

lk swhx laye is typically daEk ~ ~ U o w i s h  brown 
sik l m  1 1 In. thick end is underlain by a 27-in-thick sub 
sailoonsidngdd 4ystmnghwnapdrcddish 
f low ailty clay atld clay. Tke d s t m h n  is yellowish 
b r o w o s ~ s i l t b a m t o a ~ t h a f # i a n r ~  PhQto 
12 show a h e 4  Silt Learn soil pfik ~ollectd fim the 
NRU (A horiza~ 0-12 in; B h o b  12-42 in.; C horizon: 
42-55 m.). EkdmA is at .a depth of at lewt 40 iq. Perme- 
ability ofthis sailip-mmkaklyslowandmffisrapid; 
available w e  c q w d y  is nmdud~. hscthn in.thtsc soils 

Photo. 11 Nodb@j view of &mated ample kxaikm 
NRIklA2 Mi Ihe LoweR SU! Loan sol fype af Lhe 
wu 

Photo. 12 Lowell Sit Loam soil profile for sample locatlcm NRULI: surface (A horizon) and subsuface (B and C horizons) 
colkted at &e NRU 
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Natural futility is high and organic matter content is moderately low. 

Wurno-NewBern-Faywood SiZt Loams. The Wurno-Newbern-Faywood silt loam comprise approximately 
12% of the mils at the NRU and consist of moderately steep to steep soils (7530%) that do not have a seasonal 
high water table. Photo 13 shows an example of the landscape surrounding a Wurno-Newbern-Faywood Silt Loam 
sarnpb location at the NRU. Bedrock is at a depth of 20 to 40 in. in the Wumo and Faywood soils and 10 to 20 in. 
in the Newbem soils. 'Zhis unit is very intermingled and consists of approximately 35% W m o ,  3Wo Newbern, 25% 
Faywood, and 10% other soils. 

Wumo soils typically have a surface layer of yel- 
lowisb brown ailt loam 8-in. thick mdedalt by a 6-in.-thick 
subsoil of b r o d h  yellow vefy M y  silty clay loam. The 
substratum is partialIy weathered shale 13 in. thick Bed- 
rock is at a depth of 27 in. Permeability is moderate, and 
mff is rapid; available water capacity is very Iow. Reao 
tion ranges from slightfy acid to miIdly alkaline. 

Newbem soils generally have a 5-in.-thick surface 
layer of yellowish brown silt loam underlain by an 8-in.- 
thick subsoil of brownish yellow M y  silt loam. The sub- 
stratum is 5-in. thick and consists of brownish yellow shale 
and silt loam. Be&& is at a depth of 18 in. Permeability 
of the Newbem soils is moderate, and runoff is rnediuan to 
rapid; available w&r capacity is very low. Reaction ranges 
from slightly acid to mildly aIkaline. 

Photo. 13 Easw view of m p l e  locallon NRUW3 in the 
Wurno-NewbemFayHlood SM Loam So3 type at the 
NRU 

Phob. 14 Wmo-NewbemFaynrwd soil profile for sample location NRUW3: surface (A horizon) and subsurface (B and C horizcms) 
collected at the WRU 

- 

Typically, the Faywood sols have a 10-in.-thick surface layer of yellowish brown silt loam and an 18-in.-thick 
subsoil. The upper part of the subsoil consists of yellowish brown silty clay. Photo 14 shows a Wurno-Newbern- 
Faywood Silt Loam soil profile cdlected fiom the NRU (A horizon: 0-10 in.; B horizon: 10-34 in.; C horizon: 34-45 
in). Depth to bedrock is 18 in. Permeability of the Faywood soils is moderately slow, and runoff is medium to 
rapid; available water capacity is low. Natural fertility is high, and organic matter content is moderate. Reaction of 
the soil ranges h m  neutral to strongly acidic throughout. 

1.5.3 Chemical and Physical Properties 

Soil chemical and physical properties are often evaluated to adjust land uses to the limitations and potentials of 
n&tural resources and the environment. Soil scientists, conservationists, engineers, and others collect field data to 
predict soil behavior that can potentidly affect various soil uses and management. A briefdescription of select 
chemlcal and physical soil properties follows bdow. Tables 1-1 (MMA) and 1-2 (NRU) present the SCS physical 
and chemical characteristics associated with soil types sampled during background sampling activities. Values for 
properties listed in these tables represent averages for the entire soil mhrm. 
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Table 1-1 
Physical and Chemical Properties of Soil Types 

Sampled at  the Main Manufacturing Area 

Source: SCS 1985. 

Clay. Soil particles less than 0.002 mm are classified as clay 
and have a very large specific surface area, allowing them a signifi- 
cant capacity to adsorb water and other substances. Clay composi- 
tion percentages greatly influences soil fertility and the physical 
conditions of the soil. Clay directly affects the permeability and the 
plasticity of a soil by generally lowering the soil's permeability and 
increasing the plasticity. Because pores between clay particles are 
very small and convoluted, movement of both water and air is very 
slow. Fate and transport of chemical compounds are hindered when 
passing through a soil with a high composition of clay due to clay's 
ability to adsorb cations and to retain soil moisture. Soil properties 
and behavior can be greatly influenced depending on the kind of clay 
and the amount present. 

Organic 
Matter 

(%) 

1-2 

1-3 

1-3 

I 

Figure 1-5 
Typical Bulk Densities for a Variety of 

Soils and Soil Materials 

Soil pH 

4.5-5.5 

4.5-6.0 

I 5.1-6.0 

During hexahydro-1,3,5-tsinitro-1,3,5-triazine O X )  and TNT 
field screening activities, if a soil sample contained a high composi- 
tion of clay, eluant separation was delayed during the soil extraction 
procedure because of the clay's strong adsorption properties. 

- 

CmJhr) 

O.M.0 

0.62.0 

0.6-20 

I 

Moist Bulk Density. The bulk density of a soil is defined as 
the wet weight per unit volume of dry soil. The volume includes 
both the solids and the pore space. It is assessed by obtaining a 

it to remove the water and wei 
' 

knO~~?!~~f~&pe;, "U WULy "1 a svir 1s USurl&3 

the wet weight per unit volume of dry soil. The volume includes 
both the solids and the pore space. It is assessed by obtaining a 
known volume of soil, drying it to remove the water, and weighing 
the dry mass. Bulk density is important because it reflects the po- 
rosity of a soil. Loose, porous soils have lower bulk densities than 
tight, compacted soil. The bulk density of a soil increases with com- 
paction. Typical soil bulk densities for fine sands, silt loams, and 
silty clay loams are 1.5, 1.3 5, and 1.25 ~glcrn~, respectively. Figure 
1-5 presents a range of typical bulk densities for a variety of soils 
and soil materials. 

Moist Bulk 
Density 
<g/cm3 

1.20-1.50 

1.30-1.65 

1.20-1.50 

Permeability. Permeability is a physical and chemical 
property that estimates the ability of a soil to transmit water or air. 
In saturated soil conditions permeability is taken into account 
because it estimates the rate of the downward movement of water. 
Soil conditions in the field that may affect permeability include partic 
permits fast movement of percolating water, and lowers the opportunj 

'lay 
("/.I 

10-55 

10-70 

8-30 

Soil Name 

Braddock 

Unison 

Wheeling 

Source: The Nature and Properties of Soils. 

Depth 
(in*) 

A: 0-7 
B: 7-60 

A: 0-10 
B: 10-52 
C: 52-60 

A: 0-10 
B: 10-52 
C: 52-60 

ular structure, porosity, and texture. Sandy soil 
ity for dissolved chemicals to be adsorbed. 
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- Clay and organic soils tend to hold water and dissolved chemicals longer. Also, these soils have more surface area 
on which chemical compounds can be adsorbed. in comparison with sandy soils. The sandier the soil, the greater 
the chance of a compound of concern reaching groundwater. 

Table 1-2 
Physical and Chemical Properties of Soil Groupings Sampled at the New River Unit 

Source: SCS 1985. 

Soil pH. Soil pH is a measure of acidity or alkalinity and is an important physical and chemical property 
because it is an indication of soil reaction potential. Soil reaction influences the fate of many pollutants, affecting 
their breakdown and potential nloven~ent from the soil into gro~lndwater and streams. 
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Most soils range in pH from slightly less than 2.0 to slightly more than 11.0, although sulfuric acid forms and 
pH may decrease to below 2.0 when some naturally wet soils that contain sulfides are drained. The descriptive 
terms to use for ranges in pH are as follows: 

Ultra acid 13.5 
Extremely acid 3.5-4.4 
Very strongly acid 4.5-5.0 
Strongly acid 5.1-5.5 
Moderately acid 5.6-6.0 
Slightly acid 6.1-6.5 
Neutral 6.6-7.3 
Slightly alk a I '  ~ n e  7.4-7.8 
Moderately alkaline 7.9-8.4 
Strongly alkaline 8.5-9.0 
Very strongly alkaline >9.0 

The pH of forest soils is important, because it influences the microbial population of the soil, the availability of 
phosphorus, calcium, magnesium, and trace elements, and the rate of nitrification. Because tree litter is commonly 
acidic and releases hydrogen ions upon decomposition, forest soils are often more acidic than grassland or agricul- 
tural soils. In addition, trees nlay naturally acidify the soil by taking up calcium, magnesium. and other elements 
that form bases in the soil (Bockheim 1990). A review of pH results across soil types did not yield outstanding 
trends. High soil pH results were generally associated with limestone and shale parent material. 

Organic Matter Content. Organic matter content is expressed as a percentage, by weight, of the soil material 
that is a composition of plant and animal residues in the soil at various stages of decomposition. Available water 
capacity and inkiltration rate are affected by organic matter content. 

Raw plant residues, on the surface, help reduce surface wind speed and water runoff. Removal, incorporation, 
or burning of residues predisposes the soil to serious erosion. The resistant or stable Fraction of soil organic matter 
contributes mainly to nutrient holding capacity (cation exchange capacity) and soil color. This fraction of organic 
matter decomposes very slowly and therefore, has less influence on soil fertility than the "active" organic fraction 
(Alberta 1985). 
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2.0 Background Sampling 

2.1 PREVIOUS INVESTIGATION REVIEW 

A previous attempt was made to identify site-specific background concentrations within the MMA (Parsons 
1996). Accuracy issues associated with sampling location and data variability precluded the quantitative use of this 
information. Shortcomings identified from the previous attempt were incorporated into the design of this back- 
ground study to ensure the production of defensible and statistically significant data. 

2.2 SAMPLE LOCATION SELECTION 

Aerial photographs, facility base maps, and topographic maps were evaluated to ensure background sampling 
locations were representative of areas that were impacted minimally by facility operations. Aerial photographs dat- 
ing from 1949 to 1986 were reviewed to evaluate facility activities. Topographic and facility base maps were evalu- 
ated to provide additional information, including ground elevation, land features, water bodies, and associated 
physical features of the study area 

2.2.1 Aerial Photographs 

Aerial photographs (EPIC 1992) were used to evaluate construction and SWMU activities occurring between 
1949 and 1986 and to identify physical features potentially affecting environmental conditions at the MMA and 
NRU. 

Environmental Photographic Interpretation Center (EPIC) interpretive results indicated specific signature fea- 
tures and environmental conditions. The certainty associated with these signatures were further qualified by the 
terms "possible" and "probable" when d e f ~ t e  feature identification was not discernible. Because these interpreta- 
tions were performed on the full-size original aerial photographs, the level of resolution associated with the photo- 
graphic prints presented in the report, in some instances, does not provide the same level of detail necessary to verify 
the annotation. Aerial photograph interpretations were used to locate tree stands that predated construction activities 
to ensure background sampling locations were positioned in areas that had not been impacted by previous installa- 
tion activities. 

2.2.2 Facility Base and Topographic Maps 

Facility base and topographic maps were evaluated to further refine the understanding of construction activity, 
land use, and associated physical features of the study area. The topographic maps used to provide information on 
ground elevation, land features, water bodies, and minimally impacted areas included the Radford North (MMA) 
and Dublin (NRU) quadrangles. This information was used to position sample locations upgradient and upslope of 
SWMUs, hazardous waste management units (HWMUs), and areas of concern. 

2.2.3 Accessibility 

Sampling locations were positioned in tree stands to 
ensure associated soil samples were representative of areas 
that had not been affected by previous site activities or 
SWMU releases. Wherever possible, background sample 
locations were placed in tree stands estimated to predate 
potential construction activity at each location. Potential 
issues affecting or limiting accessibility to sampling 
locations included, the density or thickness of tree stands, 
drainage ditches, and slope grade. Grubbing and clearing 
activities were required at both the MMA and NRU to 
provide access of direct push sampling equipment to sample 
locations positioned within dense growth tree stands. Photo. 15 Grubbing and clearing activities within the MMA 
Activities consisted of tree, ground cover, and debris 
removal to clear paths for direct push equipment access and maneuverability (Photo. 15). 
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Soil borings were advanced using a truck-mounted or Bobcat-mounted direct push (Geoprobe) rig, depending 
on accessibility of the equipment at a particular sample location. The truck-mounted rig was employed in more 
open and spacious areas where the terrain was relatively flat. The Bobcat-mounted rig was utilized in areas of dense 
woods, rugged terrain, and where maneuverability restricted the use of the truck-mounted equipment. Hand auger 
sampling methods were employed at two background sample locations at the MMA. This soil sampling method was 
used at these two locations because steep slope conditions prevented safe access of direct push sampling equipment. 

2.3 SAMPLE LOCATIONS 

Background Study field investigation activities were conducted during the months of August and September of 
2000 in accordance with the Addendum No. 10, as approved by USEPA Region 111. Field activities were performed 
at both the MMA and the NRU and consisted of soil sampling, IDM management, and Global Positioning System 
(GPS) activities. The primary objective of the study was to collect samples representative of background conditions 
to establish a baseline for inorganic compounds of concern at RFAAP. 

Thirty-four environmental samples were collected from three of the proposed soil types (Braddock Loam, 
Wheeling Sandy Loam, and the Unison-Urban Land Complex) at the MMA. Twelve of the 34 samples were col- 
lected from the surface (A horizon) and 22 of the 34 samples were collected from the subsurface soil (B and, when 
available, C horizon). 

Forty-five environmental samples were collected from 
four soil groupings, including Carbo Silty Clay Loam (very 
rocky), Groseclose and Poplimento Silt Loam, Lowell Silt 
Loam, and the Wurno-Newbern-Faywood Silt Loam. Six- 
teen soil samples were collected from the surface (A hori- 
zon), and 29 soil samples were collected from the 
subsurface (B and, when available, C horizon). 

Sampling locations at the MMA and NRU are pre- 
sented on Figures 2-1 and 2-2, respectively. A complete list 
of samples collected, including sample matrices, depths 
dates, and analyses is presented in Table 2-1. Specific sam- ~phrul) 

ple location descriptions and associated photographs are 
included in Appendix C. Sketch of truck-mounted Geoprobe 

! 2.4 FIELD SAMPLING 

Twenty-eight soil borings were advanced and sampled 
during background study field investigation activities. 
Twelve of the borings were completed at the MMA, and 16 
of the locations were advanced at the NRU. Soil borings 
were advanced using a truck-mounted direct push Geoprobe, 
Bobcat-mounted direct push Geoprobe, or hand auger, de- 
pending upon accessibility of the soil sampling location. 

Seventy-nine environmental samples were collected 
during the study: 34 were collected at the MMA, and 45 
samples were collected from the NRU. A complete listing of 
samples collected in support of the field investigation effort 
is presented in Table 2-1. 

Sketch of Bobcat-mounted Geoprobe 2.4.1 Soil Sampling 

Three soil types at the MMA (Braddock Loam, 
Wheeling Sandy Loam, Unison-Urban Land Complex) and four soil groupings at the NRU (Carbo Silty Clay Loam 
[very rocky], Groseclose and Poplimento Silt Loam, Lowell Silt Loam, Wurno-Newbern-Faywood Silt Loam) were 
sampled and analyzed as part of the background study. One surface (A horizon) and up to two subsurface soil 
samples (one each from the B horizon and, when available, C horizon) were collected at each boring location and 
analyzed for metals and pH. 
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Table 2-1 
Facility-Wide Background Study Sampling Program (Continued) 



Table 2-1 
Facility-Wide Background Study Sampling Program (Continued) 
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Table 2-1 
Facility-Wide Background Study Sampling Program (Continued) 



Table 2-1 
Facility-Wide Background Study Sanipling Program (Continued) 

hgs =below ground surface 
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Two sample locations fiom each soil type were clustered within a %-acre radius of each other to evaluate organic 
concentrations and demonstrate that sample locations were representative of background conditions. One sample 
was collected from each soil horizon of the cluster and screened for the presencetabsence of explosive constituents 
(RDX and TNT). Once field screening results indicated the absence of explosive constituents, a surface soil sample 
was collected from the A soil horizon and analyzed for semivolatile organic compounds (SVOCs), TAL metals, and 
pH. Subsurface soil samples from the B and C horizons (as applicable) were then collected and analyzed for volatile 
organic compounds (VOCs), SVOCs, TAL metals, and pH. 

Borings were field screened using a MiniRae 2000 photoionization detector (PID) for the presence of organic 
vapors. PID field screening levels were not observed above background levels in the borings. No other significant 
field observations were noted during sampling activities. 

Stratigraphic characterization of the soils was completed by the project geologist 
using the Unified Soil Classification System following the procedures outlined in SOP 

C- MO* H H ~  - 20.6 of the MWP. Soil characterization information was then transferred to electronic 
(US512. 178SIOI lithologic boring logs and are presented in Appendix A. 

2.4.1.1 Direct Push Sampling Equipment. Twenty-six of the 28 soil bor~ngs 
were advanced with a truck- or Bobcat-mounted Geoprobe equipped with 1.25-in.- 

,,,,, diam. push rods; 4-ft-long, 2-in.-diam. stainless steel open-tube Macro-Core samplers; 
(1Ta(lO.~TQlI. 
NOIM. 1 ~ ~ 2 0  and stainless steel cutting shoes. The Macro-Core samplers were lined with a dedi- 

ATUZQI cated 4-ft-long, 1.5-in.-dlanl. Teflon sample tube. Us- 
ing a hydraulic percussion hammer, the Geoprobe 
drove the open-tube Macro-Core sampler to the pro- 
posed sampling depth. Following the withdrawal of the 
Macro-Core and the removal of the Teflon tube, a cut- 
ting device was used to remove a I -318-in. section 

m c L i n s l e l  - along the length of the tube for soil stratigraph~c char- 
acterization and sample processing. Once adequate 
sample volume was achieved, the boring hole was 

Mc(nbld*r - backfilled with bentonite chips. Excess soil cuttings 
(17151111 

M C . I U ~  shl* ---4 
remaining after sample processing were temporarily 

U O . A ~ I S .  A T L ~ I ~  stored in a 55-gal drum. 

Sketch of open-tube Macro-Corer 2.4.1.2 Hand Auger Sampling Equipment. 
Soil samples were collected from two locat~ons using a 

stainless steel hand auger. Hand auger equipment consisted of either a 2- or 4-in. 
stainless steel auger head, 4-ft stainless steel extension rods, and a plastic-coated cross 
handle. The auger head was slowly advanced to the desired sampling depth by manu- A~~~ nead 

ally applying pressure and turnlng the cross handle In a clockwise direction. This -- 

process was used to stratigraph~cally characterize the soil cuttlngs for an accurate as- 
sessment of the so11 hor~zons. Once the desired depth was achieved. the auger head 
was extracted from the borehole. The so11 sample was then recovered From the auger 
head using a decontam~nated stainless steel trowel. So11 cuttings were staged on plas- Sketch of hand auger sarnplvlg 
tic in 6-~nch depth intervals to ass~st  in the assessment and posit~ve identification of equ~prnent 

each soil hor~zon (Photo. 16). Once adequate sample volume was achieved, the borlng hole was backtilled with 
benton~te ch~ps .  Excess soil cuttings remalnlng after sample processing were transferred and temporarily stored in a 
55-gal drum. 
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2.4.2 RDXITNT Field Screening 

One sample was collected from each soil horizon of a 
clustered boring from each soil type and screened for the 
presencelabsence of explosive constituents (RDX and TNT). 
Samples were field screened using RDX and TNT irnmuno- 
assay test kits following the procedures outlined in SOP 
30.13 of Work Plan Addendum 10 (IT Corp 2000). Sample 
results were below 0.5 mglkg, indicating neither RDX or 
TNT were present. Table 2-1 presents a complete list of 
samples screened for explosive constituents. 

Samples were analyzed for RDX for field screening 
using immunoassay method U.S. Environmental Protection 
Agency (USEPA) SW-846 405 1. This method is a test kit 
procedure for screening soils to assess when RDX is present photo, 16 view of MMAB4 hand auger soil cuttings 
at concentrations above 0.5 mglkg and provides an estimate 
of the concentration of RDX by comparison with a reference. The method is performed using an extract of a soil 
sample. Samples and an enzyme conjugate reagent are added to immobilized RDX antibody. The enzyme-RDX 
conjugate "competes" with RDX present in the sample for binding to an immobilized RDX antibody. The enzyme- 
RDX conjugate bound to the antibody then catalyzes a colorless substrate to a colored product. The test was 
interpreted by comparing the color produced by a sample to the response produced by a reference reaction. 

Samples were analyzed for TNT for field screening using immunoassay method USEPA SW-846 4050. This 
method involved a test kit procedure for screening soils to assess when TNT was present at concentrations above 0.5 
mglkg and provide an estimate for the concentration of TNT by comparison with a reference. The method was 
performed using an extract of a soil sample. Samples and an enzyme-TNT conjugate reagent were added to an 
immobilized TNT antibody. The enzyme-TNT conjugate "competed" with TNT present in the sample for binding to 

A- the immobilized TNT antibody. The enzyme-TNT conjugate bound to the TNT antibody then catalyzed a colorless 
substrate to a colored product. The test was interpreted by comparing the color produced by a sample to the 
response produced by a reference reaction. 

2.4.3 Investigative Derived Material 

Activities were performed in accordance with Work Plan Addendum No. 10, as approved by USEPA Region 
111, regarding the identification, handling, and disposal of nonhazardous investigative-derived materials ([DM). 
Material disposal was documented in the field logbook. Specific compliance issues that were confronted during 
investigative activities included the following: 

Accumulation and storage. IDM accumulated during field sampling activities included soil cuttings, 
decontamination water, direct push acetate I~ners, and PPE. Soil cuttings and decontamination water 
were stored in separate appropriately labeled 55-gallon steel drums. D~rect  push acetate liners and 
used PPE were stored together in 55-gallon drums. Containerized materials were stored at ATK-ap- 
proved areas. 

Material characterization. Soil cuttings and decontamination water were sampled before disposal to 
assess waste characteristics, i n  accordance with 40 Code of Federal Regulations (CFR) 264 and 
Virginia Hazardous Waste Management Regulations. Based on analytical results, so11 and 
decontamination water sampled were classified as nonhazardous materials. 

Transporter, storage, and disposal facility. Soil cuttings, acetate liners, and PPE were disposed of 
at Tnzewell County Landfill in Tazewell, VA. Before disposal, waste profile results were provided to 
the installation, IDM management subcontractor, and the disposal facility for review and approval. 
An alternate straight bill of lading was obtained before transport of IDM from the accumulation and 
storage areas to the disposal facili~y. Disposal records were provided to the [nstallation and are also 
kept on file by the IT Corporation. 

Decontamination water. Following analysis, the Installation and RFAAP Wastewater Treatment 
Plant engineer were provided with a copy of the decontamination water sample r e s~~ l t s  for review. 
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After receiving approval, decontamination water from both the MMA and the NRU was disposed into 
the collection system of the Wastewater Treatment Plant. 

2.4.4 Global Positioning System Activities 

Sample location coordinates and elevations were obtained using a Trimble Pathfinder Pro XRS GPS. The 
Pathfinder Pro XRS system was used to obtain real-time position information with submeter accuracy and elevations 
at 1.5 to 2 times the horizontal accuracy. Position information was recorded in the U.S. State [Virginia (South)] 
Plane Coordinate System (measured in U.S. survey feet) using the North American Datum 1927. Position informa- 
tion will be entered into the Environmental Restoration Information System (ERIS) database when available. 

Because of the significant thickness of the tree canopy at three of the sample locations, coordinates were re- 
corded from offset locations outside of the tree stands. The offsets were accurately measured with a measuring tape 
in the field and subsequently corrected. GPS coordinates and offset measurements were logged in the field logbook. 
Sample location coordinates and elevations presented in Table 2-2 have been entered into the prqject coordinate 
system and placed on the appropriate niaps. 

Table 2-2 
Facility-Wide Background Study Soil Sampling Location Coordinates 

'virginin State Planar Coordinate System (NAD 27) measured in U.S. 
survey feet 

' ~ e e t  above mean sea level. 
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3.0 Quality Assurance 
Quality Assurance (QA) is defined as the overall system for assuring the reliability of data produced. The 

system integrates the quality planning, assessment, and improvement efforts of various groups in the organization to 
provide the independent QA program necessary to establish and maintain an effective system for collection and 
analysis of environmental samples and related activities. The program also encompasses the generation of usable 
and complete data as well as its subsequent review, validation, and documentation. 

The accuracy and integrity of background data were ensured through the implementation of internal quality 
control measures in accordance with Work Plan Addendum No. 10, as approved by USEPA Region 111. QA and 
quality control activities, including field quality control, laboratory quality control, and data management, were 
integrated into the background study program. 

The analytical services for the background study were provided by the following USACE-validated 
laboratories: 

Envirosystems, Inc., Columbia, MD. Envirosystems, Inc., used USEPA-SW846, 3rd ed., Test Meth- 
ods for Evaluating Solid Waste, Update I11 (USEPA 1996) methodologies in providing analytical 
support for pH and USEPA CLP SOW OLMO 4.2 (USEPA 1999) for VOCs and SVOCs. Metals 
analyses were subcontracted to Severn Trent Laboratories. 

Severn Trent Laboratories (STL), Sparks, MD. STL used USEPA-SW846,3rd ed., Test Methods for 
Evaluating Solid Waste, Update I11 (USEPA 1996) methodologies in providing analytical support for 
TAL metals and Toxicity Characteristic Leachate Procedure (TCLP) metals. 

3.1 ANALYTICAL METHODS 
- Analytical protocols used were in accordance with USEPA-approved methods for the analysis to include 

USEPA TAL metals, Target Compound List (TCL) VOCs, SVOCs, and pH. Samples collected to characterize in- 
vestigative-derived materials were analyzed for hazardous waste characteristics. The methodologies are included 
below. 

Inorganics. Samples were analyzed for USEPA TAL metals using a combination of inductively cou- 
pled plasma emission spectroscopy (ICP) and cold vapor atomic absorption (CVAA). Trace metals 
were analyzed using USEPA SW-846 Method 3010A/6010B (USEPA 1996) for aqueous samples 
and Method 3050Bf6010B (USEPA 1996) for solid samples. The pH was analyzed using USEPA 
SW-846 Method 9045C (USEPA 1996) for solid samples. 

Organics. Samples were analyzed for TCL VOCs using USEPA CLP SOW OLMO 4.2 (USEPA 
1999) for aqueous and solid matrices using purge and trap technology. The Encore sampling 
technique was used for the soil samples. 

Sarnples were analyzed for TCL senlivolatiles using USEPA CLP SOW OLMO 4.2 (USEPA 1999). 

TCLP Extraction. Soil sanlples collected for material characterization were extracted using the 
TCLP SW-846 Method 13 11 (USEPA 1996). 

3.2 FIELD QUALITY CONTROL 

3.2.1 Field Samples 

Table 3- 1 presents a summary of field quality control samples collected during background sampling activities, 
including the purpose of each quality control element and the re~luired collection frequency that was adhered to 
during tield sampling activities. 

Sample Management. Sample management quality control consisted of the following field QA items. The 
number and types of environmental ancl quality control samples collected during the background sampling event are 

C included in Table 1-3. 
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Table 3-1 
Field Quality Control Samples Collected During Background Study Sampling Activities 

NA = not applicable. 

Control 

Duplicate sample 

Rinse blank 

Temperature blank 

Trip blank 

Table 3-2 
Number and Type of Samples Collected During Background Study Sampling Activities 
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Purpose of Sample 

Ensure prec~sion in sample 
homogeneity 
Ensure the decontamination 
of sampling equipment has 
been adequately performed 
to assess cross-contamination 
andlor incidental contamina- 
tion to the sample container 

Verify sample cooler tern- 
perature during transport 

Assess if cross- 
contamination occurs during 
shipment or storage with 
aqueous VOC san~ples 

Frequency 

10% 

5% 

Per cooler 

Per cooler 

Total 

10 

5 

4 

2 

Number of Samples Collected 

MMA 

Aqueous 

NA 

N A 

NA 

i 

NRU 

Solid 

4 

2 

2 

NA 

Aqueous 

NA 

NA 

NA 

1 

Solid 

6 

3 

2 

N A 



Sample identification. The sample identification number was consistent with past nomenclature at 
RFAAP. The sample identification consisted of an alphanumeric designation related to the site loca- 
tion, soil group type, sampling location number, and sampled depth. 

Site location code. The first two characters were identified 
by the site location abbreviation. The identification in- 
cluded the following: 

MMA = Main Manufacturing Area 
NRU = New River Unit 

Samplelmedia type. The second two characters were the samplelmedia type. Sample types were 
designated by the following codes: 

- B = Braddock Loam 
- C = Carbo Silty Clay, Very Rocky 
- DW= IDM 
- G = Groseclose and Poplimento Silt Loam 
- L = Lowell Silt Loam 
- U = Unison-Urban Land Complex 
- W = Wheeling Sandy Loam or Wurno-Newbern-Faywood Silt Loam 

Sampling location number. The 
next one or two characters were the 
number of the sampling location 
(e.g., 1 , 2 , 3  , . . . ,  9, 10, 1 1  , . . .  ). 

Sampled depth. At sites where there 
were several samples to be collected 
at different horizons, the sequential 
collection order was followed by a 
letter in alphabetic order indicating 
shallow to deep depths (e.g., A, B, 
C), where A was the surface soil 
sample or A horizon. Example sample container label 

Duplicate. Duplicare samples were identified with a "DM designation. A record of the samples that 
correspond to the duplicates was kept in the field logbook. 

Envirosystems , Inc . 

Quality control samples. QC samples were identified by date (mo,day,yr), followed by QC sample 
type, and sequential order number at one digit. The QC sample types included: 

Site Name: RFAAP 

Sample I.D.: MMAB 1A 

Analysis Required: TAL Metals & pH 

- R = Rinse Blank 
- T = Trip Blank 

Date: 0813 1/00 

Time: 0940 

Preservarive: 
ICE 
Sampled by: 
MTIGZ 

Documentation. Information pertinent to the sampling effort was recorded in a field logbook and the 
associated samples were traced by a Chain-of-Custody (COC) Form. Entries were made in indelible ink on 
consecutively numbered pages, and corrections consisted of line-out deletions that were initialed and dated. 

Each sample container was labeled in waterproof ink with the sample identification. sampling date, required 
laboratory analyses, and preservatives. The sample labels were permanently affixed to the sample container using 
polyethylene tape. 

Chain-of-custody procedures. Sampling was evidenced through the completion of a COC Form, which ac- 
companied the samples in the field, during transit LO the laboratory, and upon receipt by the laboratory. The COC 
form was filled out using indelible ink and annotated to indicate time and date that samples were relinquished to the 
shipping facility (Federal Express). In addition, shipping coolers were affixed with custody seals. 

Field Parameter Form procedures. Documentation of collecred samples was provided to the laboratory on 
electronic Field Parameter Forms. Field Parameter Forms were filled out based on information recorded in field 
logbooks and were completed at the end of each sampling week for every sample, including QC samples. The 
completed forrns contained the following ~nformation fields for encoding chemical data into the ERIS database: - 
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CHAIN OF CUSTODY RECORD NO MD- 0 4 4 7  

Zhr COC with t h l ~  s h i i :  
~ ~ U X W O H B ) ~  R~CEMD m 

Ihbd N.m. 5- d A M h l  mkr*, S'i~.ndAM,lW DATE  ME 
mvMm ltWRU 

I I 

I 1 I 
FOR UB USE ONLY: ~h-. 5 -LA k.d.8: I ~ . l  ~. . . l  

bBBUL COUIBITS: 

3.2.1.1 Field Performance Audit. A field audit of site activities was conducted on September 7, 2000, by 
the QA/QC Manager and Project Chemist. During this audit current field practices were compared to the operating 
procedures outlined in the project work plans (i.e., Work Plan, QAP). 

Two minor deficiencies were Identified that were associated with project documentation. Field activities asso- 
ciated with the audited work phase were compliant and found satisfactory with work plan specifications. The matrix 
spikelmatrix spike duplicate (MS/MSD) QC sample and soil horizons were not clearly identified in the logbook. 
This information was captured in other documentation associated with the project. Following audit completion, 
deficiencies were discussed with the field staff and corrective actlon was taken. 

3.2.2 Laboratory Quality Control 

3.2.2.1 Data Review and Validation. Data obtained from the laboratory was reviewed by the IT QA 
Manager to assess whether the project-specific data quality objectives, as defined in the Quality Assurance Plan 
Addendurn (QAPA), were met. An in-depth discussion of the validation process and copies of the validation reports 
are presented in Appendix B. 

3.2.2.2 Data Reduction. Data reduction procedures address the rellabllity of computations and the overall 
accuracy of the data reduction. Data reduction included computation of analytical results from raw instrument data 
and summary statistics, including standard errors, confidence intervals, test of hypotheses relative to the parameters, 
and model validation. The numerical transformation algorithms used for data reduction were verified against a 
known problem set to ensure that the reduct~on methods are correct. 

3.2.2.3 Data Quality Measurements. Data quality ob-jectives were developed concurrently with the work 
plan to ensure (1) the reliability of kield sampling, chenlical analyses. and physical analyses; (2) thc collection of 
sufficient clata; (3) the quality of data generated was acceptable for its intended use; and (4) valid assumpiions could 
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- be inferred from the data. Attainment of data *- 
quality objectives was assessed through 
evaluation of data collected using data quality NO.: 57 

indicators. C Y ~ Y . ~  E"L ~ d ~ t  FIELD PARAMETER FORM AND CHAIN OF CUSTODY 
+lo-613 6J23 Soil Samples 

Table 3-3 outlines the data quality indica- 
tors as to their definitions, project goals, sam- 
pling and analytical assessments. Data quality 
was assessed through the evaluation of sampling 
activities and field measurements associated with 
the chemical analytical data in order to assess the 
reliability of the chemical analyses and the accu- 
racy and precision of information acquired from 
the laboratory. 

Precision. Method or laboratory precision 
by the laboratory was evaluated during the vali- 
dation process. Overall sampling or field preci- 
sion was evaluated during the data review 
process. Precision is measured by calculating and 
evaluating the relative percent difference (RPD) 
between the results of field or laboratory dupli- 
cates. The RPD is calculated by the following 
equation: 

RPD (%) = 
/XA - XB)/ 

XM * 100 

_I where 

XA and XB = duplicate analyses, and 
XM = the mean value of duplicate 

analyses (XA + XB)/2. 

Field duplicates were collected on a 10% frequency per matrix to identify the cumulative precision of the sam- 
pling and analytical process, which includes the homogenization of soil and sediment samples. Precision was 
checked by regularly obtaining duplicate samples for each parameter and each media. Precision of field duplicates 
was assessed through calculation of the RPD between the positive results detected in the original sample and the 
field duplicate. The advisory limits were established hy the USEPA Region I11 guidelines. 

In instances where either the sample or the duplicate was non-detect "U." rejected "R," or blank contaminated 
"B" for a particular compound. a duplicate assessment was not performed. Sample results exceeding guidance val- 
ues should be considered as estimated. Table 3-4 presents a summary of non-conformance field duplicate values. 
Sample values noted should be considered usable and estimated for the samples and compounds listed. 

Accuracy. Accuracy is the measure of bias in a system. The accuracy of the results are measured by percent 
recovery (%R): 

test value 
%R = * 100 

true value 
(2) 

spiked value - unspiked sample 
%R = :k 100 

amount spiked 
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Table 3-3 
Background Study Data Quality Indicators 

Laboratory analytical accuracy was assessed through the use of laboratory blanks (method and instrument)', 
laboratory control samples (LCS), and MSs. Laboratory analytical accuracy was reviewed during the validation of 
data. Sampling accuracy was assessed by evaluating the results of the rinse water. The data validation qualifiers 
would be applied for analytical non-conformances as outlined in the USEPA validation guidance. 

Method blanks. A method blank is a volume of analyte-free water or soil that is processed through the 
entire analytical scheme (i.e., extraction, digestion, concentration, and analysis) as with the actual 
samples. Method blanks monitor potential laboratory-induced contamination. Method blanks were 
found to be less than the method reporting limit (MRL). 

Laboratorycontrolsample. The LCS was analyzed to assess general method performance by the ability 
of the laboratory to successfully recover the target analytes from a control matrix. LCS recoveries 
were found to be within acceptable limits during the validation process. 

Matrix Spikes. The MS was used to assess the performance of the method as applied to a particular 
project matrix. MS non-conformances were found in every sample delivery group. Antimony was 
found to produce low recoveries and was qualified bias low. In some cases, antimony was exces- 
sively low in recovery, and non-detects were rejected. Other bias low recoveries included the ele- 
ments arsenic, selenium, chromium, potassium, vanadium, beryllium, cobalt, lead, and manganese for 
select spiked samples. Data were qualified "L" or "UL" in accordance with USEPA Region 111 guid- 
ance and were found to be estimated and usable. 

Rinse blanks. The blank contamination assessment was performed to assess the impact of contaminant 
contributions originating from non-point sources, such as field sampling equipment decontamination 
procedures. Rinse blank contamination assessment was completed through identifying appropriate 
sources of water and completing rinse blanks as required by the QAPA. In accordance with the 
USEPA data valida~ion guidelines (USEPA 1995). the detected concentration in the sample was con- 
siclered "B-qualified" if the sample concentration was within five times (10 times for common labo- 
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ratory contaminants such as acetone, 2-butanone, methylene chloride, phthalate esters) the concentra- 
tion of the associated rinse blank. 

Table 3-4 
Field Duplicate Summary Greater than 35 % 

[Units in mglkg] 

':= duplicate analysis not within control limits. 
E = reported value is estimated because of the presence of interferences. 
J = analyte present. Reported value may not be accurate or precise (estimated). 
L = analyte present. Reported value may be biased low (estimated). 
N = laboratory spike sample recovery not within control limits. 

Rinse blank 0083000R3 contained trace levels of arsenic and selenium. Associated samples within the five 
times action level were qualified "B" in accordance with USEPA Region 111 guidance (Appendix D). These samples 
were evaluated at one-half of each sample MRL. 

A discussion of the blank results is provided within each validation report in Appendix B. Table 3-5 indicates 
those data that are "B" flagged due to blank contamination. The table summarizes samples qualified for the back- 
ground study field investigation due to rinse blank contamination. Those compounds that were detected in both the 
blanks and the associated samples below the USEPA guidance blank action levels are listed. 

Completeness. Completeness is a measure of the amount of information that must be collected during the field 
investigation to allow for successful achievement of the objectives. An adequate amount and type of data must be 
collected for conclusions to be valid. Missinp data may reduce the precision of estimates or introduce bias, thus 
lowering the confidence level of the conclusions. While completeness has been historically presented as a percent- 
age of the data that is considered usable, this does not take into account critical sample locations or critical analytical 
parameters. 

The amount and type of data that may be lost due to sampling or analytical error cannot be predicted or evalu- 
ated in advance. The importance of lost or suspect data will be evaluated in terms of the sample location, analytical 
parameter, nature of the problem, decision to be made, and the consequence of an erroneous decision. Critical loca- 
tions or parameters for which data is found to be inadequate will either be re-sampled and re-analyzed or the data 
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will be appropriately qualified based on the decision of the project QA manager. The completeness goal percentage 
of usable data is set at 98+2%. Completeness was calculated using the following equation: 

No. of usable data 
Ti Completeness = 

No. of requested analyses 

Table 3-5 
B-Qualified Data Summary 

[Units in mg/kg] 

* = duplicate analysis not within control limlts. 
B = the analyte or compound has been detected in the sample 

and laboratory method blank andlor associated field sample. 
N = laboratory spike sample recovery not within control I~mits. 

The number of samples actually collected with acceptable results were compared to-the number of samples 
proposed in the QAPA. The percent completeness was with the acceptable range relative to the number of samples 
planned. 

Representativeness. Representativeness is a measure of the degree to which the measured results accurately 
reflect the medium being sampled. It is a qualitative parameter that is addressed through the proper design of the 
sampling program in terms of sample location, number of samples, and actual material collected as a "sample" of 
the whole. 

Sampling protocols were developed to assure that samples collected are representative of the media. Field 
handling protocols (e.g., storage, handling in the field, and shipping) were designed to protect the representativeness 
of the collected samples. Proper field documentation and QC inspections were used to establish that protocols were 
followed and that sample identification and integrity was maintained. 

Comparability. Comparability is the confidence with which one data set can be compared to another. 
Comparability was controlled through the use of SOPs that have been developed to standardize the collection of 
measurements and samples and approved analytical technique with defined QC criteria. USEPA-SW846, 3rd ed., 
Test Methocis for Evaluating Solid Waste, Update 111 (USEPA 1996) methodologies for inorganics and USEPA CLP 
SOW OLMO 4.2 (USEPA 1999) for organics were used in providing laboratory analytical support for this project. 
Laboratory SOPs were developed from these methods. Consistent and proper calibration of equipment throughout 
the field exercises, as described in the Master Quality Assurance Plan and QAPA, will assist in the comparability of 
measurements. Field docunlentation and QA audits were used to establish that protocols for sampling and 
measurement follow appropriate SOPs. 

Sensitivity (quantitation and detection limits). The term sensitivity is used broadly to describe the method 
detection, quantitation, and reporting limits established to meet project-specific data quality objectives; and not 
limited to the definition which describes the capability of a niethod or instrumer~t to discriminate between 
measurement responses. The method detection limits (MDLs) and the minimum quantitation limits (MQLs) 
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pi~blished within USEPA methods are based upon a reagent water matrix, and are not necessarily reflective of 
typical sample matrices: therefore, care will be taken in establishing limits for laboratory analysis. Methods were 
selected based upon their sensitivity, technological, and economical considerations while keeping the screening 
values and available methodology in mind. The published limits may not be achievable for environmental samples, 
but they should compare reasonably with control samples. This compliance is verified during data validation 
process. Each target compound for every sample was reported at a specific MRL or Contract Required Quantitation 
Limit (CRQL). The target analytes detected above the MDL but less than the MRL (inorganics) or CRQL 
(organics) were reported as estimated values. Target analytes detected above the upper calibration standard were 
diluted and analyzed within established calibration windows. 

The MQLs and MDLs were compared at the onset of the project. The MDL is the minimum concentration of 
an analyte that can be measured and reported with a 99% confidence that the analyte is above zero and is identified 
from the analysis of a sample in a given matrix containing the analyte. The MDLs are derived by the method based 
upon 40 CFR (Code of Federal Regulations) Chapter 136 Appendix B. The MDL established using this procedure 
was used to assess the importance of the measurement of a future sample. The laboratory MDLs derived were less 
than the MQLs. The laboratory has statistically derived MDLs below the MQLs. The MDL values are different and 
change periodically because each MDL is laboratory, instrument, analyst, matrix, and method specific. 

The MQL and the CRQL are the values at which the laboratory has demonstrated the ability to reliably quan- 
titate the target value of an analyte for the method performed. The MQL and the CRQL are based upon the lowest 
calibration standard used for the initial calibration curve or the lowest verification standard performed. Data is cal- 
culated over a linear range. The highest concentration of the standards is truncated until linearity is achieved (mini- 
mum of three concentration levels must remain). The resulting highest concentration within the linear range 
represents the upper quantitation limit. 

The laboratory used a MRL for each sample. The MRL is the USACE term for sample quantitation limit 
(USACE 1998). The reporting limit is the threshold value below which the laboratory reports non-detected values 
as "U," "ND," or "<" and will vary for each sample based upon dilution, sample volumes, percent moistures (for 
solids), and the method performed. Positive values found in blanks (method, rinse, trip) above the MDL were re- 
ported. Positive results below the MRL and above the MDL are to be reported as estimated for organics. For inor- 
gan ic~ ,  results below the Contract Required Detection Limit and above the MDL are reported as estimated. Non- 
detects were reported at the reporting limit for organics and the MDL for inorganics. The units for aqueous samples 
were pg/L and for solid samples were pglg. 

3.2.2.4 Laboratory Systems Audit. Laboratory activities performed under contract to IT are required to 
meet applicable contractual and project requirements. Before the submittal of project samples to the laboratory. the 
QAIQC Manager and the Project Chemist verified that technical requirements were planned and work pre-requisites 
were identified and met. Within the scope of laboratory system audits, definable features of work included analyti- 
cal support [or soil analysis and verification of the following: 

The requisite validations were achieved; 
The Laboratory Quality Assurance Plan was reviewed and accepted by IT; 
Laboratory equipment was of appropriate type, sensitivity, and quantity for its intended use; 
Facilities were appropriate for the expected sample load: 
Responsibilities were assigned and communicated; 
Laboratory staff were qualified to perform their jobs; 
Subcontracting restrictions were not been violated; and 
Approved procedures and controls were in place. 

Discrepancies between actual conditions and approved plans or procedures were resolved. and corrective ac- 
tions for unsatisfactory and nonconforming conditions were verified by the Project QAJQC Manager before granting 
approval to begin work. 

The laboratory was evaluated by the Project QA Manager and Chemist to evaluate each definable feature of 
work including. but not limited to, the following: 

Size and appearance of the facility; 
Quantity, age, availability, scheduled maintenance, and performance of instrumentation; 
Availability. appropriateness, utilization, ancl adherence to the SOPS and methods; 
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Staff qualifications, experience, and personnel training programs; 
Reagents, standards, and sample storage facilities; 
Standard preparation logbooks and raw data; 
Bench sheets and analytical logbook maintenance and review; and 
Review of the laboratory's sample analysisldata package inspection procedures. 

A formal audit report was provided to the IT Project Manager and support staff. Results of the onsite audit 
were documented and maintained as part of the QA documentation. Discrepancies between actual practices and 
approved planslprocedures were resolved and corrective actions for unsatisfactory and non-conforming conditions 
or practices were verified by the Project QAIQC Manager before granting approval to continue work. 
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4.0 Data Analysis 

4.1 DATA EVALUATION 

4.1.1 Analytical Methodology 

Environmental samples collected in support of the background study were analyzed using a suite of USEPA- 
approved methodologies to attain project DQOs, as specified in Work Plan Addendum 10. Site reconnaissance, 
field screening, and analytical methodologies for background markers were used to demonstrate the selected back- 
ground locations did not exhibit contamination from previous facility operations. 

Explosives were selected as background markers because of past practices and chemicals of concern were 
likely to be explosives. A review of potential explosives associated with the installation identified TNT and RDX as 
viable indicator compounds for explosives screening. Explosive immunoassay analyses were conducted for surface 
and subsurface soil samples using USEPA SW-846 methods 4050 and 405 1 .  Results indicated that selected loca- 
tions did not exhibit explosive contamination or were not impacted by previous facility operations associated with 
releases. Specific details associated with field screening activities are presented in Section 3.1.2. 

PID screening was used to monitor organic compounds and relocate the borings as necessary. A PID reading 
above background levels would have necessitated that a boring be relocated. PID readings were not observed above 
background levels in the borings; therefore, no borings were relocated as a result of PID readings. Borings were 
also clustered in '/4- to %-acre groupings to discern potential organic compound contamination. 

USEPA SW-846, 3rd ed., Test Methods for Evaluation Solid Waste, Update I11 (USEPA 1996) were used to 
assess the inorganic soil composition. Trace metals were analyzed using a combination of ICP, graphite furnace 
atomic absorption (GFAA), and CVAA for mercury. Tables 4-1 through 4-7 presents the metals data results, re- 
porting limits for non-detects, and associated validation qualifiers. 

USEPA Contract Lab Program Statement of Work OLM 4.2 (USEPA 1999) methodologies were employed to 
assess the semivolatile and volatile organic characterization of soil locations. Volatile organic compounds (VOCs) 
and semivolatile organic compounds (SVOCs) were analyzed using gas chromatography mass spectrometry. The 
data results and associated validation qualifiers can be found within the validation reports in Appendix B. 

4.1.2 Data Validation and Qualifiers 

Data were validated using the SW-846 method-specific criteria and laboratory SOPS. The Innovative Ap- 
pro~zches to Data Validation for USEPA Region III (USEPA 1995) was used to provide validation qualification 
scheme. Validation reports include a tabular listing of sample IDS, parameters qualified, and specific information on 
why the qualification was performed. Reports are categorized in accordance with sample delivery groups and are 
located in Appendix B. Data qualifiers are included in the data tables as appropriate. Qualifiers that resulted in the 
use of data included the following: 

J -results estimated analyte is present and reported values may not be accurate or precise 
K-results estimated biased high analyte is present and reported values may be biased high 
L -results estimated biased low analyte is present and reported values may be biased low 
B -not detected substantially above the level reported in laboratory or field blanks 
U -results not detected, presented as < reporting limits in data tables 
UJ -results estimated not detected and quantitation limit may be inaccurate or imprecise 
UL-results estimated biased low not detected and quantitation limit is probably higher 
R -results rejected due to quality control issues 

4.1.2.1 Metals Validation Criteria. Laboratory performance criteria were evaluated for inorganics included 
the following. Further discussion may be found in the validation reports in Appendix B. 

Holding times. 180 days for metals and 28 days for mercury. Preservation: Cool, 4°C f 2°C for soil 
samples and cool, 4°C k 2°C and HNOi pH<2 for aqueous samples. 
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Table 4-1 
Background Metals Concentration, 

Braddock Loam 

[Units in mglkg] 

Sample 1D 
Date 
Depth (Inches) 
.Aluminum 
Antimony 
Arsenic 

MMABlA 
8/31/00 

0-10 
5370 

0.6812 
1.9J 

MkIAHZA 
9/6/00 
0-12 

6660 
<7.3L ND 

2.4 

MkIAB3A 
9/6/00 

0-9 

5630 
<h.8L ND 

2.3 

hlMABlB 
813 1/00 
10-48 

11800 
0.68R 

I .2J 

MNlAB4C 
8/31/00 
51-53 

12500 
0.69R 

1.8J 

ILlhlAB4A 
8/31/00 

0-6 
3700 

0.67R 
I .5J 

MMAB3B 
9/6/00 
9-42 

10100 
<7L ND 
3.3 

MMABZB 
9/6/00 
12-60 

16000 
.c7.6L NL) 

3.8 

MMAB4B 
8/31/00 

6-51 

12500 
0.69R 

1.9J 

MMABZBD 
9/6/00 
12-60 

12900 
<7L ND 
3.2 

MMABlC 
8/31/00 
48-84 

15300 
0.67R 

<I.I NQ 



Table 4-2 
Background Metals Concentration, 

Unison Urban Land Complex 

[Units in rng/kgl 



Table 4-3 
Background Metals Concentration, 

Wheeling Sandy Loam 

[Units in mgtkg] 

Saruple ID 
Date 
Depth (Inches) 

Aluininum 
.4ntimony 
Arseiric 
Ha~iurn 
Bei.ylliu~u 
Cadmium 
Calcium 
Chro~nium 
Cobalt 
Coppcr 
Irorl 
Lead 
Magnesium 
Maigancsr 
Mercury 
Nickel 
Potassium 
Seleniurn 
Silver 
Sodiuni 
Tl~alliurn 
Vonadiuni 
Zinc 

bIMA\fr1A 
9/5/00 
0-12 

11 100 
<7.7L ND 

2.6 
130 

0.79 
<0.64 ND 

920 
25.2 
11.9 
11.7 

20100 
12 

2460 
650 

<0.013 ND 
11.5 

1110 
~ 0 . 6 4  ND 
~ 0 . 6 4  ND 
<638 NLI 

2 
36.4 

54.91 

MhlAW2A 
9/6/00 

0-7 

12800 
<7.4L ND 

2.5 
174 

0.93 
<0.62 ND 
7310 

27 
12.3 
13.2 

20500 
15 

5930 
822 

<0.031 ND 
13.2 
1430 

<0.62 NI: 
<0.62 NC 
<616 ND 
<1.2 ND 
37.9 

65.91 

MMA\ir3A 
9/6/00 
0-12 

15400 
<7L ND 
2.7 
150 

0.99 
0.67 
2200 
26.1 
13.1 
13.6 

23800 
13.6 

3020 
776 

<0.039 ND 
13.5 
1360 

<0.58 N1) 
<0.58 ND 
4 7 9  ND 

2 
43.6 

61.IJ 

b1MAW4A 
9/5/00 

0-9 

10300 
<7.IL ND 

1.9 
135 

0.72 
<0.59 ND 
1300 
19. I 
8.1 
7.6 

15600 
14.7 

2370 
2 87 

<0.04 ND 
9.8 

1592 ND 
<0.59 ND 
<0.59 ND 
4 9 2  ND 

1.3 
29.2 

58. I J 

h lhAWlB 
9/5/00 
12-48 

13600 
<7.4L ND 

2.3 
134 

0.87 
0.62 
906 

26 
12.9 
12.3 

22800 
10.6 

3220 
694 

<0.04 ND 
13.4 

1560 
<0.62 ND 
<0.62 NC 
<615 NC 

2.1 
41.4 
641 

MhUW?B 
9/6/00 
7-48 

21600 
<6.8L ND 

3.2 
116 
1.1 

<0.57 ND 
952 
33.6 
17.4 

22 
35900 

13.3 
4750 
627 

0.038 
18.9 

2650 
4 . 5 7  ND 
4 . 5 7  ND 
4 6 6  ND 
<I.I ND 

67 
70.31 

MMA\V3B 
9/6/00 
12-48 

24000 
<7.3L NC 

3.9 
155 
1.1 
1 .  I 

1250 
40.7 
20.9 
25.8 

40700 
16.6 

5850 
77 1 

4 0 4 1  ND 
11.7 
2980 

<0.61 ND 
<0.61 NII 
<608 NC 

3.1 
74 

93.4J 

hlblA\V4B 
9/5/00 
9-42 

16800 
<7.9L ND 

2.2 
100 

0.79 
<0.66 ND 
1030 
27.7 
14.1 
12.2 

27200 
10 

4440 
389 

<0.044 ND 
14.8 

1300 
~ 0 . 6 6  ND 
4 . 6 6  NU 
<655 NC 

2.2 
50.1 

76. IJ 

MMAWIC 
9/5/00 
48-72 

20000 
<6.7L ND 

3.1 
119 

I 
2.5 

1210 
29.8 
15.7 

20 
34100 

11.5 
5570 

546 
<0.037 ND 

18 
2720 

<0.56 ND 
<O.56 NI) 
4 5 9  ND 

2.5 
61 

68 81 

MhfAW2C 
9/6/00 
48-60 

4430 
<6.9L ND 

4.7 
<23 ND 

<0.58 ND 
<0.58 ND 
4 7 6  ND 

I I 
4 . 8  ND 

5 
10100 

10.8 
4 7 6  ND 
47.4 

0.038 
<4.6 ND 
4 7 6  ND 
<0.58 ND 
<0.58 ND 
4 7 6  ND 
<1.2 ND 
23.1 

14.4J 

mIAW2CD 
9/6/00 
48-60 

19900 
<7.4L ND 

15.3 
4 4 . 5  ND 
<0.61 ND 

0.65 
<613 N U  
35.4 
6.8 

21.3 
35500 

23.6 
637 
37.6 

<0.041 ND 
17.2 

~ 6 1 3  ND 
<0.61 ND 
<0.61 NI) 
<613 ND 
<1.2 ND 
75.2 

37.7J 

MMAW3C 
9/6/00 
48-60 

25600 
<7.2L ND 

4 
123 
1.3 
1.2 

1060 
40.2 

20 
27.5 

43900 
16 

5690 
735 

<0.04 ND 
21.6 
2920 
<0.6 ND 
<0.6 ND 
4 9 7  ND 

3.2 
79.5 

84.8J 

MMA\V4C 
9/5/00 
42-72 

22700 
<7.9L ND 

3 .6 
141 
1.2 
1.1 

1200 
34.3 
21.2 
23.7 

39500 
14.3 

6270 
674 

<0.044 ND 
20.8 
2120 

<0.65 ND 
<0.65 ND 
<655 ND 

3.1 
69.7 

76.5J 



Table 4-4 
Background Metals Concentration, 

Groseclose and Poplimento Silt Loam 

[Units in mglkg] 



Table 4-5 
Background Metals Concentration, 

Cat-bo Silty Clay Loam 

[Units in mglkg] 

Sample ID 
Date 
Depth (Inches) 
Alurninum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calciu~n 
Chromium 
Cobalt 
Copper 
Iron 
I .ead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Seleniurn 
Silver 
Sodium 
Thallium 
Vanadium - .  Lrnc 

NRUClA 
8/30/00 

0-11 
6260 
0.7R 
3.43 
24.5 

~ 0 . 5 8  ND 
<0.58 ND 
238J 

14.5L 
8.6J 
6.3J 

19400 
15.4 
280 

231J 
<0.12 ND 

5.9L 
166 

<0.58L ND 
~ 1 . 2  ND 

<I20 ND 
<1.2 KD 

32.6L 
17.23 

NRUC2A 
8/30/00 

0-1 1 
4440 

0.72R 
2.6R 

30 
0.61 
<0.6 ND 
715J 

11.3L 
33.hJ 

4.1J 
10100 

24.7 
448 

482J 
<0.12 NC 
<4.8L 

233 
<O.hL ND 

~ 1 . 2  ND 
<120 NU 
<I.? ND 

19.7L 
15.93 

NKUC34 
8/29/00 

0-10 
20100J 
0.73R 

1.63 
56.7J 
0.873 
<0.61 NC 
1810 
32.2J 
11.4L 

9J 
3 1900J 

11.5 
20400J 

408 
<0.12 ND 

18.1 
2350J 

<O.61L ND 
<1.2 ND 

<I20 ND 
<1.2 ND 

42.5J 
56.3J 

NRUC4A 
8/29/00 

0-7 
5650J 
0.7R 
6.lJ 
<23 ND 

<0.58J ND 
~ 0 . 5 8  ND 
<I20 ND 
22.33 

<5.8L ND 
2.9J 

20400J 
13 

2SOJ 
186 

<0.12 N11 
~ 4 . 7  ND 
291 J 

<0.58L ND 
<1.2 ND 

<120 ND 
<1.2 ND 

26.6J 
10.9J 

NRUClB 
8/30/00 
11-72 

1 1900 
0.79R 

4.9J 
<26 ND 

<0.66 ND 
<0.66 ND 
280J 

27.2L 
<6.6J ND 
16.8J 

3 5 800 
11 

219 
58.23 
~ 0 . 1 3  NC 

12.7 
180 

<0.66L ND 
<1.3 ND 

<I30 ND 
~ 1 . 3  ND 

66.8L 
29.8J 

NRUC2B 
8/30/00 
11-72 

16600 
0.76R 

4.8B 
48.1 

3.4 
<1.3 ND 

1860J 
47.6L 
89.1J 
21.5J 

39400 
28 

2150 
205 J 

4 . 1 3  ND 
44.8 
618 

<1.3L ND 
~ 2 . 6  ND 

<I30 ND 
<1.3 ND 

68.91 
28.4J 

NRUC3B 
8/29/00 
10-18 

21 100J 
0.73R 

1.2J 
45.5J 
0.91J 
~ 0 . 6 1  ND 
25700 
31.2J 
10.3L 
11.8J 

28400J 
3.5 

48100J 
308 

~ 0 . 1 2  ND 
21.5 

53903 
<3.1L NI) 

~ 1 . 2  ND 
148 

<1.2 ND 
38.3J 
40.8J 

NRUC4B 
8/29/00 

7-30 
1 OOOOJ 
0.73R 

2.6J 
<24 NC 

<0.61J ND 
<0.61 ND 

244 
14.5J 

<6.1L ND 
5.93 

17300J 
6.6 

279J 
3 3 

0.12 
~ 4 . 8  NU 
402J 

<0.61L ND 
<1.2 ND 

<120 ND 
<1.2 ND 
223 

7.4J 

NRUC4C 
8/29/00 
30-48 

12200J 
0.76R 

3.9J 
<25 ND 

<0.64J ND 
~ 0 . 6 4  ND 

140 
19.2J 

<6.4L ND 
9.7J 

252003 
8 

326J 
36.4 

<0.13 ND 
7.8 

473J 
<0.64L ND 

4 . 3  ND 
<I30 ND 
4 . 3  ND 

34.3J 
9.8J 
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Table 4-6 
Background Metals Concentration, 

Lowell Silt Loam 

[Units in rnglkg] 

S;nnplr ID 
Date 
Depth (loches) 
Alu~i~inu~n 
Ailrilr~cmy 
Arsenic 

NRULI.4 
8/29/00 

0-12 
5740 

0.66R 
3.8J 

NRUL2A 
8/30/00 

0-12 
10800 
0.69R 

5.IB 

NRULJA 
8/29/00 

0-9 
16000 

<0.721- ND 
3.7J 

NRUL4A 
8/29/00 

0-10 

6750 
<0.69L NL' 

9.3J 

NRULlR 
8/29/00 
12-42 

12500 
0.71R 

2.7J 

NRULZR 
8/30/00 
12-33 

13200 
0.7 1R 

6.9J 

NRlJL2BD 
8/30/00 
12-33 

10300 
0.71R 

4.7B 

NRUL3B 
8/29/00 

9-75 
24800 

<0.86L ND 
3.1J 

NRUL4B 
8/29/00 
10-38 

6580 
<0.67L N13 

5.7J 

NRUL4BD 
8/29/00 
10-38 
7380 

<0.67L ND 
7.IJ 

NRULlC 
8/29/00 
42-55 

26600 
0.71R 

2.5J 

NRULZC 
8130100 
33-60 

20500 
0.75R 

4.2B 

NRUL3C 
8/29/00 
75-90 

32800 
<0.84L ND 

3.7J 

- 
NRUL4C 
8/29/00 
38-60 

12100 
<0.7L NU 

3.2J 



Table 4-7 
Background Metals Concentration, 

Wurno-Newbern-Faywood Silt Loam 

[Units in rnglkg] 

SnmpleID 
1)ate 
Depth (Inches) 
.4lu1ninu1n 
Antin~ony 
AI-sznic 
I3a1iu1n 
Beryllium 
::admiurn 
Calcium 
Chrorni~~m 
Cobalt 
Col'pe~ 
Iron 
Lead 
Magne~iurn 
Manganese 
Mercury 
Nickel 
Polassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

NRUWlA 
8/30/00 

0-7 

5450 
0.7R 

2J 
36.4 

~ 0 . 5 8  N U  
<0.58 ND 
808J 

22.5L 
10.21 
2.91 

22900 
17.1 
6'90 

445J 
<0.12 ND 
<4.7L ND 

29 1 
<0.58L ND 

<1.2 ND 
<I20 ND 
<1.2 NC 

39.IL 
27.9J 

NRU\\'3A 
8/29/00 

0-10 

3620 
<0.7L ND 

2.3J 
< 2 3 N D  

<0.59L ND 
<0.59 ND 

426 
6.3J 

<5.9L ND 
3.3J 

7470 
10.3L 
363L 
91.7 

<0.12 ND 
<4.7 NC 
366 

<0.59 NU 
~ 1 . 2  ND 

<I20 ND 
<1.2 N1) 
12.2J 
14.9 

NRUW2A 
8130100 

0-9 

14600 
0.72R 

7.6J 
60.8 

1.2 
<1.2 ND 

l l80J 
53.3L 
45.4J 

8.5J 
63000 

26.8 
8080 

1860J 
~ 0 . 1 2  ND 

16.8 
1990 

<1.2L ND 
<2.4 ND 

<I20 NI) 
<1.2 ND 
l0lL 
56.2J 

NRLiMJ4A 
8/29/00 

0-10 

8100 
<0.73L ND 

3J 
75.3 
1.5J 

<0.61 ND 
1140 

25.7J 
26.3J 
5.lJ 

33700 
28.8L 
1080L 
2040 

<0.12 ND 
7.9 

587 
4 . 6 1  NC 
<1.2J ND 
<I20 ND 
4 . 2  ND 

48. I J 
35.4 

NRUWlB 
8130100 

7-38 

14900 
0.75R 

1.6J 
43.1 
0.93 

~ 0 . 6 3  ND 
7171 
3 0L 
8.7J 
9.1J 

32300 
6.5 

1300 
240J 

<0.13 ND 
11.6 
469 

<0.631. ND 
<1.3 ND 

<I30 ND 
<1.3 ND 

51.3L 
16.9J 

NRUW2U 
8130100 

9-28 

17300 
0.74R 

2.8B 
40.1 

<0.62 NU 
<0.62 ND 
10501 

30L 
~ 6 . 2  ND 
8.11 

31600 
5.7J 

55701 
188L 

<0.12 ND 
11.7 

1600L 
<0.62L ND 

<1.2 ND 
123 

<I.? ND 
53.61 
20.7J 

NRUW3R 
8/29/00 
10-34 

10800J 
0.74R 

3 
28.53 

<0.61J ND 
<0.61 ND 

330 
14.4J 

<6.1L ND 
9J 

17300J 
8.4 

860J 
33.2 

<0.12 ND 
7 

676J 
<0.61L ND 

<1.2 ND 
<120ND 
<1.2 ND 

29. I J 
11.8J 

NRUU'4B 
8/29/00 
10-31 

14500 
<0.74L ND 

2.XJ 
36.2 

0.7XJ 
<0.62 NU 

412 
30.3J 

6.2J 
15.7J 

35300 
6.7L 

1780L 
121 

<0.12 ND 
17.3 
1260 
<1.2 ND 
<1.2 NI) 
<120ND 
<1.2 ND 
53J 

7-7.8 

NRU\VlC 
8/30/OU 
38-48 

3 3 x 0  
0.79R 

I .9J 
164 
2.1 

<1.3 ND 
3540J 
48.9L 
13.4J 
2 9 3  

44100 
2.1 

51300 
359J 

<0.13 ND 
43.1 
5670 

<1.3L ND 
4 . 6  ND 

<130ND 
<1.3 ND 

77.6L 
69.8J 

NRUW2C 
8/30/00 
28-48 

29700 
0.79R 

<1.3 ND 
63.2 
1.3J 

<0.66 ND 
54303 
50.9L 

12.2 
38.71 

42800 
4.5J 

427003 
284L 
<0.13 ND 

33.6 
6120L 

<0.66L ND 
<1.3 ND 
130 

<1.3 ND 
61.2L 

57J 

NRUW3C 
8/29/00 
34-45 

10200J 
0.73R 
10.7J 
46.6J 

5.4J 
d . 6 1  ND 

709 
26J 
130 

12.3J 
18500J 

12.6 
10600J 

419 
<0.12 ND 

51.1 
18701 

<0.61L ND 
<1.2 ND 
<I20 ND 
<1.2 ND 

22.3J 
33.7J 

NRUW4C 
8/29/00 
31-46 

16700 
<0.8L ND 

2.2J 
35.4 
1.4J 

<0.66 ND 
149 

27.2J 
7.6J 

26.33 
40600 

6.8L 
7070L 

68.3 
0.19 
29.2 

4630 
<3.3 ND 
4 . 3  ND 

<I30 NL' 
<1.3 ND 

62.8J 
34.2 

NRUW4CD 
8/29/00 
31-46 

18500 
<0.8L ND 

2.3J 
32.6 
1.4J 

<0.66 ND 
243 

28.3J 
27.JJ 
27.9J 

42200 
8.2L 

8270L 
187 

0.16 
29.6 
5600 
<3.3 ND 
4 . 3  ND 
151 

4 . 3  ND 
65.3J 
35.8 



Initial and continuing calibration. Performed at the beginning of sample analysis and at a fre- 
quency of 10% or every 2 hours to assess calibration frequency and accuracy. MRL standards were 
evaluated for ICP and for CVAA. Concentration was evaluated at 2 times the greater of MRL or 
MDL for analytes (except Al. Ba, Ca, Fe, Mg, Na, and K) at the beginning and at the end (for ICP) of 
a sample run or a minimum of twice per 8 hours. For GFAAICVAA, concentration was evaluated at 
the MRL at the beginning of the run. Recovery range was evaluated between 90% and 110%. 

Blanks assessment. Evaluated to assess the existence and magnitude of contamination problems. No 
contaminant should be detected in the blank > the MRL. Sample values < five times (5x) the maxi- 
mum concentration detected in the QC blanks and > the MRL were qualified "B." 

ICP Interference Check Sample. Verified interelement and background correction factors. Inter- 
ference check samples run at the beginning and end of each sample analysis run with control limits 
between 80% and 120%. 

Matrix spike sample analysis. Designed to provide information about the effect of each sample ma- 
trix on the sample preparation procedures and the measurement methodology. The spike recoveries 
must be within 75%-125% or established recoveries, with the exception of samples that have concen- 
trations exceeding the spike concentration by a factor of four or more. When MS recovery limits are 
not met, a post-digestion spike addition should produce a minimum level of 10 to 100 times the MDL. 

Duplicate sample analysis. Demonstrated acceptable method precision by the laboratory at the time 
of analysis. Duplicate analyses are also performed to generate data in order to assess the long-term 
precision of the analytical method on various matrices. A control limit of 20% RPD was used. 

Laboratory Control Samples. Monitored overall performance of each step during the analysis, in- 
cluding the sample preparation. Solid LCS results must fall within the established limits, depending 
upon the LCS lot standard used. 

ICP serial dilution. Assessed whether or not significant physical or chemical interferences exist due 
to sample matrix during ICP analysis. If the analyte concentration in the original sample is a factor of 
10 above MDL, then an analysis of a 5-fold dilution should agree within 10% difference of the origi- 
nal result. 

Calculation verification. The percent difference (%D) between calculated and reported results 
should be <lo%. Samples below the MRL and above the MDL were qualified "J," estimated. 

4.1.2.2 VOC Validation Criteria. Laboratory performance criteria evaluated for VOCs included the fol- 
lowing. Further discussion may be found in the validation reports in Appendix B. 

Holding times. 13 days for VOCs. Preservation: Cool, 4°C k 2°C for soil samples and cool, 4°C + 
2°C and HCI pH<? for aqueous samples. 

Initial calibration. Performed at the beginning of sample analysis to assess calibration frequency and 
accuracy. Compliance requirements for satisfactory instrument calibration were established to ensure 
that the instrument used was capable of producing acceptable qualitative and quantitative data for 
volatile target compounds. Initial calibration demonstrates that the instrument was capable of accept- 
able perforrrlance in the beginning of the analytical run and of producing a linear calibration curve. 
The minimum relative response factor (RRF) must be 20.05.  Percent relative standard deviation 
(%RSD) must be 5 15% for each target compound and must be 2 30% for each calibration check 
compound. 

Continuing calibration. Compliance requirements for satisfactory instrument calibration are estab- 
lished to ensure that the instrument used was capable of producing acceptable qualitative and quanti- 
tative data for volatile target compounds. Continuing calibration establishes the 12-hour relative 
response factors on which the cluantitations are based ancl checks satisfactory performance of the in- 
strunlent on a day-to-day basls. The '%D between the initial calibration RRF and the continuing cali- 
bration RRF must be within 20% for target compounds. 
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Blanks assessment. The purpose of blank analyses was to identify the presence and magnitude of 
contamination problems resulting from field (rinse blanks) and laboratory activities. A method blank 
analysis must be performed after the calibration standards and once every 12-hour time period begin- 
ning with the injection of bromofluorobenzene (BFB). No contaminants should be detected in the as- 
sociated blanks > MRL. Positive sample results were reported and qualified "B" if the concentration 
of the compound in the sample was 1 10 times (lox) the maximum amount in a blank for the common 
laboratory contaminants methylene chloride, acetone and 2-butanone, or 5 times (5x) the maximum 
amount for other volatile target compounds. 

Instrument performance check. The analysis of the instrument performance check solution was 
performed at the beginning of each 12-hour period during which samples are analyzed. 'The instru- 
ment performance check solution, BFB, must meet the specified ion abundance criteria. 

Matrix spike a n d  spike duplicate sample analysis. Designed to provide information about the ef- 
fect of each sample matrix on the sample preparation procedures and the measurement methodology 
as well as acceptable method precision by the laboratory at the time of analysis. The spike recoveries 
must be within established limits, with the exception of samples that have concentrations exceeding 
the spike concentration by a factor of four or more. Matrix spike duplicate analyses arc also per- 
formed to generate data in order to assess the long-term precision of the analytical method on various 
matrices using RPD. RPD recoveries must be within established limits. 

Laboratory control samples. Monitored overall performance of each step during the analysis, in- 
cluding the sample preparation. LCS results must fall within the established recovery limits. 

System monitoring compounds (Surrogates). Laboratory performance on individual samples is 
established by means of spiking activities. The system monitoring compounds were added to the 
samples and blanks to measure their recovery. %Rs must be within the specified control limits. 

Internal standards. Internal standards performance check ensures that gas chromatography/mass 
spectroscopy (GCIMS) sensitivity and response are stable during each analytical run. Specitic criteria 
include area count of -50% to +loo% and retention time of k 30 seconds from the associated calibra- 
tion standards. 

Calculation verification. The %D between calculated and reported results should be < 10%. Sam- 
ples below the MRL and above the MDL were qualified "J," estimated. Tentatively identified com- 
pounds (TICS) were qualified as estimated "J". 

4.1.2.3 SVOC Validation Criteria. Laboratory performance criteria evaluated for SVOCs included the fol- 
lowing. Further discussion may be found in the validation reports in Appendix B. 

Holding times. 7 days to extract/40 days analysis for aqueous and 14 days to extract140 days analysis 
for soils for SVOCs. Preservation: Cool, 4°C k 2°C for soil and aqueous samples. 

Initial calibration. Performed at the beginning of sample analysis to assess calibration frequency and 
accuracy. Compliance requirements for satisfactory instrument calibration were established to ensure 
that the instrument used was capable of producing acceptable qualitative and quantitative data for 
compounds on tht: senlivolatile TCL. Initial calibration demonstrates that the instrument was capable 
of acceptable performance in the beginning of the analytical run and of producing a linear calibration 
curve. The minimurn RRF criteria must be 10.05.  Initial calibration %RSD must be 1 15% on the 
average for conlpounds (5  30% for continuing calibration checks). 

Continuing calibration. Compliance requirements for satisfactory instrument calibration are estab- 
lished to ensure that the instrument used was capable of producing acceptable qualitative and quanti- 
tative data for senlivolatile target compounds. Continuing calibration standards containing both target 
and surrogates compounds are analyzed at the beginning of each 12-hour analysis period following 
the analysis of the instrument performance check and prior to the analysis of blanks and samples. The 
minimum RRFs for semivolatile target compounds and surrogates must be 10.05.  The %D between 
the initial calibration RRF and the continuing calibration RRF must be within 5 20% for target com- 
pouncls. 
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Blanks assessment. The purpose of blank analyses was to identify the presence and magnitude of 
contamination problems resulting from field (rinse blanks) and laboratory activities. A 
methodlextraction blank analysis must be performed after the calibration standards and once every 12- 
hour time period beginning with the injection of decafluorotriphenylphosphine (DFTPP). No con- 
taminants should be detected in associated blanks > MRL. Positive sample results were reported and 
qualified "B" if the concentration of the compound in the sample was 5 10 times (lox) the maximum 
amount in a blank for the common laboratory contaminants phthalate esters, or 5 times (5x) the 
maximum amount for other semivolatile target compounds. 

Instrument performance check. The analysis of the instrument performance check solution was 
performed at the beginning of each 12-hour period during which samples are analyzed. The instru- 
ment performance check solution, DFTPP, must meet the specified ion abundance criteria. 

Matrix spike and  spike duplicate sample analysis. Designed to provide information about the ef- 
fect of each sample matrix on the sample preparation procedures and the measurement methodology 
as well as acceptable method precision by the laboratory at the time of analysis. The spike recoveries 
must be within established limits, with the exception of samples that have concentrations exceeding 
the spike concentration by a factor of four or more. Matrix spike duplicate analyses are also per- 
formed to generate data in order to assess the long-term precision of the analytical method on various 
matrices using RPD. RPD recoveries must be within established limits. 

Laboratory Control Samples. Monitored overall performance of each step during the analysis, in- 
cluding the sample preparation. LCS results must fall within the established recovery limits. 

System Monitoring Compounds (Surrogates). Laboratory performance on individual samples is 
established by means of spiking activities. The system monitoring compounds were added to the 
samples and blanks to measure their recovery. %Rs must be within the specified control limits. 

Internal  Standards. Internal standards performance check ensures that GC/MS sensitivity and re- 
sponse are stable during each analytical run. Specific criteria include area count of -50% to + 100% 
and retention time of* 30 seconds From the associated calibration standards. 

Calculation verification. The %D between calculated and reported results should be < 10%. Sam- 
ples below the MRL and above the MDL were qualified "J." estimated. TICS were qualified as esti- 
mated "J". 

4.1.3 Data Grouping 

An iterative screening approach was used to identify inorganic elements that would be included in the statisti- 
cal evaluation. This preliminary screening was designed to ensure the adequacy of data grouping within both the 
MMA and NRU. 

Macronutrients were eliminated because these elements generally are not risk drivers and have associated av- 
erage daily intakes. Elements classified as macronutrients included calcium, magnesium, potassium, and sodium. 
Data were then reviewed from each area to discern elements that were not detected above the MRL. A target value 
of 80% was used to eliminate analytes that were not detected in the samples. 

Further retinernent of the data screening process yielded additional elements that were eliminated. These ele- 
ments were detected either once or twice across the respective soil type. Additional rationale was integrated into the 
decisionmaking process to validate initial assumptions. For example, mercury was detected twice (0.07, 1.2 mglkg) 
within the MMA Braddock Loam surface soil type. Because the mercury concentration for the Braddock Loam soil 
in the Eastern United States is in the range 0-1.2 mglkg, the decision to eliminate mercury from the background 
evaluation was verified. A comparison of surface and subsurface soil concentrations within the MMA and NRU 
against the Eastern U.S. is presented in Appendix E. Additionally, graphical presentiltions for the distribution of 
mean soil concentrations within MMA and NRU soil types are included in Appendix E. 

The coefficient of variation (CV), defined as the standard deviation divided by the mean, was used to evaluate 
the data variability for element distribution across soil types. Although CVs were not applied i n  the screening proc- 
ess, these values were used for comparison purposes. Elements with CVs less than 1.00 were combined into one 
data grouping. Elements with CVs greater t l i ~ i n  I .OO were further evaluated to address the causes of variability. 
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4.2 STATISTICAL APPROACH 

The statistical approach designed for RFAAP is depicted graphically in Figure 4-1. Equations associated with 
specific tests are presented in Table 4-8. Frequency of detects were calculated by element grouped within the MMA 
and NRU in accordance with Figure 4-2. Statistical criteria were established in conjunction with the percentage of 
calculated non-detects. 

Elements that contained non-detects at a frequency greater than 80 percent were eliminated from further proc- 
essing. These elements were not evaluated because no meaningful statistic can be generated from data sets that 
contain a large percentage of non-detected values. Additionally, one-half the reporting level was used as the con- 
centration for non-detects. 

Elements that contained non-detects at a frequency less than 50% were first evaluated using the Shapiro-Wilk 
test. Data sets from the MMA and NRU were individually tested to assess whether they were normally distributed. 
When the data sets did not follow a normal distribution, data points were log transformed and the Shapiro-Wilk test 
was used to assess whether the data were lognormally distributed. When data from both the MMA and NRU were 
both normally distributed, the F-test was applied to assess whether there was a statistical difference between the 
variances of the two groups. When data from both the MMA and NRU were both lognormally distributed, then the 
F-test was applied to the log transformed data. When the elements from the MMA and NRU had different distribu- 
tions or did not pass either the normal and lognormal distribution test, the Mann-Whitney U test was used to assess 
the statistical significance between the data sets. 

Results from the F-test were used to assess the appropriate Student's t-test. For example, when the variances 
were found to be similar, the Student's t-test was calculated using equal variances. Conversely, t-tests were calcu- 
lated using unequal variances when the F-test demonstrated that the variances between the data sets were not simi- 
lar. 

The Student's t-test was used to assess statistical differences between the means of the data groups. No statis- 
tical differences between the means of the two groups demonstrated that the data could be combined into one set. 
Statistical differences between the group means would necessitate the use of separate background comparison values 
for each area. 

Statistical comparisons were performed separately for surface and subsurface soil samples within the MMA 
and NRU in accordance with Work Plan Addendum No. 10. The decision to segregate the data by surface versus 
subsurface soil took into account the treatment of background concentrations during risk assessment activities. For 
example, surface soil samples directly impact ecological risk management decisions, whereas subsurface soils are 
factored heavily into human health risk decisions. 

Table 4-9 presents the statistical summary for elements evaluated in the surface soil. The output from the sta- 
tistical comparisons is included as Appendix F. Thallium results were reassessed and eliminated because there were 
not enough detected results to demonstrate statistical significance. Although thallium was detected in 4 of 12 Sam- 
ples in the MMA, there were no detections of thallium in the 16 samples for the NRU. Therefore, the statistical 
comparison between the groups could not be performed. The Shapiro-Wilk test was used to assess the distribution 
of elements. Seven of the remaining thirteen inorganic surface soil elements (Figure 4-2) passed the test for nor- 
mality or lognormality, including: 

Aluminuln 
Chromium 
Copper 
Iron 
Manganese 
Vanadium 
Zinc 
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Figure 4-1 

Statistical Approach for Radford Backgound Study 
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Figure 4-2 

Element Screening Process 
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Table 4-8 
Statistical Test 

,: Population does not have a normal 
W < W,,,,, reject H,, and accept Ha ognormal) distribution 
W >= W",,,, accept Ho and reject H, 

H,: Populations have unequal variances 

F ,,,, < F,.,;,;,.,,, 0.05 reject H, n ~ l c l  accept H ,  

F,,,, 2 F,,,,;r.al, 0.05 accept H,, and reject H ,  

sz2 = sample variance from Population 2 

n = number of data points in Population "i" 

x,= i~idividual data value in Population "i" 

X = arithmetic mean for data in Population "i" 

Fc,,ic,l, , 0 5  = F statistic at the 0.05 significance level 



Table 4-8 (Continued) 

H,: Populations have unequal means 

TICS, < T nl+n2.2.0.9J reject Hg and accept Ha 
T,,sl >= Tnl+n2.2,095 accept Ho and reject H, 

s = estimated pooled standard deviation 
n ,  = number of data points in group 1 
nz = number of data points in group 2 
x, = arithmetic mean from group 1 
.x? = arithrrietic mean from group 2 
s ,  = standard deviation from group I 
s2 = standard deviation Liom group 2 

H,: Populations have unequal medians 

"When two or more observations have exactly the 
same value, the rank assigned to each of the tied 
ranks is the mean of the ranks that would have 
been assigned to these ranks had they not been 
tied. For example, if the 2 values tied on the 
third rank, then each value would be assigned a 
rank of 3.5 [(3+4)/2]. 

U < U0,,~, reject HI, and accept H, 
U >= UoO5 accept Ho and reject Ha 

1 1 ,  = number of data points in group 1 
n2 = number of data points in group 2 
K, = sum of the ranks of the data points in group 1 * 
ou = standard error of the U distribution 
p, = mean of the U distribution 
ti = number of ties in a group of tied values 
U = Mann Whitney test statistic 
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Table 4-8 (Continued) 

= arithmetic mean 

tuVS,l,.l = student t distribution value 

s = arithmetic standard deviation 

n = number of data points 

y = arithmetic mean of the In transformed data 

s: = arithmetic variance of the In transformed data 

Hu.9j = value used to compute one-sided confidence limit on a log- 
normal mean 

n = number of data points 

.X = arithmetic mean of the background concentration 
s = arithmetic standard deviation 



Table 4-8 (Conthucd) 

x = arithmetic mean of the background concentration 
s = arithmetic standard deviation 
&).9i,o.9j = factor for estimating the 95 percent confidence 

limit for the 95Ih quantile (Gilbert, 1987; Table A-3) 

y = arilhmelic mean of the log-transformed data, y = In(x) 

n = number of data points 
Zo,9j = upper 95% limit from a standard normal curve for a Z 
distribution [ I  .645] 

U = rauk in  an ascending order dala se1 that corresponds to 
the one-sided 95% confidence lirnit on the median 

F(U) = U rounded up to an integer (e.g., 24.2 is 25) 



./ 

Table 4-8 (Continued) 

u = p ( T Z  + I ) + zo, [np (1 - l j~11 '2  

p = arithmetic mean 
n = number of data points 
Zn.ss = upper 95% limit from a standard normal curve for a Z distri- 

U = rank in an ascending order data set that corresponds to the one- 
sided 95% confidence limit on the median 

F(U) = U rounded up to an integer (e.g., 21.2 is 2 5 )  



Table 4-9 
Surface Soil Statistical Summary 

(3) MMA = Main Manufacturing Area 
(b) NRU = New River Unit 
(c) T-Test - Normal = F and T-test using the data 

T-Test - Lognormal = F and T-test using the log transformed data 
MMU = Mann Wllitney U test using the data 

(d) Same = Indicates that there is not a statis~ically significant difference between the MMA and NRU groups based on a 5% significance level. 
Different = Indicates that there is a statistically significant difference between the MMA and NRU groups based on a 5% significance level. 

Conipound 

Aluniinum 
Arsenic 
Barium 
Beryllium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Nickel 
Vanadium 
Zinc 

Distribution 

hlhlA (a) 

Lognormal 
Neither 
Normal 
Neither 
Lognormal 
Normal 
Normal 
Lognormal 
Neither 
1,ognormal 
Neither 
Lognormal 
Lognormal 

NRU (b) 

Lognormal 
I ,ognormal 
Lognormal 
Neither 
Lognormal 
Lognormal 
Normal 
Lognormal 
Lognormal 
Lognormal 
Neither 
Lognormal 
Lognormal 

Detected compounds 
Test 

TY pe 

(c) 
T-Test - Lognormal 

MMU 
MMU 
MMU 

T-Test-Lognormal 
MMU 

T-Test - Normal 
T-Test - Lognormal 

MMU 
T-Test - Lognormal 

MMU 
T-Test - Lognormal 
T-Test - Lognormal 

MMA (12) 

12 
12 
10 
5 
12 
7 
11 
12 
12 
12 
7 
12 
12 

NRU (16) 

16 
16 
14 
10 
16 
13 
15 
16 
16 
16 
10 
16 

16 

F-test 

Variances 

Similar 

Yes 
- - - - - - - - 
- - - - - - - - 
---- - - - - 
Yes 
---- - - - - 
Yes 
Yes 
- -- - - - - - 
Yes 
---- - - - - 
Yes 
Yes 

p-Value 

0.30 
- - -- - - - - 
- - - - - - - - 
---- - - - - 

0.14 
---- - - -- 
0.074 
0.23 
- - - - - - - - 
0.40 
---- - - - - 
0.087 
0.062 

T-test 

Means 

Similar 

Yes 
- - - - - - - - 

- -- - - - - - 
---- - - - - 
Yes 
- ---- -- - 

Yes 
No 
- - - - - - - - 

Yes 
---- - - - - 

Yes 
Yes 

Final result 

MMA = NRU 

(d) 
Same 
Same 

Different 
Sarrie 
Same 

Different 
Same 

Different 
Same 
Same 
Same 
Same 
Same 

p-Value 

0.46 
- - - - - - > 
- - - - - - > 
---> - - - 
0.098 
--- - - - > 
0.058 
0.021 
- - - - - - > 
0.33 
--- - - - > 
0.051 
0.10 

Mann Whitney 

Means 

Similar 
==== 

Yes 
No 
Yes 

==== 

No 
==== 
==== 

Yes 
==== 

Yes 
==== 
==== 

p-Value 
=== > 
0.086 
0.017 
0.18 
===> 
0.037 
=== > 
===> 
0.097 
===> 

0.38 
=== > 
===> 



The F-test was used to assess that the Student's t-test for elements with similar variances could be used for the 
elements with the exception of copper. The Student's t-test for unequal variances was used for copper. T-test re- 
sults indicated that the following elements were similar as indicated by the test result being greater than the 0.05 
significance level (p): 

Aluminum 
Chromium 
Copper 
Iron 
Manganese 
Vanadium 
Zinc 

The Mann Whitney U test was used to assess whether there was a statistically significant difference between 
the means for elements with distributions that were neither normal nor lognormal or in cases where each data set 
exhibited a different distribution (e.g., one set normal, the second set lognormal). Elements that were evaluated in- 
cluded: 

Arsenic 
Barium 
Beryllium 
Cobalt 
Lead 
Nickel 

Barium, cobalt, and iron were the three elements that were demonstrated to be statistically significantly 
different. The significance levels for barium and iron were both 0.02. The significance level for cobalt was 0.04. 
An evaluation of the test results indicated that there was no statistical difference between the means for 77% (10 out 
of 13 elements) at a 0.05 significance level. The elements were further evaluated at the 0.02 significance level, and 
the 13 elements indicated that there was no statistically significant difference between the means. Because 85% of 
the elements were statistically similar at the 0.05 significance level and the remaining elements were statistically 
similar at the 0.02 significance level, MMA and NRU results will be combined to obtain one background surface 
soil data set. 

Table 4-10 presents the statistical summary for elements evaluated in the subsurface soil. The output from the 
statistical comparisons is included as Appendix F. The Shapiro-Wilk test was used to assess the distribution of 
elements. Ten of the 13 subsurface elements (Figure 4-2) passed the test for normality or lognormality and 
included: 

Aluminum 
Arsenic 
Chromium 
Cobalt 
Copper 
Iron 
Manganese 
Nickel 
Vanadium 
Zinc 

The F-test was used to assess whether there was a statistical significance between the variances for each 
element. The F-test indicated that the variances were similar for aluminum. chromium, cobalt, copper, iron, 
manganese. and nickel while the variances were different for arsenic, vanadium, and zinc. The Student's t-test for 
equal variances was used for the elements that were similar using the results From the F-test while the Student's t- 
test for unequal variances was used for the elements that were different. The Student's t-test (equal and unequal 
variances) results indicated that the following elements did not have a statistically significant difference between the 
means: 
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Table 4-10 
Subsurface Soil Statistical Summary 

(3) MMA = M a ~ n  Manufacturing Area 
(b) NRU = New River Unit 
(c) T-Test - Normal = F and T-test using the data 

T-Test - Lognormal = F and T-test using the log transformed data 
MMU = Mann Whltney U test using the data 

(d) Same = Indicates that there is not a statisiically significant difference between the MMA and NRU groups based on a 5% significance level. 
Different = Indicate5 that there is a statistically significant difference between the MMA and NRU groups based on a 5% significance level. 

Cor~lpound 

A l u ~ n ~ n u ~ n  
Arsenlc 
Bar~um 
Beryllium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Nickel 
Vanadlum 
Zinc 

Distribution 

MMA (a) 

Lognormal 
Lognormal 
Normal 
Neither 
Lognormal 
Lognormal 
Normal 
Normal 
Ne~ther 
Lognormal 
Lognormal 
Normal 
Lognormal 

NRU (b) 

Lognormal 
Lognormal 
Neither 
Neither 
Lognormal 
Lognormal 
Normal 
Normal 
Lognormal 
Lognormal 
Lognormal 
Normal 
Lognormal 

rq 

Test 

TY pe 

(c) 
T-Test - Lognormal 
T-Test - Lognormal 

MMU 
MMU 

T-Test - Lognormal 
T-Test - Lognormal 

T-Test-Normal 
T-Test - Normal 

MMU 
T-Test - Lognormal 
T-Test - Lognormal 

T-Test - Normal 
T-Test - Lognormal 

Detected compounds 
F-test 

Variances 

MblA (22) 

22 
20 
19 
11 
22 
16 
22 
22 
22 
22 
22 
22 
22 

Similar 

Yes 
No 

- - - - ---- 

- - - - - - - - 
Yes 
Yes 
Yes 
Yes 
- - - - - - - - 
Yes 
Yes 
No 
No 

NRU (29) 

29 
28 
20 
14 
29 
21 
29 
29 
29 
29 
24 
29 
29 

p-Value 

0.37 
< 0.001 
- - - - ---- 
- - - - - - - - 
0.26 
0.37 
0.43 
0.059 
- - - - - - - - 
0.37 
0.13 
0.046 
0.034 

T-test 

Means 

Similar 

No 
Yes 
- -- - ---- 

- - - - - - - - 
Yes 
Yes 
Yes 
Yes 
- - - - - - - - 
Yes 
Yes 
No 
No 

Final result 

MMA = NRU 

(d) 
Different 

Same 
Different 

Same 
Same 
Same 
Same 
Same 

Different 
Same 
Same 

Different 
Different 

p-Value 

0.008 
0.2 
- - - ---> 
- - - > -- - 
0.32 
0.37 
0.15 
0.29 
- - - > - - - 

0.1 I 
0.22 
0.005 

< 0.001 

Mann Whitney 

Means 

Similar 
==== 
==== 

No 
Yes 

==== 
==== 
---- - - - - 

---- - - - - 

No 
==== 
==== 
==== 

==== 

p-Value 
=== > 
=== > 

< 0.001 
0.37 
=== > 
===> 
--- - - - > 
- --- - - > 
0.007 
=== > 
=== > 
===> 
===> 



Arsenic 
Chromium 
Cobalt 
Copper 
Iron 
Manganese 
Nickel 

Aluminum, vanadium, and zinc results from the Student's t-test indicated there was a statistically significant 
difference between the means at a 0.05 significance level. The significance levels for aluminum, vanadium, and 
zinc were 0.008, 0.005, and <0.001, respectively. 

The Mann Whitney U test was used to assess whether there was a statistical significance difference between 
the means for elements: 

Barium 
Beryllium 
Lead 

Beryllium was the one element from this group that exhibited no statistically significant difference between the 
groups based on the Mann Whitney U test results with a 0.05 significance level. The significance levels for barium 
and lead were <0.001 and 0.007, respectively. 

Test evaluation results indicated that there was no statistically significant difference between the means for 
62% of the elements (8 out of 13) at a 0.05 significance level. For the remaining five elements, the means were 
higher for the MMA as compared to tht: NRU. Because the majority of the elements were statistically similar at the 
0.05 significance level, MMA and NRU results will be combined to obtain one background subsurface soil data set. 

Beryllium was found to be the sole element from this group that was statistically similar based on Mann 
Whitney U test results. 

Test evaluation results suggested that there was no statistical difference between the means for 62% of the 
elements. Since the majority of these elements are statistically similar, the MMA and NRU results will be combined 
to obtain one background subsurface soil data set at the site. Cadmium, mercury, and thallium were the elements 
that were non-detected in the data combination for NRU subsurface soils. Although these three elements were not 
statistically tested, 95%UCLs were calculated based on available data. 

Point estimate values were used to represent the background concentration for future comparisons between site 
and background data. The 95 percent upper confidence limit (UCL) was selected as the statistic to assess back- 
ground point estimate values. The requisite equation for determining the point estimate for the background value is 
based on distribution of the combined data set. 

Point estimates were established for the I3  elements from the analysis of the surface and subsurface soil data 
sets. Cadmium, mercury, and thallium were not detected in the NRU subsurface soil data set: however, the com- 
bined data set contains greater than 20 percent detects. Since the subsurface soil data sets were combined, point 
estimates were also established for these three elements. 

4.3 CONFIDENCE LIMITS 

The Shapiro-Wilk test was used to assess the distribution of the combined data. When the combined data set 
(MMA and NRU) passed the test for normality, the equation for 95% UCL for normal distributions was used. When 
the combined data set was lognormal, the 95% UCL for lognormal distributions was used. When the combined data 
set did not pass either test or the initial distributions were not normally or lognornially distributed, the 95% UCL 
based on a nonparametric distribution was calculated. (Refer to Table 4-8 for 95% UCL equations.) Background 
95% UCLs for surface soil values are presented in Table 4-1 1 and subsurface soil samples are presented in Table 4- 
12, including the associated distribution for combined data. The output for the summary statistics for Tables 4-1 1 
and 4- 12 is included in Appendix G. 
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Table 4-1 1 
Occurrence and Distribution of Chemicals 
Combined Surface Soil (MMA and NRU) 

[Units in mglkg] 



Table 4-12 
Occurrence and Distribution of Chemicals 

Combined Subsurface Soil (MMA and NRU) 

[Units in mg/kg] 

Barium 
Beryllium 
Cadmium 
Cliromium 
Zobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Thallium 
Vanadium 

~ n c  

39 /51  
25/51 
12 / 51 
51 151 
37 / 51 
51 151 
51 151 
51 151 
51 / 51 
16/51  
46 /51  
12/51 
511 51 
511 51 

25.2 
0.780 
0.570 

10.8 
6.20 
1.60 

14,300 
2.10 

16.7 
0.0380 
4.80 
1.40 

22.0 
4.70 

164 
5.40 
2.50 

75.8 
130 
38.7 

67,700 
256 

1,760 
0.270 

94.2 
5.0 

114 
598 

5 1.9 
1.03 
0.529 

30.9 
20.2 
15.3 

31,718 
19.7 

355 
0.0763 

19.0 
1.13 

53.9 
62.7 

0.773 
1.12 
0.883 
0.390 
1.33 
0.666 
0.307 
1.98 
0.922 
0.655 
0.901 
0.912 
0.342 
1.66 

Lognormal 
Neither 
Neither 

Lognormal 
Lognorn~al 

Normal 
Lognormal 

Neither 
Lognormal 

Neither 
Lognormal 

Neitlier 
Lognormal 
Lognormal 

67.5 
0.96 
0.66 

34.6 
28.1 
17.7 

34,466 
12.5 

579 
0.129 

26.4 
1.3 1 

59.2 
78.4 



4.4 COMPARISON TO PREVIOUS STUDY ATTEMPT 

Data from the previously attempted background study were reviewed to evaluate accuracy and precision and 
evaluate the use of this data in the new data set. Several shortcomings were identified in the previous data set, in- 
cluding the following: 

The previous background attempt focused on the collection of site-specific background concentrations 

Background samples were collected at the MMA and were not collected at the NRU 

Surface soil samples had not been included in the background study design 

Data were not statistically evaluated to assess the potential for combining data sets 

Point estimates were developed for the Wheeling Sandy Loam and Unison-Urban Complex for each 
soil horizon resulting in four estimates 

Tolerance limits were used to develop point estimates as opposed to the 95% UCL 

Copper, iron, and manganese were eliminated from the data set without supporting rationale 

Uncertainty associated with the actual position of sampling locations 

High data variability 

The uncertainty inherent in the previous background data set demonstrated that data results could not be incor- 
porated into the study without compromising the current data set. 

4.5 COMBINED DATA SET AND TOLERANCE LIMITS 

As a result of subsequent discussions with USEPA and VDEQ, this Final Facility-Wide Background Study re- 
flects two major revisions: 1) facility-wide point estimates for background soil data are calculated as tolerance limits 
rather than confidence limits, and 2) background data for soil (surface and subsurface, MMA and NRU) are com- 
bined into a single data set. The rationale for these changes is summarized in the following text. 

The use of tolerance limits rather than confidence limits evolved from comments questioning the use of the 
95% UCL as the point estimate for the background value. The 95% UCL was originally included in the Facility- 
Wide Background Study as a general point of reference. At the time the Work Plan for this Facility-Wide Back- 
ground Study was developed, the intent was to use hypothesis testing for RFI sites. An additional use of the data set 
would include the use of point-by-point comparisons. 

A confidence interval is used for comparisons within a single population. A compliance data set is then typi- 
cally compared to a known standard (USEPA, 1989, 1992). Using the 95% UCL as a single point comparison or 
background value, however, is likely to result in  classifying many chemicals as greater than background when they 
are not. These misclassifications would be due to the 95% UCL representing an estimate of the mean. Such mis- 
classifications could occur as often as 50% of the time. 

A tolerance limit is used for comparisons of similar but distinct populations. A concentration range is defined 
from a background data set, within which a large proportion of compliance data should fall with high probability 
(USEPA 1989, 1992). Therefore, it was recommended that a 95% upper tolerance limit (UTL) be developed in the 
Background Study for use as point-by-point comparisons. For reference, the 95% UTI, values for each stratum (sur- 
face and subsilrface soil) and each area of the study (MMA and NRU) are presented in Tables 4-13 through 4-16. 
The output for the summary statistics is provided in Appendix G. For comparison, the 95% UCLs calculated for this 
study are also presented in the table. For those constituents with CVs greater than 1 ,  the use of the UTL will better 
accommodate the variability in the data set. 

Background soil data sets were combined after evaluating various data groups. During discussions there were 
concerns about combining the MMA and NRU surface soil data because barium and iron den~onstrated a statistically 
significant difference in the original statistical evaluation (see Section 4.2 and Table 4-9). Similarly, aluminum, 
barium, lend, vanadium, and zinc demonstrated statistically significant difference for the MMA and NRU subsurface 
soil data sets (see Section 4.2 and Table 4-10). The hypothesis that within each stratum (surface and subsurface), 
data for each chemical constituent could be grouped into either one or two groups by soil type was investigated. 

R,~dford Arrny Al~unun~tion Plant DACA3 I -94-D-0064 
Facility-Wide Backgr0~111d Stcltly ESPS08-31 
Final Document 4-28 Decelnber 3001 



A new set of background numbers was generated to assess whether the numbers calculated using this approach 
were similar to those calculated using the original approach. These comparisons demonstrated that the calculated 
UTLs were similar between the data groups and generally within the same order of magnitude. In addition, there 
was no particular trend in the UTLs for a given group, e.g., the highest UTL values are not consistently from the 
same group. 

After further discussion and analysis of these comparisons it was agreed that combining the data sets would be 
appropriate because each potentially contaminated site at the facility is located in an area where excavation of sur- 
face soils has occurred at some point during facility operations. The combined surface and subsurface soil data set 
would most likely represent the conditions of mixed surface and subsurface soil at these sites. The final set of point 
estimates for the background data set was based on calculated 95% UTLs for a single data set that represented sur- 
face and subsurface soil from the MMA and NRU areas. These values are provided in Table 4-17. The output for 
the summary statistics is provided in Appendix G. For several constituents, the 95% UTLs are below the RBCs, 
which will be used to screen chemicals of potential concern (COPCs) at the sites. Those chemicals detected at con- 
centrations below RBCs would be "screened out" of the risk assessment process and would not be carried forward 
for further quantitative evaluation. Thus, the potential for carrying naturally occurring elements through the quanti- 
tative risk assessment would be minimized. In addition, combining the data sets will result in greater statistical 
power for the comparisons due to the increased sample size and will better accommodate variability in the data set. 

DACA3 1-94-D-0064 Rndfo~d Army Ammunition Plant 
ESPS08-34 Facil~ty-Wide Bnckg~.ound Stutly 
December 100 1 4-29 Final Document 



Table 4-13 
Occurrence and Distribution of Chemicals 
Surface Soil - Main Manufacturing Area 

[Units in mglkg] 



Table 4- 14 
Occurrence and Distribution of Chemicals 

Surface Soil - New River Unit 

[Units in mg/kg] 



Table 4-15 
Occurrence and Distribution of Chemicals 

Subsurface Soil - Main Manufacturing Area 

[Units in mglkg] 



Table 4-16 
Occurrence and Distribution of Chemicals 

Subsurface Soil - New River Unit 

[Units in mglkg] 



Table 4-17 
Summary of Total Soil Data at Radford 

Upper Tolerance Limits (UTLs) 

"tatistical Distribution: N = Nor~rial distribution; L = Lognormal distribution; U = Undetermined distribution; 
NP = Nonparametric distribution for data sets with greater than 50% nondetects. 

h 95% Upper Tolcrance Limit calculated for the indicated distribution. 

' RBC = Region 111 risk-based concentration adjusted for a Hazard Quotient = 0.1 to account for potential cumulative 
effects (dated May 8, 2001). 

Note: Highlighted values are below the residential screening RBC. 



Table 2-1 
Facility-Wide Background Study Sampling Program 

TAI. Metals 
3050Rl60lOB 

(solid) VOCs 
Depth Depth 7471A pH 5035182608 3540C18270C 131113010A/ Immunoassay Immunoassay Date 

SVOCs 
TNT 

Sample ID Matrix Top Botton~ (Hg solid) 9045C (solid) 

TCLP Mctals 
RDX 



5.0 Conclusions 

5.1 BACKGROUND SAMPLE LOCATIONS 

Pre-selected background sample locations were positioned in the MMA and NRU in areas that had not been 
impacted by previous site operations. Explosives were selected as primary background markers given the history of 
installation propellant manufacturing activities. Field screening immunoassays were processed for RDX and TNT to 
evaluate potential explosive contamination. Explosives results were negative, indicating background sampling lo- 
cations had not been impacted by RFAAP operations. Additionally, semivolatile and volatile organic compounds 
were evaluated as secondary markers to substantiate the selection of true background locations. Analytical results 
demonstrated that organic contaminants had not impacted the selected locations, indicating that sample locations 
represented background conditions. 

5.2 STATISTICAL EVALUATION 

Background sample results were validated in accordance with Work Plan Addendum No. 10, to assess analyti- 
cal data limitations and report scientifically based and statistically valid data. Elements were eliminated from statis- 
tical testing that did not result in significant contributions to background evaluation. For example, macronutrients 
(calcium, potassium. magnesium, and sodium) were not evaluated statistically because they are not chemicals that 
drive remedial decisions. Non-detects greater than 80% were also eliminated because there was not enough data to 
perform statistical analysis. 

Statistical testing was performed on the remaining elements to assess data distributions and evaluate the poten- 
tial for combining the data into one data set. Testing results indicated that surface soils from both the MMA and 
NRU could be combined into one data set and subsurface soils from both areas could be combined into one data set. 

Point estimates were then evaluated against the previously attempted background study (Parsons 1996) to as- 
sess the integration of prior data into the existing data set. Shortcomings identified in the previous data set, as speci- 
fied in Section 4.4, precluded its use because of the high potential for compromising the current (year 2000) data. 

As a result of subsequent discussions with USEPA and VDEQ, this Final Facility-Wide Background Study re- 
tlects two major revisions: 1) facility-wide point estimates for background soil data are calculated as tolerance limits 
rather than confidence limits, and 2) background data for soil (surface and subsurface, MMA and NRU) are com- 
bined into a single data set. The final set of point estimates for the background data set, therefore, are based on cal- 
culated 95% UTLs for a single facility-wide data set that represents surface and subsurface soil from the MMA and 
NRU areas. These values are included as a point of reference for point-by-point comparisons for site screening. 
These point estimates are summarized in Table 5-1. 
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Table 5-1 
Facility-Wide Point Estimates for Radford AAP Soil 

[Units i n  rnglkg] 
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Final Docur~lent 
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Appendix A 
Lithologic Boring Logs Summary 

NRUC4 
Groseclose and Poplimento Silt Loam NRUGl 

NRUG2 

Wheeling Sandy Loam 

NRUG4 
Lowell Silt Loam NRULl 

nru12 

MMAWl 
MMAW2 
MMAW3 
MMAW4 

New River Unit 

Wurno-Newbern-Faywood Silt Loam 

Soil Type 
Carbo Silty Clay Loam 

nru14 
NRUWI 
NRUW2 

Sample ID 
NRUCI 
NRUC2 
NRUC3 



Drilling Log 
Soil Boring MMABI 

Pase. 1 of 1 

Project RFAAP Background Study Owner USArmy 

Location k4MA Proj. No. 866228 

Surface Elev. 1775.8 ff. Total Hole Depth 7.5 ff. North 322754.735 1409440.915 R 

Top of Casing NA Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia NA Length NA TypelSize NA 

Casing: Dia NA Length NA Type NA 

Fill Material RiglCore Geo~robe 
~ ~ t h ~ d  Direct Push 

~r i l l e r  S. Denson Log By Greg Zynda Date 8/31/00 Permit # NA 

Checked By License No. 

COMMENTS 
Sample ID'S: 
MMAB 1A (& 10') 
MMABlB (10'-4') 
MMABlC (4'-7) 



Drilling Log 
Soil Borina MMAB2 

Project RFAAP Background Study Owner USArmY 

Location - pro,. NO. 866228 

Surface Elev. 1864.7 ft. Total Hole Depth 7.5 ft. ~ ~ ~ t h  320488.181 ft.~,,t 1407197.334 R 

Top of Casing NA Water Level Initial NA Static NA D~ameter * in, 
Screen: Dia NA Length NA TypelSize NA 

Casing: Dia NA Length NA Type NA 

" 
Page: 1 of 1 

Fill Material RiglCore GeO~robe 
Drill co, Marshall, Miller & Associates Method Direct Push 

Driller S. Denson L~~ BY Greg Zynda Date 9/6/00 Permit # NA 

COMMENTS 
Sample ID'S: 
MMAB2A (0- 12') 
MMAB2B (12.-60") 



Drilling Log 
Soil Boring MMAB3 

Checked By License No. I 

- 
6 1 1 - C d I l r W -  Page: 1 of 1 

Project RFAAP Background Study Owner US Army 

Location MMA Proj. No. 866228 

Surface Elev. 1873.2 ft. Total Hole Depth 7.5 ft. ~,-,~th 320455.402 f t .~ ,~t  1407282.997 R. 

Top of Casing NA Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material RiglCore Geopmbe 
Drill co, Marshall, Miller & Associates Method Direct Push 

 rille^ S. Denson L~~ BY Greg Zynda  ate 9/6/00 Permit # NA 

COMMENTS 
Sample ID'S 
MMASJA (0-1 27 
MMA83B (r2"-48") 



Drilling Log 

IT COIIPORAm Soil Boring MMAB4 
~ ~ d r r r r d r q  Page: 1 of 1 

Project RFAAP Background Study Owner USArmy 
Sample ID'S: 

~ocation MMA Proj. NO. 866228 MMAB4A (0-6') 

Surface Elev. 1811.0fi Total Hole Depth 4.5 ~ ~ f i h  320307.266 fi.Easl 1404474.277 fi. MMAB4C (51 "-53") 

Top of Casing NA Water Level Initial NA static NA Diameter 3 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material Rig/Core 
 ill co. Marshall, Miller b Associates ~ ~ t h ~ d  Hand Auger 

Driller S. Denson L~~ B~ Greg Zynda Date &f31/00 Permit # NA 

Checked By License No. 



Drilling Log 
Soil Boring MMAUI 

A-dn,rr+ Paae: 1 of 1 

Project RFAAP Background Study Owner U S A ~ Y  

~ocation MMA Proj. NO. 866228 

Surface Elev. 1981.1 f i  Total Hole Depth IS' f i .  North 31 1874.444 ft.~,,t 1404852.06 ft. 

Top of Casing NA Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia NA Length NA TypelSize NA 

Casing: Dia NA Length NA Type NA 

Fill Material RiglCore G e ~ ~ r o b e  
~ ~ t h ~ , - ~  Direct Push 

Driller S. Denson L~~ BY Greg Zynda Date 9/7/00 Permit # AM 

COMMENTS 
Sample 10's: 
MMAUlA (0-107 
MMAUlB (10.-52') 
MMAUlC (52'-60") r-- 

Checked By License No. I I 



Drilling Log 
Soil Boring MMAU2 

A ~ d ~ W ~  

Project RFAAP Background Study Owner USArmy 

Location MMA Proj. NO. 866228 

Surface Elev. 1984.7ft Total Hole Depth l.0 ft ~ ~ ~ t h  31 1894.106 f t . ~ ~ , ~  1404927.432 ft. 

Top of Casing NA Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material Rigcore Geoprobe 

Drill co. Marshall, Miller & Associates ~~th,,d Direct Push 

Driller S. Denson L~~ BY Greg Zynda Date 9/7/00 Permit # NA 

Page: 1 of 1 

COMMENTS 
Sample ID's: 
MMAUZA (0- 10') 
MMAUZB (10'-52") 
MMAU2C (52'60'7 

Checked By License No. I 



Drilling Log 
Soil Boring MMAU3 

Page: 1 of 1 

Project RFAAP Background Study Owner USArmY 

Location MMA Proj. NO. 866228 

Surface Elev. 1865.6 ff. Total Hole Depth 7.5 ft. North 312818.613 ff.East 1399297.218 ff. 

Top of Casing NA Water Level Initial MI Static NA Diameter 2 in. 

Screen: Dia NA Length NA TypelSize NA 

Casing: Dia NA Length NA Type A',4 

Fill Material RigICore Geo~robe 
~ ~ t h ~ d  Direct Push 

Driller S. Denson ~ o g  ~y Greg Z ~ n d a  Date 8/31/00 Permit # A',4 

Checked By License No. - 

COMMENTS 
Sample ID'S: 
MMA U3A (0-9.) 
MMAU3B (9"-42.) 
MMAUJC (42'-67 



Drilling Log 

IT CORPMUTIW Soil Boring MMAU4 
4 v-,.+dn.rrcuy Page: 1 of I 

Project RFAAP Background Study Owner USArrny 

~ocation MMA Proj NO. 866228 

Surface Elev. 1739.7 ft. Total Hole Depth 7.5 ft. ~~~t 1410570.692 ft. 

TOP of Casing NA Water Level Initial NA static NA Diameter 3 

Screen: Dia NA Length NA TypelSize NA 

Casing: Dia NA Length Type NA 

Fill Material RigfCore 
co. Marshall, Miller 8 Associates Method Hand Auger 

 ill^^ S. Denson ~ o g  BY Greg Zynda Date 9/6/00 Permit # NA 

Checked By License No. 

COMMENTS 
Sample ID'S' 
MMA U4A (0- 10.) 

MMAU48 MMAU4C (10"-58") (58"-76") 



Drilling Log 
Soil Boring MMAWI 

Paae: 1 of 1 

project RFAAP Background Study Owner USArmy 

Location MMA ~ r o j .  NO. 866228 

Surface Elev. 1701.6 fi. Total Hole Depth 7S fi. East 1407708.13 fi. 

Top of Casing NA Water Level Initial NA static NA Diameter 2 in. 

Screen: Dia NA Length NA Type/Size NA 

Casing: Dia NA Length NA Type NA 

Fill Material Ridcore GeoProbe 
 ill co, Marshall, Miller L? Associates ~ ~ t h ~ d  Direct Push 

 ill^^ S. Denson and K. Cartog BY GregZynda Date 9/6/00 Permit # NA 

Checked By License No. 

- 
COMMENTS 

I Sample ID'S: 
MMAWlA (0-12') 
MMAWIB (12"-48.) 
MMAWlC(48"-6) 

Description 

(Color, Texture, Structure) 
Geologic Descriptions are Based on the USCS. 

B Horizon - Dark yellowish brown l 0YR 3/4 silty fine SAND, 20-30% silt, 
slightly moist, trace clay (5%). 

Slightly moist, strong brown 7.5YR 4/6, clayey, silty fine to medium SAND 
(5-10% clay and 5-10% silt). Slightly plastic. 

C Horizon - Fine to medium SAND with little silt and clay (5% clay and 5% 
silt). Slightly moist. Strong brown 7.5YR 4/6. 

Same as above, Strong brown 10Y R 5/6. 



Drilling Log 

IT CORPORATION Soil Boring MMAW2 
A I C I I ~ ~ ~ ~ I I ' G ~  Page: 1 of 1 

Project RFAAP Background Study Owner USArrny 
Sample 10's: 

Location MMA Proj. NO. 866228 

Surface Elev. 1727.5 fi. Total Hole Depth 7.5 fi. 

Top of Casing NA Water Level Initial NA Static MI Diameter 2 in. 

Screen: Dia NA Length NA TypelSize NA 

Casing: Dia NA Length NA Type NA 

Fill Material RiglCore GeOprobe 
 ill co. Marshall, Miller & Associates Method Direct Push 

Driller S. Denson L~~ By G"gZynda Date 9/6/00 Permit # NA 

Checked By License No. 



Drilling Log 

Checked By License No. 1 

n CORPORAT~~W Soil Boring MMAW3 
a Wed-d77~-m* Page: 1 of 1 

Project RFAAP Background Study Owner US Army 

~ocation MMA Proj. NO. 866228 

Surface Elev. 1713.4 ft. Total Hole Depth 7.5 ft. ~ ~ ~ t h  322490.086 f t . ~ ~ ~ t  1406208.064 ft. 

Top of Casing NA Water Level Initial NA Static NA Diameter 2 

Screen: Dia NA Length NA TypeISize A!,4 

Casing: Dia NA Length NA Type NA 

Fill Material RigICore GeoProbe 
 ill co, Marshall, Miller & Associates Method Direct Push 

Driller S. Denson Log By GEg Zynda ~~t~ 9/6/00 Permit # NA 

COMMENTS 
Sample ID'S: 
MMA W3A (0- 127 
MMA W3B (12'43") 
MMA W3C (48"-60") 



Drilling Log 
Soil Boring MMAW4 

Paae: 1 of 1 

Project RFAAP Background Study Owner USArmy 

Location MMA Proj.No. 866228 

Surface Elev. 1706.5 ft. Total Hole Depth 7.5 ft.  NO*^ 318887.053 1396623.751 f t  

Top of Casing NA Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type AM 

Fill Material RigICore GeOprobe 
 ill co, Marshall, Miller & Associates Direct Push 

Driller S. Denson L ~ ~ B ~  GregZynda D~~~ 9/5/00 Permit # A'A 

Checked By License No. 

COMMENTS 
Sample ID'S: 
MMA W4A (0-9") 
MMAW4B (9'-3.5') 
MMAW4C (3.5'-67 



Drilling Log 
Soil Boring NRUCI 

Paoe: 1 of 1 

Project RFAAP Background Study Owner USArm~ 
Sample ID'S: 

Location NRU Proj. NO. 866228 NRUCIA (0-1 1") 

Surface Elev. 2097.9 fi, Total Hole Depth 7.5 fl. 

Top of Casing NA Water Level Initial NA static NA Diameter 

Screen: Dia NA Length NA TypeISize AM 

Casing: Dia NA Length NA Type NA 

Fill Material RigICore GeOprobe 
rjrill co. Marshall, Miller & Associates Method Direct Push 

Driller S. Denson and K. Cartog @ Greg Zynda Date 8/30/00 Permit # &'/I 

Checked By License No. 
I 

vi 

.g E 3 

Description 

(Color, Texture, Structure) 
Geologic Descriptions are Based on the USCS. 

B Horizon - Yellowish brown IOYR 5/8 mod, dense to dense CLAY with 5% 
fine sand, 50-70% silt, plastic. 1-3% black specks, slightly moist. 



Checked By License No. I I 

Drilling Log 

rrmmm Soil Boring NRUC2 
~ a h k . . ~ ~ ~ ~  Page: 1 of 1 

I 

Description 

(Color, Texture, Structure) 
3 Geologic Descriptions are Based on the USCS. 

B Horizon - Yellowish brown 10YR 518 mod. dense to dense CLAY with 5% 
fine sand, 50-70% silt, plastic. 1-3% black specks. 

Weathered bedrock (limestone or dolomite). 
Slightly moist, dense SILTY CLAY, 2-3% black specks. 

Low density fine to medium SAND, silt (20-4O0Io silt), mottled 20-30% 
yellowish red and dark red. 

Project RFAAP Background Study Owner USArmy 

~ocation Proj. NO. 866228 

Surface Elev. 2O95.l fi. Total Hole Depth 7.5 ft. ~ ~ ~ t h  290249.225 f t . ~ ~ ~ ~  1371073.443 ft. 

TOP of Casing NA Water Level Initial NA static NA Diameter in. 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material Rig/Core GeoProbe 
 ill co. Manhall, Miller & Associates Method Direct Push 

Driller S. Denson and K.  car^^^ B~ Greg Zynda Date 8/30/00 Permit # NA 

COMMENTS 
Sample ID'S: 
NRUCZA (0- 1 1 ') 
NRUc2B(1 1.-67 



Drilling Log 
Soil Boring NRUC3 

Paoe: 1 of 1 

Project RFAAP Background Study Owner USArmy 

Location NRU P roj . NO. 866228 

Surface Elev. 2065.7ft. Total Hole Depth IS ft. North 287199.883 &East 1376699.21 ft. 

Top of Casing NA Water Level Initial NA Static NA Diameter 2 

Screen: Dia NA Length NA TypetSize NA 

Casing: Dia NA Length NA Type NA 

Fill Material Ridcore Geoprobe 
Method Direct  PUS^ 

 ill^^ S. Denson and K. Cartog By Greg Zynda Date 8/29/00 Permit # NA 

- 
I COMMENTS 

Sample ID'S: 
NRUC3A (0- 10') 
NRUC3B (10'-18") 

Checked By License No. I I 



Drilling Log 

- ~~ - - ~ -  Soil Boring NRUC4 
A-.d%~w Page: 1 of 1 

project RFAAP Background Study Owner USArmy 

Location NRU ~ r o j .  NO. 866228 

Surface Elev. 1994.f3 f f  Total Hole Depth 7'5 ~ o n h  291651.576 l ? . ~ ~ ~ ~  1375527.088 1 

Top of Casing NA Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia NA Length NA TypelSize NA 

Casing: Dia NA Length NA Type NA 

Fill Material RigJCore GeOProbe 
Method Direct Push 

Driller S. Denson and K. Cartog Greg Zynda Date 8/29/00 Permit # NA 

Checked By License No. 

COMMENTS 
Sample ID'S: 
NRUC4A (0-7") 

::igE R'i:::.) 



Drilling Log 
Soil Boring NRUGI 

Page: 1 of 1 
project RFAA P Background Study owner UsAmy 

Sample ID'S: 
Location NRU ~ r o j .  NO. 866228 NRUG 1A (0- 127 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia M I  Length NA Type NA 

Fill Material Ridcore G e ~ ~ r o b e  
Drill co. Marshall, Miller & Associates Method Direct Push 

Driller S. Denson and K. Cartog gy Greg Zynda oate 8/29/00 Permit # NA 

Checked By License No. 

Surface Elev. 2127.5 fi. Total Hole Depth fi. North 291 100.639  RE^^^ 1369289.298 f 

Top of Casing NA Water Level Initial NA static NA Diameter 2 in. 

6 Horizon - Slightly moist CLAYEY SlLT (10% clay). No odors. Slightly stiff 
to stiff, slightly crumbly, 2-1 5% rusty mottling. Trace of rusty gravel pieces 
(iron stained). Reddish-yellow 7.5YR 616. 

C Horizon - Slightly moist CLAYEY SlLT (10% clay). No odors. Slightly stiff 
to stiff, slightly crumbly, 20-30% rusty mottling. Trace of rusty gravel pieces 
(iron stained). Reddish-yellow 7.5YR 616. 

Slightly moist, very mottled SILTY CLAY with 10% gravel-limestone. 
Yellowish brown lOYR 518. 

NRUG NRUG 1 l8 C (12'-53') (53'-70") 





Drilling Log 
Soil Boring NRUG3 

Page: 1 of 1 

project RFAA P Background Study Owner U S A r m ~  

Location NRU Proj. NO. 866228 

Surface Elev. 2'055.9 ft Total Hole Depth 7.5 1373194.726 f t  

Top of Casing NA Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material RiglCore Geo~robe 
 ill co. Marshall, Miller & Associates Method Direct Push 

 ill^^ S. Denson and K.  car^^^ BY Greg Zynda Date 8/30/00 Permit # NA 

COMMENTS 
Sample ID'S: 
NRUG3A (0-12') 
NRUG3B (12'-35") 
NRUG3C (35'-677 

Checked By License No. 1 1 



Drilling Log 
Soil Boring NRUG4 

Paoe: 1 of 1 

project RFAAP Background Study Owner USArrny 

Location NRU ~ r o j . ~ o .  866228 

surface Elev. 2081.3 ff. Total Hole Depth 7S n. North 287847.944 ff.East 1369157.992 ff 

Top of Casing NA Water Level Initial NA Static NA Diameter 2ifl. 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material Ridcore Geo~robe 
 ill co, Marshall, Miller & Associates ~ ~ t h ~ , j  Direct Push 

 ill^^ S. Denson and K. Cartog ey Greg Zynda Date 8/30/00 Permit # NA 

- 
COMMENTS 
Sample IPS: 
NRUG4A (0-6') 
NRUG4B (6'-39') 
NRUG4C (39'- 72") 

Checked By License No. I I 



Checked By License No. I 

Drilling Log 

ITCOIVOM~# Soil Boring NRULI 
A,Um.,&d7klr+ Page: 1 of 1 .-- 
Project RFAAP Background Study Owner U S A r m ~  

~ocation NRU Proj. NO. 866228 

Surface Elev. NA Total Hole Depth 7S ft. ~ o r t h  283098.573 f t . ~ ~ ~ ~  1370857.281 ft. 

TOP of Casing MI Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia NA Length NA Type/Size AM 

Casing: Dia NA Length Type NA 

Fill Material RigtCore Gwprobe 
 ill co. Marshall, Miller & Associates ~ ~ t h ~ d  Direct Push 

 ill^^ S. Denson and K. Cartog BY Greg Zynda Date 8/30/00 Permit # NA 

COMMENTS 
Sample ID'S: 
NRUL 1A (0- 12') 
NRUL (12"-42m) 
NRUL1C (42"-5.57 



Drilling Log 
Soil Boring NRUL2 

A - ~ ~ . W W  Page: 1 of 1 

project RFAAP Background Study Owner lJSArrny 

Location NRU Proj. NO. 866228 

Surface Elev. NA Total Hole Depth 7.5fl. ~ ~ ~ t h  283137.296 ft.~,,~ 1370938.166 ft. 

Top of Casing NA Water Level Initial NA static FA Diameter 

Screen: Dia MI  Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material RigICore Geoprobe 
Drill co, Marshall, Miller & Associates Method Direct Push 

Driller S. Denson and K. Carcog B~ Greg- Date 8/30/00 Permit # NA 

Checked By License No. 



Drilling Log 
Soil Boring NRUL3 

*1Cllbdn.I76.., Paae: 1 of 1 

Project RFAAP Background Study Owner USArmy 

Location NRU Proi. NO. 866228 

Surface Elev. 2070.2 ft. Total Hole Depth 7.5 ft. ~ ~ f l h  287529.935 ft..cast 1373041.768 ft 

Top of Casing NA Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material Rig/Core GeoProbe 
 fill co, Marshall, Miller & Associates ~ ~ t h ~ d  Direct Push 

Driller S. Denson and K. Cartog BY Greg Zynda Date 8/29/00 Permit # NA 

Checked By License No. 

COMMENTS 
Sample ID'S: 
NRUL3A 10-97 



Drilling Log 
Soil Boring NRUL4 

Paae: 1 of 1 

project RFAAP Background Study owner UsAmy 

Location NRU Proj. NO. 866228 

Surface Elev. 2066.7R Total Hole Depth 7.5ff. ~ ~ ~ t h  291929.194 f t ~ ~ ~ ~  1372212.647ff. 

TOP of Casing NA Water Level Initial NA static NA Diameter 2 in- 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material RiglCore GeOProbe 
Method Direct Push 

 ill^^ S. Denson and K. Cartog BY Greg Z b  ~~t~ 8/29/00 Permit # AM 

Checked By License No. -- 

COMMENTS 
Sample ID'S: 
NRUL4A (0- 10") 
NRUL4B (10'-38.) 
NRUL4C (38'-60") 

Description 

M (Color, Texture, Structure) 
3 Geologic Descriptions are Based on the USCS. 

B Horizon - Olive yellow 2.5YR 614. Slightly moist, crumbly to moderate 
loose SlLT with 5-10% clay. 2-5% rusty mottling, with 1-2% black specks. 

C Horizon - Slightly moist SlLT 5-15% clay, crumbly 5-15s mottling. 
Brownish-yellow 10YR 616. 



Drilling Log 

Checked By License No. I I 

SoilBoring NRUWI 
~ - 4 r r r r -  Page: 1 of 1 

project RFAAP Background Study Owner USArmY 

Location NRU Proj. NO. 866228 

Surface Elev. 2094.9 ft. Total Hole Depth 4.0 ft. ~ ~ d h  -288400.943 f t . ~ ~ ~ ~  1374521.864 ft. 

TOP of Casing NA Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia AM Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material Rig/Core Geoprobe 
 ill co. Marshall, Miller & Associates Direct Push 

 ill^^ S. Denson and K. Cartog B~ Greg Zynda ~~t~ 81'301'00 Permit # NA 

COMMENTS 
Sample ID'S: 
NRUWIA (0-73 
NRUW18(7'-38'') 
NRUWIC (38'48.) 



Drilling Log 
Soil Boring NRUW2 

Paae: 1 of 1 

Project RFAAP Background Study Owner USArmy 

Location NRU proj. NO. 866228 

Surface Elev. 2090.8 ft. Total Hole Depth 4.0 ff. ~ o r t h  288406.798 ff. E,,~ 1374603.182 ft 

Top of Casing AM Water Level Initial NA Static NA Diameter 2 in. 

Screen: Dia NA Length NA TypelSize NA 

Casing: Dia NA Length NA Type NA 

Fill Matelial Ridcore Geo~robe 
Drill co.  Marshall, Miller & Associates ~ ~ t h ~ , j  Direct Push 

Driller S. Denson and K. Cartog B~ Greg Zynda Date 8/30/00 Permit # NA 

Checked By License No. 

- 
COMMENTS 
Sample ID'S: 
NRUWZA (0-9") 
NRUWZB (9'28") 
NRUWZC (28"-48") 



Checked By License No. I 

Drilling Log 

~conm~~m Soil Boring NRUW3 
*-.+mrr- Page: 1 of 1 

project RFAAP Background Study Owner USArrny 

Location NRU Proj. NO. 866228 

Surface Elev. 2059.7ft. Total Hole Depth 3.8 ft. ~ ~ ~ t h  292482.845 ft+zast 1376121.867 ft. 

Top of Casing NA Water Level Initial NA static AM Diameter 2 in. 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material - RigICore GeOprobe 
 ill co. Marshall, Miller & Associates ~ ~ t h ~ d  Direct Push 

 ill^^ S. Denson and K.  car^^^ BY Greg Zynda Date 8/29/00 Permit # NA 

COMMENTS 
Sample ID'S: 
NRUW3A (0- 10') 

NRUW3C NRUW3B(10'34') (34'-45.) 



Drilling Log 
Soil Boring NRUW4 

A I k . . h . d n . r r o g  Paae: 1 of 1 

Project RFAAP Background Study Owner USArmy 

Location NRU Proj. NO. 866228 

Surface Elev. 2086.4 fi Total Hole Depth 8.0ft. ~~~t 1371 167.197 ft 

Top of Casing NA Water Level Initial NA Static NA Diameter 2in. 

Screen: Dia NA Length NA TypeISize NA 

Casing: Dia NA Length NA Type NA 

Fill Material Rig/Core Geoprobe 
~ ~ j l l  co. Marshall, Miller & Associates Method Direct Push 

Driller S. Denson and K. CartOg BY Greg- Date 8/29/00 Permit # NA 

Checked By License No. 

- 
COMMENTS 
Sample 10's: 
NRUW4A (0- 10') 
NRUW4B (10'-31") 
NRUW4C (31 "-46") 

- I 

ui Descr ipt ion 

U 

5: (Color, Texture, Structure) 
3 Geologic Descriptions are Based on the USCS. 

Slightly moist, light yellowish brown SILT, trace of fine sand and clay. 

B Horizon - Reddish yellow 7.5YR 616, slightly moist, SILTY CLAY (20-30% 
clay), dense, 10-15% mottled. 

C Horizon - Reddish yellow 7.5YR 618, slightly moist, slightly loose SILT, 
crumbly, 5% clay. 

Slight moist, 50% weathered bedrock (laminated with black staining), clay 
and silt, slightly loose. 

Moist SILTY FINE SAND, reddish yellow 7.5YR 616, 5% clay, mod-density, 
5-10% weathered bedrock. 



Appendix B 

Data Validation Reports 



Appendix El 
Data Validation Reports 

Data packagcs uerc \.alidated to ensure co~npliance nit11 specified anal}tical. QA/QC requirements. data reduction 
procedures. data rcportlng rcquircnlcnls. and requircd accurac!s. precision. and co~npleteness criteria. 

r.". 

Please iiote the follo\vi~~g about the For111 1's In Appendis B. 

Laboraro~  soft\+-arc liinita,ions resulted in select co~npounds being ~nanually calculated and cl~anged during the 
data \,alidation process to reflect the correct reporting li~nils. Since this was only done for non-detects, these 
changes l~ad no affect on tile conlalnination assessr~lc-11 C11.lnges by the analytical laboratory wcre i~litialed on 
the forlns \\lhile un-initialed changes \..ere ~nndc bv rlx IT de1;i villidation lealn. 

Also. Il~e linc noled on 1l1c I I I C I ~ ~ I S  For111 1's through alu~ninuln or bariuln is an artifact from laboratory 
reproduction. Alrlrninull~ :~nd/or bi~riu~u \\ere not rqected during thc \,alidi~tion process. 



Appendix B 
Data Validation Report Summary 

Data Validation Report Number I Sample ID 

SDG F01130290 (001 166) 

SDG 001 139 (T09852) 

SDG 001 139 (T09869) 

SDG 001 145 (T09934) 

SDG 001 145 (T09950) 

Inorganics 
MMAB2BD 
MMAB3A 
MMAB3B 
MMAW2A 
MMAW2B 
MMAW2C 

MMAW2CD 
MMAU2A 
MMAU2B 
MMAW4A 
NRUW4A 
NRUG1C 

NRUW4CD 
NRUL4BD 
NRUL3C 
NRUW3B 
NRUC3B 
NRUC4B 
NRUG4C 
NRUClA 
NRUC2B 
NRULlA 
NRUW1C 
NRUG2B 
NRUW2A 
NRUW2B 
NRUW2C 
NRUG2BD 
NRUL2A 
NRUL2B 
MMAU3B 
MMABl B 

Volatiles 

MMAW2B I MMAW2C 
MMAU1B I MMAUlC 

SDG IT5 

SDG IT5 

SDG IT2 

SDG IT3 

MMAB3B 
MMAW2CD 

MMAU1A MMAW4B 

Semivolatiles 

MMAU1 B 
MMAU1C 
MMAW3A 
MMAW3B 
MMAW3C 

MMAW3CD 
MMAB2A 
MMAB2B 

NRUCl B 
NRUG2B 
NRUW1B 
NRUG2B 

SDG IT2 

SDG IT3 

MMAW2A 
MMAW2CD 
MMAU1C 

MMAB3A 
MMAW2B 
MMAU1 A 

MMAW4C 
MMAW1A 
MMAW1 B 
MMAW1C 
MMAU4A 
MMAU4B 
MMAU4C 
MMAU2C 

NRUL1C I NRULlB 

NRUWlC I NRUG2C 

MMAB3B 
MMAW2C 
MMAU1 B 

NRUClA 
NRULlA 
NRUG2B 
NRUWlB 
NRUG2BD 

NRUGl B 
NRUW4C 
NRUL4B 
NRUL3B 
NRUW3A 
NRUC3A 
NRUC4A 
NRUG4B 

NRUC1B I NRULlC 
NRULlB I NRUWlA 
NRUG2A 
NRUWlC I NRUG2C 
NRUG2CD 

NRUW4B 
NRUL4A 
NRUL3A 
NRUL4C 
NRUG1A 
NRUW3C 
NRUG4A 
NRUC4C 

NRUC2A 
NRULlC 
NRUWl B 
NRUW1A 
NRUG2C 

NRUC1 B 
NRUG3B 
NRUL1 B 
NRUG3C 
NRUG2A 

NRUL2C 
NRUL2BD 
NRUG2CD 
NRUG3A 
MMAB1 C 
MMAU3C 

' MMAU3BD 
MMAB4A 
MMAB4B 
MMAB4C 
MMAU3A 
MMAB1A 



Appendix B 
Data Validation Reports 

Data validation assesses the acceptability or unacceptability of the data quality based on a set of pre-defined 
criteria. Data validation is defined as the systematic process for reviewing a data package against a set of criteria to 
provide assurance that the data is adequate for its intended uses. These criteria depend upon the type(s) of data in- 
volved and the purpose for which data are collected. The intended use of the data and the associated acceptance 
criteria for data quality is assessed before the data collection effort begins. 

Data packages were validated to ensure compliance with specified analytical, QA/QC requirements, data re- 
duction procedures, data reporting requirements, and required accuracy, precision, and completeness criteria. 

The data obtained using USEPA performance based methods were validated by the project chemist. Samples 
analyzed for physical characterization and disposal characterization following TCLP and pH procedures do not 
require validation. Results were assessed for accuracy and precision of laboratory analysis to identify the limitations 
and quantity of data. The quality of the data collected in support of the sampling activity was considered acceptable, 
unless qualified rejected "R" or blank qualified "B" during the validation process. Samples qualified "J," "UJ," 
"L," "UL," or "K" were considered acceptable as estimated. These qualifiers and common laboratory are defined in 
Tables B-I and B-2, respectively. 

Table B-1 
USEPA Region 111 Validation Qualifiers 



Table B-2 
Common Laboratory Qualifiers 



TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - TAL Metals 
STL St. Louis, SDG F01130290 (001 166) 

DATE: November 24. 2000 

The purpose of this memorandum is to present the data validation report for the samples collected 
at the Radford Army Ammunition Plant during the September 5-7, 2000 sampling events. Samples 
were analyzed for metals using methods SW-846 7471A (CVAA) for Mercury and SW-846 6010B 
(ICP) for all other metals. A total of twenty-eight soil samples were validated. The sample IDS are: 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP, and the Innovative Approaches to Data Validation for USEPA Region 111 
(June 1995). Parameters were validated at USEPA Region Ill Level IM2 and are presented in 
Table 1. Data associated with parameters in compliance with quality control specifications have 
not been qualified. Data associated with parameters that did not comply with quality control 
specifications and directly impacted project data have been qualified in accordance with USEPA 
Region Ill specifications. 

Field ID 
MMAB2BD 
MMAB3A 
MMAB3B 
MMAW2A 
MMAW2B 
MMAW2C 

MMAW2CD 
MMAU2A 
MMAU2B 
MMAU2C 

Table 1. Laboratory Performance Criteria 

The quality data collected in support of this sampling activity is considered acceptable with the 
noted qualifications. 

Field ID 
MMAUlA 
MMAUI B 
MMAUlC 
MMAW3A 
MMAW3B 
MMAW3C 

MMAW3CD 
MMAB2A 
MMAB2B 
MMAW4A 

cc: Eric Malarek 
Project File 

Field ID 
MMAW4B 
MMAW4C 
MMAWIA 
MMAWl B 
MMAWl C 
M MAU4A 
MMAU4B 
MMAU4C 



RADFORD ARMY AMMUNITION PLANT 
VALIDATION REPORT 
TAL METALS REVIEW 

SDG 001 166 (F01130290) 

I-Holding Times 
Form I, shipping and run logs. 
The primary objective is to ascertain the validity of results based on the holding time of the sample 
from time of collection to time of sample extraction and analysis. Holding time criteria: Cool @4 "C 
k 2 "C, the maximum holding time is 180 days for metals and 28 days for mercury. 

All criteria were met. No qualifiers were applied. 

Il-Initial and Continuing Calibration 
Form I1 
Requirements for satisfactory instrument calibration are established to ensure that the instrument 
is capable of producing acceptable quantitative data. Initial calibration demonstrates that the 
instrument is capable of acceptable performance at the beginning of the analysis run, and 
continuing calibration verification documents that the initial calibration is still valid. 

ICP: I- blank Hg: 1 - blank 
3 - standards (r20.995) 5 - standards (r20.995) 
%R - 90-1 10% %R - 80-120% 

ICP analysis for metals was run on 09118-21/00. Mercury was analyzed on 09/19/00 with a 
correlation coefficient of 0.9999. All criteria were met. No qualifiers were applied. 

Ill-Blank Analysis 
Blanks are assessed to determine the existence and magnitude of contamination problems. No 
contaminant should be detected in the blank > the MRL. Any sample value < five times (5X) the 
maximum concentration detected in the QC blanks and > the MRL is qualified "B". Soil sample 
results and action levels were appropriately adjusted for moisture content during the blank 
analysis study. The associated rinse blanks are samples 0831 00R4 and 090700RB. 

There was no contaminant detected in any of the blanks >MRL. No qualifiers were applied. 

IV-ICP Interference Check Sample (ICS) 
Form IV 
The ICP Interference Check Sample (ICS) verifies interelement and background correction 
factors. ICP lnterference Check is performed at the beginning and end of each sample analysis 
run. Control limits are 80-1 20%. 

All criteria were met. No qualifiers were applied. 

V-Matrix SpikelMatrix Spike Duplicate Analysis 
The matrix spike sample analysis provides information about the effect of each sample matrix on 
the digestion and measurement methodology. Spike recovery (%R) must be within the specified 
control limits of 75125%. However, spike recovery limits do not apply when sample concentration 
exceeds the spike added concentration by a factor of four or more. If the spike recovery is < 75% 
but > 3O0/0, positive sample results are qualified as biased low, "L" and non-detects as biased low, 
"UL". 



V-Matrix SpikelMatrix Spike Duplicate Analysis, Continued 

Samples MMAW2BS (DKA7E), MMAB3AS (DKA76) and MMAW2BD (DKA7E) were used for 
the MSIMSD analysis. %R for Aluminum (126.4%, 565.8%, -682.2%, 475.2%), Iron (619.0%, - 
28.0%, 383.5%, -124.1%) and Manganese (-4.6%, -1 15.7%, -64.2%) were outside the control 
limits. Since the sample concentrations for these elements exceeded the spike added 
concentration by a factor of four or more, no qualifiers were applied based on these outliers. 

%R for Antimony (56.3%, 66.2%, 57.1%, 63.2%) were below the control limits. Positive 
samples for this element were qualified as biased low, "L" and non-detects "UL". 

VI-Laboratory Control Samples (LCS) 
Forms VII, Xlll 
The laboratory Control Sample (LCS) serves as a monitor of the overall performance of each step 
during the analysis, including the sample preparation. All LCS results must fall within the 
specified control limits. 

All criteria were met. No qualifiers were applied. 

VII-ICP Serial Dilution 
Forms I, IX 
The serial dilution of samples quantitated by ICP determines whether or not significant physical or 
chemical interferences exist due to sample matrix. If the analyte concentration in the original 
sample is a factor of 10 above MDL, then an analysis of a 5-fold dilution should agree within 10% 
difference of the original result. 

Percent difference (%D) for Zinc (23.2%, 14.7%) was above the control limit. Positive values 
for this element was qualified as estimated, "J" and non-detects had no qualifiers applied. 

VIII-Quantitation Verification 
Raw Data. 
The accuracy of analytical results is verified through the calculation of several parameters. The 
percent difference (%D) between the calculated and the reported values should be within 10%. 
The following calculations were performed for verification: 

ICP Sample: MMABZBD (DKASM), Lead 

Conc. mglkg = (conc. pg1mL) * (Final Volume mL)/(Weight g* % Solids as a fraction) 

Conc. mglkg = (0.07301 pg/mL)*(100 mL)/(l g* 0.861) = 8.50 pglg = 8.5 mglkg 

Reported concentration = 8.5 mglkg 
%D =O%. 
Values were within 10% difference 



VIII-Quantitation Verification, Continued 

CVAA Sample: MMABZBD (DKASM), Hg 

Conc. mglkg = (conc. pg1L) * (Final Volume L)/(Weight g* O/O Solids as a fraction) 

Conc. mglkg = (0.630 pg/L)*(0.03 L)/(0.18 g' 0.861) = 0.122 pglg = 0.122 mglkg 

Reported concentration = 0.13 mglkg 
%D = 6.1 5%. 
Values were within 10% difference 



a' ST. +LOUIS 

- Metals Data Reporting Form 

Samvle Results 

Lab Sample ID: . D K A N  Client ID: MMAB2BD 

M a t r k  Soil Unib: mg/kg Prep Datc: 911 5ROOO Prep Batch: 0259340 

Weight. 1.00 Volume: 100 Percent Moistam 13.9 

Element Man IDL / L ~ M  CDDC 

Aluminum 3011.22 2 J  23.2 129OO 

I An- 
Arrulc 

%nrj.lum- 

Beryllinm 
Cadmium 
Cnlcim 
Chromium 1 Cob& 
c o w  
Irolr 
 ad 
Magnesllun 
Mahgsnsa 
NIdul 
Potassium 
Sclariom 
Silvu 
Sodlua 
Thallium 
Vanodl~m 



&J ST. LOUIS 

STL-ST. LOUIS 

Metals Data Reporting Farm 
. . .  

Sam~le  Results 

Lab Sample ID: DKMM Client ID: MMAB2BD 

Matrix: Soil Unttr: mgkg Prep Datcr 9/19/2000 Prep Batch: 0258432 

0.18 Wejgbt: Vohme: 30 Percent Moistum 13.9 

connnents: ~ o t  #: FO1130290 Sample * I 

Version 4.10.4 U Rcsllltu~arthnrhs~m. 
B Rarhiskf iwcm~L.adj& 

F o ~  I Equivalcnt 

t 

Element 

Mercrvl 

Report 
Llmlt 

0.039 

WU 
Maas 

253.1 

Cone 

043 

D L  
0.019 

0 DF h e  

( 1 p~ 

hd 
Date 

AMI 
I 

nm 
gnonooo lam 



. ST. aLODIS 

STGST. LOUIS 
.- Metals Data Reporting Farm 

Sam~le Results 

Lab Sample ID: DKA76 Client ID: MMAB3A 

Matrix Soil Units: mgkg Prep Date: 9/15/2000 Rep Batch: 0259344 

Weight: 1.00 Volume: 100 Percent Moistun: 112 

Coppa 3x7s OJI 211 4.0 
Im 217.44 2A 113 7300 - Lerrd 220.3s 021 034 102 
Msgnulnm 279.06 4.7 563 r&3 w= 
Mangnust U7.61 Om 036 5bl 

NIU ~ 1 . 6 0  a21 4 5  v.r 
Potarsitua 766.49 203 563 n1 a 
Selenium 196.03 0.27 056  e . t C 9 U  
S17va 328.07 0.16 0.56 o .h&M 
Sodium 589 194 563 Sl3  M 

ThalUum 190.86 037 1 1  tl5$ 

Vanadit~~n 2 9 2 4  OJ4 !L6 1S.7 

Z l n ~  213.86 0.099 23 126 

~o-ntr: Lot #: F01130290 Samk R: 2 

Version 4.10.4 u ~ t r u h i r k a t h m ~ r m ~  
8 Rcarlt u krvea rd RL 

. l E q u i d  

DF 

1 
1 
I 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

. 1 
1 

Ins* 

ICPST 
ICPST 
ICPST 

ICPST 
ICPST 

ICPST 
ICPST 
1cm 
1CPsr 
I C P ~  
ICPST 
ICPST 
ICPST 
1 8  
18ST 

ICP 
ICPST 
XCPST 
XCPST 

Anrl 
Date 

9/23/2008 
9/23/Z000 
9123nooo 

JCEST--9D3/2ooO 
9mnoo0 
9mn000 

IcPs l '9N/3000  
9mnm 
9m12000 
9mnm 
9/23/1000 
9mnooo 
9 ~ 3 n o o o  
9n3nooo 
9/23/2000 
9/21/2000 
9/23/2000 
9/23/2000 
snlnooo 
9/23nooo 
9n3nooo 
9/23/2000 



L ST. 'LOWS k, r f i 3  

STGST. LOUIS 

Metals Data Reporting Form 

Sample Results 

Lab Sample 1l): DKA76 Client ID: MMAB3A 

Matrix Soil Unitr: mg/kg Prep Date: 911 9i2000 Prep Bat* 0258412 

Weight: 0.18 Volume: 30 Percent Moistam 11.2 

Corn Lot #: PO1130290 Sample k 2 

* Report 
Element L i d  Cone 

MercW ( 253.7 0.019 1 0 . 0 ~  ( om 
Q 

I cvu )9non000I loss 



ST. lL0UIS 

STGST. LOUIS 

.Metals Data Reporting Fonn * 

S a m ~ l e  Results 

Lab Sample ID: DKA78 Cllent IDt MMAB3B 

soil. Mntrk Units: rn& Prep Date:. 9/15/2000 Prep Batch. 0259344 

Weight: 1.00 Volume: 100 Percent Molstllrc: 14.7 

Element Mass 1 IDL ~lmtt Cone 

alum in^^^) 30821 U 233 10100 

Antimow 206.84 0 s  

Arsenic 189RI 0.16 
49341 038- - 

Buyllim 313.04 0.023 
Cadmium 22630 0.033 
Cnldom 31793 4.9 
Chromium 267.76 0 s  
Cobalt 228.62 O J 1  

C o P F  334.75 Q19 

1- 217.44 2.1 
Lad 22035 O a  
Magdm 279- 13' 

M s n g s m  257.61 0.m 

N i U  231.60 022 
Potasslum 766A9 211 

Selenium 196.03 028 
SllVa ,328. W 0.16 
Sodim 589 203 
~ b a l l i r n  190.86 039 

Vanadim 292.40 034 
z k  213.86 0.094 

~NI ,  1 ICPST 9/23/2000 1 6 3  UL 
r ~mnooo 1 6 s  
1 9123fZOOa-.l.w6 

P U  1 ICPSI' 9R3/2000 1 6 s  
#u 1 ICPSI' 9a3l2OOO 16- 

,Ifg 1 ICPST 9/23/2000 16% 
1 ICPST 913312004 1 6 s  

p 1 ICPST 91t3RD00 16:s 
1 lCPST 9/23/2000 1 6 s  

N 1 lCPST 9/23/2000 16:s 
1 ICPST 911312000 16:s 

g~ r r c ~ s r  gmnooo 16:s 
N 1 ICPST 9/23/2000 16:s 

1 ICPST 9t23/2000 16;s 

#d 1 ICP gninooe 8:4r 
u i IBST gmnooo 16:s 
U 1 lCPST 9fZR000 16:s 

$3 1 1- 9&1/2000 8 d l  
1 ICPST 91231~0~ 16:s 
1 ICPST 9123ROOO 16% 

E 1 I C ~  9mnooo 1 6 s  r 

C0-w Lot #: ~01130296 Sample * 3 

Vasion 4.10.4 U RcruHClarUuntbcIDt F o ~  1 E2pi- 
B RoulrLknrrcoJDLnd11l. 



ST., LOUIS 

STGST. LOUIS 

Metals Data Reporting Form ' 

Sam~le Results 

Lab Sample ID: .DKA78 Client ID: MMABSB 

Mat* Sofi Units: mgikg Prep Da*. 9/19/2000 Prep Batch: 0258412 

WcigLt: 0.1 8 Volome: 30 Percent Mobtmrc 1 4.7 

d 

Report 
Llrrdt Cone 

0.039 0.10 

Q Element 

Mercury 

WU 
M m  IDL 

253.7 ( 0.020 

DF 

1 

Jnstr 

CVAA 

A d  
Date 

snonooo 

Anrl 
Time 

10:~s 



I ^ ,  

. . -. -. Metals Data Reporting Form 

( Sample Results 

1 ' Lab Sample ID: DKA7D Qient ID: MMAWW . 
. . 

~ a t r i ~ .  Soil .. . . . . . . . Prep Date: 9/1 Sf2000 P.rep Batch: 0259340 

Volumc: 100 Percent Moisture: 18.8 

Cadmi- ' 

ManganaC 251.6l 0 . m  0.62 822 
Nichl 231.60 023 4 3  133 
Potassloa 766.49 222 616 1438 
Selenirma 196.03 030 0.62 0 4x839 
Sl~cz 328.07 0.17 0.62 o 
Sodium 589 213 616 GI6 88r+ 
Thallium 190.86 0.41 1.2 t . M  

Vanrdlva~ 292.40 0.15 6.2 319 

ZIac 2 1 3 s  0.09) 2 5  6!L9 

c o d  ~ o t  #: FOI130290 Sample it 4 

V& 4.10.4 U Re8ultirkcnhulbolDL 
B Rcru)tlrkcmcnLDLmdRL 

F o n  I Equidens 



l't ST. I LOUIS 

I STL-ST. LOUIS 

1 Metals Data Reporting Form 

( Sample Results 

L?b S ? m ~ l e  w. DKA7D CUent ID: MMAWU 

Ma& Soil Unjb: mg/kg - Prep Datc: 9/19/2000 . Prep Batcb: 0258412 

Weight: 0.18 Volume 30 Percent Moistarc: 18.8 

Element 
WU 
Ma# 

253.7 Mercury 

I N ~ P  
Report 

D L  L i d  

I ICVM 0.021 0.041 1 @.OW,, 
Dab 

p~ 
Cone 

AMI 
'ripy 

gnonooo 
Q 

la:= 



i ST. LOUIS 

STGST. LOUIS - Metals Data Reporting Form 

. Sarn~le Results 

Lab Sample ID: DKA7E Client I l k  MMAWZB 

M a t h  Soil - Un16r: mg/kg PrepDafc 9/1512000 PrepBatch: 025934 

Weight: 1-00 Volumc: 100 Percent Moisture: 11.7 

Antimony 
Arselc 
-3ari- 
Beryllfom 
c ~ a d l m  
CakjulP 
Chromium 
Cobalt 

coppa 
ham 
Le8d 
MagnuiUnI 
Mangan? 
Nickel 
Potasdam 
Selenium 
Silva 
Sodium 
Thallium 
V8nadi.m 

DF hstr 

1 ICPST 
I ICPST 
1 ICPST 
: mfST 
1 1cm 
1 ICPST 
I ICPST 
1 ICPST 
1 ICPST 
1 ICPST 
1 ICPST 
1 ICPST 
1 lcPST 
1 ICPST 
1 lCPST 
1 ICP 
1 I B S T  
1 I B S T  
1 I 8  
1 I m  
1 ICPST 

~ r u l  
Date 

gnlnooo 
9 n i ~ o o a  
9i21ROOO 
9t3:m008* 
g n i n o w  
9n1nooo 
9/2lROW 
9/21/2O(H 
9/21120W 
9/21/2W 
g n ~ n o ~  
gninow 
9/21/2OM 
9121/20M 
mlno(H 
snonooa 
9/2lR000 
9/21/2000 
9R012000 
gn~nooo 
gnino09 
sninooo 

AP.I 
Tim 

9 : ~  
9:14 
9:14 

9:lr 
9:14 
9:14 
9:14 
9:14 
9:14 
?:id 
9:14 
):I4 
9:14 
9 : ~  
i3:4t 
9:14 
9:14 
13:42 
9 : ~  
9:14 
9:lr 



IE ST. ' LOUIS 

STLST. LOUIS 

Metals Data Reporting Form 

: Sample Results r 

- Matrix: Soil Udb: mg/kg Prcp Date 9/19/2000 Prep Batch: 0258412 

WoigM: 0.18 Vohme: 30 Percent Moisture: 11.7 

WU 
Man Conc Elrmcntv 

Meraty 20.7)  0.019 ) 0 .03  I 0.0s 

Q 

? 



ST. LOUIS k.. r CJ+ 

STtST. LOUIS 
"4 Metals Data Reporting Form 

S a m ~ l e  Results 

Lab Sample DKA7H Client ID: MMAWZC 

M a t h  Soif Unfts: m@cg Prep Date: 9/15/2000 Prep B a a :  0259340 
Volnmr: 100 Percent Moishue: 13.2 Weigbt: 1-00 

&-Q: #: FO1130290 Sample #: 6 
U Rauhbkrrdua*~ V h  4.10.4 

R s u k l r b a w ~ ~ ~ l ~ ~ ~ ~ ~  
Form I Eqrriwlenl 



L ST. ' LOUIS 

LOUIS 

Metals Data Reporting Farm 

Sample Results 

Lab Sample . . -- ID: DKAm Client ID: MMAWX, 

~ a t r l . :  . .  Soil ... -. UDSQ: m a  Prep Date: 9/19/2000 Prep Batch: 0258412 

Weigbt: 0.18 Volu- 30 Percent Molshm:  13.2 

 mu: ~ o t  #: F01130290 Sample #: 6 

Vuaioa 4.10.4 U ~ c r u l ( u k P r h m h 1 ~ ~  
B ~ a u n i a b c i m e n ~ ~ ~ ~ l d ~ ~  

Am I Equiwlent 

0 
I 1 c v ~  19nonooo1 lo:& 

i 

Element 

n9c-q 

R = p d  
Llrnlt 

0.038 

w 
Mass lDX, 

253.7 0.019 

Cone 

0.038 



ST. 'LOUIS 

-C- 

+rr, z CI* 
STGST. LOUIS 

~ e t a l s ~ a t a  Reporting Form 

Sample Results 

Lab Sample LD: DKA7M Clle'nt ID. MMAW2CD' 

. Matrix: Soil . .. Unfb: . rn& . Prep Dak: 911 5f2000 Prep Batch: 0259340 . .- 

Weigh& 1-00 Volume: 100 Percent Molshut: 18.4 

LOT # FOI130290 
1s: 

IDL 

2.7 
0.29 
057 
0 3  

0.0a 
0.037 
S.l 

OJ4 
OJZ 
8.S 
2.a 

0.23 
5.l 

0.037 
0.23 
221 
0.29 
0.17 
21J 
@A@ 
0.15 

0.098 

WIJ 
Maw 

308.22 
206.84 
189.04 
4 9 3 4 s  
313.04 
2 2 6 s  
31793 
267.76 
228.62 
334.75 
21 7.44 
220.35 
279.08 
25761 
231.60 
766.49 
196.03 
328.07 
589 

190.86 
292AQ 
213.81 

- 

Element 

Aluminum 

AntimofV 
Arredc 
Bad- 
Buyl l i tm 
C a d d m  
CI k i ~ r  
Cbrodmx~ 
Cobalt 

copper 
lroo 
L a d  
M a g n u I ~  
Mangancr 
N k k d  
Potrstirnr 
Sclenirrm 
Silver 
S o d i m  
ThalUla 
VanadJPm 

2!.iu 

Report 
Limit 

245 
7A 
1 3  

0.61 
0.61 
613 
OAl 
6J 
3-1 
12.3 
037 
613 
OAl 
4 3  
613 
0.61 
0.61 
613 
13 
61 
23 

Cone 

19900 
7.v &o+ 

153 

2 4 ~ # 9 - - - w  
6.~1- 

0.68 

613 +H 
35A 
6.8 
213 

35500 

23.4 
637 
376 
171  
M 

r .b\ 8 S  
+42 

n . ~  a 
1 . t  8;1# 

7 5 3  
37.7 

0 DF 

N 1 

 NU I 
1 
' 

pJ I 
I 

,Jlv 1 
1 
1 
1 

N I 
1 
1 

N 1 
1 

JSv 1 
U 1 
U 1 

$V I 
$L 1 

1 
E 1 

V L  

r 

lnrtr 

ICPST 
ICPST 
ICPSI' 

ICPS~ 
JCPST 
ICPST 
1CPST 
ICPST 
lCPST 
ICPST 
1CPST 
ICPST 
ICPST 
1CPST 
1- 
ICPST 
ICPST 
I 
lc~sr 
ICPsr 
lCPST 

A d  
Dab 

9/21/2000 
sn~nooa 
9/21/2000 

U Z P S f - 9 C U l t 0 0 0 ~  
9nlnoo0 
9/21/2000 
9/21/12000 
9/321/2000 
9/21/20W 
9/21/2000 
gninooo 
9r21~000 
sninooo 
g n ~ n o o o  
9/31/1000 
9/20/1000 
9/21/2000 
9/23/2000 
~IZOROM) 
sninooo 
9/31now 
9/21/2000 

And 
Time 

9:47 
9d7 
9d7 

9;47 
!k47 
9~47. 
M 7  
M 7  
%47 
4 ~ 7  
9:47 
9:47 
9:47 
9:CI 
14:m 
9A7 
9:47 
14:m 
w 7  
w 7  
947 



I ST. toms Frr r ce9 

S'IZST. LOUIS 

Metals Data Reporting Form 

Sarn~le Results 

Lab Sample IP. DKA'N Client ID: MMAW2m 

Ma- Sol1 Units: rn- Prep Date: 9/19/2000 Prep Batch: 0258412 

Weigbt: 0.1 8 Volurne: 30 Percemt Moisture: 18.4 

comments: ~ o t  #: POI 130290 Sample #: 7 

Vcrsioo 4.10.4 u m u k a ~ m r h c r n ~  
B Rcurlthkt*KarIDLmd11l. 

Fonn I Equiwbrrl 

Element Conc 

Mercury ( 2S3.7 1 0.020 0.041 10.dh 
Q DF 

I 

Insir 

CVAA 

Anrl 
Date 

9I2Of2000 

Anrl 
Time 

lo:* 



La ST. LOUIS 

- Metals Data Reporting Form 

Samvle Results 

Lab Sample ID: DKA7N CIIent ID: MMAU2A : 

Matrix -. - Soil Unitr: mmgntg PrepDate: 9/15/2000 PrepBatch: 0259340 

Weighk 1.00 Volume: 100 Percent Moistun: 145 

C o r n m e  L O ~  #: F0113 0290 Sample k 8 
U RuuhilkrrllmrhIDL 

V a s h  4.10.4 Fom I Q u h a h t  B RrrultukhweenlDLmdRL 

LDL 

2.4 
028 
0.16 
n.n 

0.m 
0 .03  

4 4  
0.13 
0.U 
0.19 
2.l 

0.22 
4.8 

0.035 
0 s  
211 
0.28 
0.16 
201 
0.39 
OJ4 

0.091 

WU 
MI- 

30833 
206.211 
J 89- 
4 9 3 4 -  
313.04 
2 2 6 s  

317.93 
267.76 
228.62 

324.75 
217.44 
22035 
279.1 
2 
231.40 
766.49 
196.03 
328.07 

58) 

190.86 
292.46 
213.86 

- 

> 

Elemeut 

Aluminum 
AntimOOY 
Ars& 
B a A u a  
BcrylliUm 
C~dmlum 
Calcium 
Chromium 
Cobalt 

copper 
Iron 
Lud 
MngnesimE 
Mnngan- 
IViekeJ 
Potassirmr 
Selenium 
Silver 
s C d ~ m  

'Zballimn 
Vanadl~m 

zI.c 

Report 
Limit 

23.4 
7.0 
12 

COM 

4734 

7.0 
4 3  

0 
N 
UN 

7% 

OJ9 
059  

58s 
059 
53 
2 3  

11.7 
035 
58s 

0 3 9  
4.7 
8 5  

0.59 
0.59 
58s 
1.2 

5.9 
23 

ICPST 
ICPST 
ICPsT 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPsr 
ICPST 
rcPsT 
1 8  
ICPST 
ICPST 
1 8  
I B S T  
ICPST 
ICPST 

DF 

1 
1 
I 

~ . f i  
0 . ~ 4 ~  
nf -&@9 

10.9 

q 
53 

9990 
109 

nr i(# 
43.0 

q.3 
$7rW 
0.n- 

0.r4 t~ 

n(+9rL 
I.bW@ 

225 
14.4 

Jnstr' 

ICPST 
~CPST 
ICPST 

J. 

--9,a 
9n1nooo 
gninooo 
9/2l/2000 
9IZlR000 
9/21/2000 
9l21fZOOO 
9/tlR006 
9/21/2000 
9/31/3000 
9nitzooo 
gni/2000 
9R012000 
sninooo 
sn~nooo 
9I20ROOO 
9/21/2000 
9/21/2000 
sn~nooa 

p 
BV 
bV 

$v 

N 

$3 
N 
gl/ 
U 
u 
u 
pd 
u 

E 

9:s 
9 : s  
9 s  
9:s 
9 : s  
en 
9:Sf 
9:s 
9:s 
9 : s  
9 s  
14:12 
9 : s ~  
9 5 2  
I4:u 
9 : s  

9 - S  
9 : s  

1 

I 
I 
1 
1 
1 
1 
1 
I 
I 
1 
I 
1 
I 
1 
1 
1 

1 
1 

*L 

A d .  
Dmta 

9n112ow 
sn~nooo 
snrnooo 

Anrl 
rims 

9 s  
9:sl 
9:s 



ST. 'LOUIS 

Metals Data Reporting Form 

Samvle Results 

Lab-emple DKA7N Cllent ID: MMAUU 

Mntrfx: S d  . -.. Unb: mg/kg Prep Date 9/19/2000 Prep Batch: 0258412 

Wefgbt: 0.18 Volu- 30 Percent Moisture: 14.5 

comu1~:  LO^ #: FOI130290 Sample U: 8 

Version 4.10.4 u b l t i s I - w r h e r n L  Fonn I Equiveleni 
B Rcouh k between IDL u d  RL 

Element 

M r r c W  

Report 
L f d t  Cone Q 

2a7 0.020 0.039 f iJ 
b h 11.11 



STL-ST. LOUIS 

Metals Data Reporting Fozm 

Sample Results 

Lab Sample DKA'IT Client iD: MMAU2B 

Matrir: soil . UniQ: mg/kg Prep Date: 9/15/2000 Prep Batch: 0259340 

Weigbt: 1.00 Volow: 100 Percent Moisture 26.7 

A d 9  
Time 

9:5 
9s6 V L  

, 9:56 
-- 

I 
9 : s  
95 
9:56 
9:56 
95 
95 
9:5 
9:5 
9:5 
0 . 3  
9:5 
14:36 
9:5 

1 9:s 
I 14:14 

9:- 

9:5 
9:56 7 

~ a ~ - :  L O ~  #: F0113M90 Sample & 9 
Fom I E q u i d m i  



' ST. 'LOUIS 

Metals Data Reporting Form 

Sample Results 

Lab sample DKA7T CUent ID: MMAU2B 

Mat*: Sail Units: mg/kg Prep Date: 9/19/2000 Prep - -  Batch: . - 0258412 

Weight: 0.18 Volunw 30 Percent MoIstnrc: 26.7 

~ ~ ~ ~ a :   LO^ #: F01130290 Sample #: 9 

V c n h  4.10.4 U RnuIt irIcss thmltm~ 
B RclultLbctwrrnIDl.~~L 

F O ~ U  J E q u i v o l ~  

I. WU 
Elerneat Maas 

MercUq ( 2S.7 * 

Report 
TDL Limft Cone 

' 0.09 1 0.046 0.14 

ADpl 
Date 

1 CVAA 9/20l2000 

And 
Tim 

10:s 



L' ST. LOUIS F,- L c * v  
STLST. LOUS 

A . Metals Data Reporting Form 

sample Results 

Lab Sample ' DKA7V Client ID: MMAUZC 
-. . . . 
~ a t r i x :  Units: mgkg Prep Date: 9/15/2000 Prep Batch: 0259340 . . 

Weighf: 1.00 Volume: 100 ' Percent Molstwe: 25.9 

,dm Lot f i  F01130290 Sample #: 10 

Vmim 4.10.4 U RgultkkrOwthIDL FOW / Equivurk 
B Ren,1tisktmpcnIDL&RL 

".- 

Report 
Limit 

274 
8.1 
1.4 

27.0 
0.68 

0.68 
675 
0.68 
6.8 
3.4 
13s 
0.41 
675 
0.68 

5.4 
67s 
0.68 

675 
1 4  
6.8 

2.7 

WU 
Element Mass IDL CON 

26200 

8.1- 
lt6 

azp 18.1 
o.bt0.62 

0.n 
$71 124 

498 
10A 
266 

41900 

33A 
784 

536  
23.7 

6 7 f ~  
0 6 )  8533 

0.68,.b?&LO 
~ 7 f  6(M 

1.q 0.8% 
85.2 

603 

Aluminum 
AntlmODy 

Arstnk 

Barlua 
Beryllium 
Cadmium 
C n l d m  
C h r o d ~ m  
C O W  

coppa 
lrolr 

Lud 
Magnesim 
MnngrneR 
NIckd 
Potarsilmr 
Seleni~m 
Saver 
Sodium 
ThrllJm 
Vanadl~m 
Zinc 

308.22 
306.84 
1 8 s . ~  
493.41 
313.04 
22651 
31733 
267.76 
228.62 
324.75 
211.44 
22035 
279.08 
237.61 
231.60 
766.49 
196.03 
328.07 

589 
190.86 
292- 
213.86 

V L  

J 

Q 
N 

J&U 

gJ 
llJ 

$d 

N 

N 

)fv 
U 
U 
#V 
$u 

E 

2.9 
032 
0.19 
0.43 

0.027 
0.041 

5.6 
U S  
044 
0.22 
2.4 

0.24 
S.6 

0.041 
0 s  
2 4  

0 3 2  
0.19 
232 
0 4 5  
0.16 
0.11 

DF 

1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
i 
1 
1 

INtr 

ICPST 
ICPST 
I C P ~  

ICPST 
ICPST 
1 8 -  
I C P S  
lCPST 
ICPST 
~CPST 
lCPST 
ICPST 
ICPST 
ICPST 
1- 

I B S  
1 8 s  
1 
lCPSr 
ICPST 
ICPST 

A d  
Daie 

9/21/2000 
9121~000 
snrnooo 

JCPSILaUIQ!IMJ&I1 
gnrnooo 
9131/2000 
9/2l/2000 

.9/21/2000 
9/21/2000 
9 n 1 n m  
sninooo 
9/21/2000 
snlnooo 
9nlfi000 
g n ~ n o o o  
9/20/20W 
9/21/2000 
9/21/2000 
9IZOl2000 
9i2111000 
g n i ~ o o o  
9/21R000 

Amrl 
Time 

1O:Ol 
10:#1 
~oai 

I O ~  
1031  
1 0 a l  
1Q*1 
1O:Ol 
IO:OI 
ioai 
10*1 
ioai 
l 0 a l  
10.91 
14:20 
1 0 1  
1Q.01 
14:20 
1 W 1  
r o a i  
10,91 



fi  ST. LOUIS 
L f  err 

STL-ST. LOUIS 

Metals Data Reparting Form 

Sample Results 

Lab Sample ID: D M  Client ID: MMAU2C - . -7. 

Ma& Soil Unib: m& Prep Datc. 9/19/2000 Prep Batch: 0258412. , 

amments: L O ~  #: FOII 30290 Sample lY: 10 

Version 4.10.4 U Ruultbkrtthmth~mL Fonn I E q u ~ h l  
B h& i8 between IDL n d  RL 

- 
Q 

Re- 
Llmit COW 

0.045 ( 0.27 

WU 
Element Mass 

Mercurg 1 2a.7 

TDL 

0.09 

D 

1 

Bslr 

CVM 

A d  
Date 

9l2Ol2000 

AnnL 
Tim 

10:56 



& ST. -LOUIS 

- 
k, + -, 

STL-ST. LOUIS 

Metals Data Reporting Form 

Sample Results 

~ a b  Sample ID: DKA7X CUent ID: MMAUl A 
i 

Mntrir: , Unlb: m a g  Prep Dabt: 9/15/2000 Prep Batch: 0259340 

Weight: 1.00 Volumc: 100 Percent Moistun: 10.3 

c ~ ~ ~ o :  ~ o t  #: For1 30290 Sample k 1 1 

Versiw 4.10.4 U R o u I t i g b t h n t l r l C f ,  
B Rrsu)llgba,-,,~.dRL 

Fom I Eqrrivalent 



CI' ST. LOUIS 

Metals Data Reporting Farm 

Sample Results 

Lab Sample ID: DKA7X 

Matrix Soil U n h  mmg/kg Prep Date  9/19/2000 PrepBatch: 0258412 - 
Weighk 0-18 Voluw: 30 Percent Moisture: 10.3 

commentr. ~ o t  k F01130290 Sample * 11 . 

Version 4.10.4 U R c r u l t b k r r t h m t k c ~  
B R c r u l t u k t w a a ~ l ~ ~ ~ ~ ~  

Form 1 E q u i v o k  



;II ST. *LOUIS 6- 2 C a  9' 
STL-ST. LOUIS 

- Metals Data Reporting Form 

S a m ~ I e  Results 

Lab Sample ID: DKA81 Client ID: MMAUlB 

Mairlx: Soil - Units: m f i g  Prep Date: 911 5 0 0 0  Prep Batch: 0259344 

Weight: 1.00 Volume: 100 Percent Moisture: 19.9 

Barium - 
BerylUum 

IDL 

2.7 
030 
0.18 

Element 

~lwnlnum 

An- 
Arsenlc 

Report 
L i d  

7.5 
1 3  

C a d d u r n  
Calcium 
Chromllam 
Cobalt 

C O P F  
Lnr 
Lud 
Mngnesium 
Manganese 
Nlcld 
Potassluar 
Sclcnium 
sihnr 
Sodfam 
T h a l l l ~  

V a n r d i ~ m  

Zinc 

WU 
Mmn 

30822 

206.84 
189.04 

Coac 

42900 
7.r- 

19.8 

Q 
N 

493.41 
313.04 

a-nbr: Lot R: F01130290 Sample & 12 

V t s b  4.10.4 U R a u l t I r l u C t h r n ~ ~  e R ~ U ~ L ~ C ~ ~ ~ I D L ~ ~ R L  
Form I Equivoient 

18ST 
ICPSX' 
ICPST 
ICPST 
ICPST 
ICPST 
XCPST 
ICPST 
ICPm 
ICPST 
lCPST 
ICPST 
ICPST 
ICPST 
ICP ' 

ICPST 
ICPST 
ICP 
ICPST 
ICPST 
ICPST 

226.50 
317.93 
267.76 
228.62 
324.7s 
217.44 
22035 
279.08 
257.61 
231.60 
76449 
196.03 
328.07 

589 
190.86 
292.40 
213.86 

DP I Tnstr 

1 l1CPS'T 

0.4 
0.025 

Date I TI- 

9 ~ / 1 0 l M J (  17:lO 
9/23/2000 
9t2312000 
9/23/2000 
9123/2000 
9i23nooo 
9/23/2000 
9/23/2006 
91anooo 
9/23/2000 
9/23/2000 
9/23/2000 
912311000 
9/23/2000 
9/23/2000 
9/21/2000 
9/23/2000 
9/23/2000 
9/21/2000 
gn3nooo 
9n3nooo 
9/23/2000 

0- 
5.l 

OJ4 
0.l3 
0.24 
23 

0.24 
S J  

0.038 
034 
225 
030 
0.18 
213 
0.41 
OJS 
0.10 

17:lO 
17:1@ 
17:lO 
17:lO 

. ii:lo 
17:10 
17:lO 
17:zo 
17:14 
17:lO 
17:lO 
l7zlO 
11JO 
17:lO 
8 s  
17:lO 
17:lO 
8 s  
IV:IO 
n:io 
l7:lO 

25.0 
0.62 

53.l 
23  

0.62 
624 
0.62 
6.2 
3.1 

1 2 s  
038 
624 
0.62 
5.0 
624 
0.62 
0.62 
624 
1 3  

63 
2 5  

032 
b%C( 433 

361  
8- 
34.4 

31400 
26.8 

37700 
282 
59b 
6220 

0~%%30 
0 . t ' ~  W+ 
baq* 

1.8 
68.8 
96.0 



L ST. 'LOUIS 
m + fie 

STGST. LOUIS 

Metals Data Reporting Form 

. Sample Results 

Lab Sampk I '  DKA%1 Client ID: MMAUIB 

Soil Ma* Units: rngflrg Prep Date: 9/19/2000 Prep Bat* 0258412 . .- 

Weight: 0.18 - Voluma 30 Percent Mobhnr: 19.9 

 LO^ #: ~01130290 Sample U: 12 

V c h  4.10.4 U R a u h u k m t h ~ ~ M .  
Ei R r w l i t b e ~ l ~ ~ & ~ ~  

Fonn I EquiwIcnt 

And A d  
Cow lnstr Date Time 

0.12 I 
L 

Repart 
Llm# 

0.042 
Element .- 
Mercury 

WU 
Man IDL 

2 ~ 7  ( 0.021 



U ST. 'LOUIS kh L cav 

STLST. LOUIS 

Metals Data Reporting Farm 

, S a m ~ l e  Results 

: Labsample DKA82 Client ID: MMAUlC 
i 

I Mat* Units: mgkg Prep Do& 9/15/2000 Prep Batch: 0259344 

WeigM: 1-00 Volume: 100 Percept Moisturn 193 

VL 

]DL 

l.7 
0.30 
U 7  

0.025 
0.037 
M 

0.14 
0.13 
0.24 
2.2 

0.24 
L1 

0.031 
034 
223 
0.30 
0.17 
213  
0 A1 
OJS 

0.099 

WU 
Maw 

30832 
206.84 
189.04 
4 9 3 4  
313.04 
22630 
31733 
267.76 
228.62 
324.75 
217.44 
22035 
279.08 
257.61 
231.60 
766A9 
196.03 
328.07 
589 

19086 

292AD 
213.86 

"-. 

t 

Elemeat 

Aluminum 
An- 
Arsenic 
s p a  
Bery U i u r  
Cadmium 
C~lclrrm 
Chromium 

Cob& 

coppa 
I r a  
Lud 
Magnesium 
MangaPcr 
NieLd 
Potassium 

Selenirrm 
Silrer 
Sodium 
T h a l I l ~  

Vanadium 
Ziw 

Report 
Llmlt 

24.8 
7.4 
1.2 

Conc 

47900 
7.y eaa 

3 5.9 

Q 
N 
UN 

N . 

N 

U 
u 
#U 

E 

DF 

1 
I 
1 

o ~ a - d 4 . *  
0.62 
0.62 
624 

0.62 

6.2 
3.l 

12.4 
037 
62a 

0.62 
5.0 
620 
0.62 
0.62 
620 
1 3  
63 
2 5  

Anal 
Date 

9/23/2000 
~maooo 
9/23/2000 

1CPm 
IBST 
ICPST - I 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

53 
1 3  
951 
39.7 
943 
31.7 

35109 
18.7 

58108 
366 
943 

1 0 M  

r 4 ~  63& 
0 . t ~ ~  

G%Q H-9 
2 9  

754 
218 

Anrl 
n r -  
17:14 
1 7 : ~  
17:14 

~ ~ 3 ~ 1 0 0 ~  
9 r 2 3 n 0 ~  

.9/23/2000 
9/23/2000 
9/23/2000 
9rUC2000 
9/23/2000 
9/23/2000 
9/U/2000 
9 /~ /2000  
9/~/2000 
9123f2000 
9 / ~ 1 ~ ~ 0 0 0  
9i23ROOO 
smnooo 
9/21/2000 
9/23/2000 
grunooo 
9l2312000 

JGPST 
ICPST 
ICPST 
ICPST 
lCPST 
ICPST 
ICPST 
ICPST 
ICPST 
~CPST 
ICPST 
lCPST 
1 8  
1 8 S T  
rmsr 
ICP 
ICPST 
ICPST 
ICPST 

~ 
1744 
1%14 
17:14 
1%14 
17:14 
17:14 
17:14 
17:14 
17:14 
17:14 
17:14 
8 s  
17:14 
1114 
8% 
17:14 
i7:14 
17:14 



'fr ST. 'LOUIS 

S' IZST.  LOUIS 

Metals Data Reporting Fonn 

Samvle Results 

Lab Sample ID: Dm82 ---- Client ID: MMAU lC 

Maalx: Soil Untb: mgkg Prep Date: 9/19/2000 Prep Batch: 0258412 

Wdght: 0.18 Volume: 30 Percent Moistom 193 

Co-cntr: Lot #: F011302~ Sanrple #: 13 

Vcrsion 4.10.4 U k u H b ~ t r s t h . n ~ l r e ~ ~ ~  
B R c v l t i r k m ~ ~ ~ l ~ L . n d ~ ~  

Form I Eqv)wlart 

. wu 
Elerncut M a u  JDL 

Mercury ( 253.7 ( 0.021 . 

Q 
Report 
Limit 

0.041 

Conc 

OJ1 



3 ST. 'LOOIS 6, r c a r ,  

STLST. LOUIS 

Metals Data Reporting Fom 

Sample Results 

Lab Sample ID: DKA84 Client ID: MMAWA 

Ma* sod Units: mgkg Prep Date: 911 51'2000 Prep Batch. 0259344 

Volume: 100 Percent Moisture: 13.7 WeigM: 1-00 

U RrrultiBlesathnlhelDL 
B Raulc h between IDL and RL 

Form I Equivalent 

WU 
Element Mau 

~ l u r n l ~ ~  30832 
Antimow 2 06.04 

A r s e b  189.04 
4 9 3 4  Bod-- 

Bcryllhm 313.04 
Cadmlam 2 2 6 9  

Cnlcilm 31733 
Chromium 267.76 
Cobalt 228.62 

324.75 c o p p a  
I u  21 7.44 

Lad 22035 

M n g n r ~ i W  279.08 
Manganm 257.61 
Nickd Ul.60 

Potassium 766.49 

Selcnhl 196.03 
S i l w  328.07 
Sodium 589 
Thallium 190.86 
Vanadim 292.40 
ZIac 213.86 

IDL 

2 3  
0.28 

a16 
0 3 ?  
0.023 
Om 
u 

0.l3 
0.U 
0.19 
21 
0.22 
4.8 

0.035 
032 
209 
0.28 
416 
I 9 9  
0 3 8  
0.14 

0.093 

Report 
Llmft 

233 
7.0 
1 3  

73 L) 

O S  
0.58 
sf9  
0 s  
5.8 
2 3  

11.6 
035 
579 
O S  
4.6 
579 
0.58 
0.58 
579 
1 3  
sa 
23 

Q 
N 

)fld 

Conc 

15400 
7.04M& 

2.7 
- 150 

0.99 
0.67 

ZZIH 
26.1 
133 
13.6 

23809 
134 

3 028 

776 
UJ 
1364 

0.f) 

6.n- 

nqnc 
2 1  

43.6 
61.1 

1 
1 
1 

ICPST 
ICPST 
ICPST 

T 

V L 
9/23/2000 

g m n o w  
9R3l2008 

17:19 
_r7Lt@ 

17:19 
17:19 
17:19 
17:19 , 

1%19 
1'1:19 
17:19 
1 ~ 1 9  
17:19 
1R19 
1t:19 
9:W 
17:19 
17:19 
9.- 
17:19 
1 7 : ~  
17:19 

17:19 
17:19 

N 

N 

U 
U 

E 

1 - 
1 
1 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
I C P ~  
I 8  
ICPST 
ICPST 
1 
lCPST 
ICPST 

903CZOOQ 
9123~000 
9/23/2000 
smnooo 
g m n o o o  

9rUROW 
9/23/2000 
gmnooo 
9123/2000 
9/23/2000 
9rUR000 
9runooo 
9t218000 
9123ROOO 
9/23/2000 
gninooo 
9/23/2000 
9 m n o w  

ICPSI-9R3/2000 



b ST. 'LOUIS 
Le, s c . 9  

STGST. LOUIS 

Metals Data .Reporting Fom 

Sample Results 

Lab sample a DKA84 Client m: . MMAW3A 

M a w .  . Soil Units: m g k g  Prep Date: 9/19/2000 Prep Batch: 0258412 

Welgbt: 0.18 Volums: 30 Percent Moistarc: 13.7 
. . 

Cow 

a;wt I $uI 1 

Elemeat 

Mercue - 

Report 
Limtt 

2 A 7  1 0.019 1 0.M9 



U- Metals Data Reporting Fonn 

Samnle Results ~ ' 

Lab Sample 1l): DKDT2 CUen t ID: MMAW3B 

Matrix: Soil UniW rn@g Prep Date: 911 SBOOO Prep Batch: 0259344 

Weight: 1.00 Volume: 100 Percent Mojstnrc: - 17.8 

c o m r n c ~  ~ o t  #: FOII 30290 Sample #: 16 
U Result u krr dun thc a 

Venioll4.10.4 F o ? ~  I E g r u * d d  
B Ruult i~ bthrrm IDL ad 

IDL 

2.7 
0.29 
0.11 

0.024 
0.031 

5, 
0.l3 
0.lZ 
0.20 
2 2  

0 s  
5.0 

0437 
033  
21 9 
029 
0.17 
20.9 
0 .a  
0.15 

0.097 

WU 
M e n  

308.22 
206.84 
189.04 
493.43 
313.04 
22650 
31733 
2 67.76 
228.62 
324.75 
217.44 
22035 
279.08 

257.61 
231.60 
766.49 
196.03 
328.07 

589 
19086 
292.40 
213.86 

L4 

Element 

Alumlnum 
Antlmorrg 
Arsealc 
BolS~tfe 
Beryllium 
Cadmltm 
~ a l c i u m  
Chromium 
Cob& 
C O P F  
Ima 
Lead 
Magnesim 
MangaMw 
Nlckd 
Potassium 
S c l ~ ~  
Siha 
Sodium 
Thallium 
Vanadium 
nu 

Report 
Limit 

2 4 3  
7 3  
1 3  

24.3 
0.61 
0.61 
6W) 

0.61 
6.1 
3.8 

037 
608 

- 041 
4 3  

608 
0.61 
0.61 
608 
1 2  
6.l 
2~ 

C o x  

24000 

7.3 M 
3 3  

4-!B 
1.l 
1.l 

1 256 
46.7 
2 0 3  
2 5 8  

40700 
16.6 

5850 
m 
21.7 
2980 

@.b\&29-  
Oll BrW. 
bb? 436 

3.1 
744  
93.4 

Q 
N 

$NO 

N 

N 

U 
U 
pu 

E 

DF 

1 
1 
1 
? 
1 
1 
1 
1 

1 , 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 

V L  

lnstr 

ICPST 
ICPST 
ICPST 

ICPSI' 
ICPST 
ICPST 
ICPST 
I C P ~  
ICPST 
ICPST 
ICPST 
CPST 

KIST 
lCPST 
ICP 
ICPST 
I B S T  
I B  
ICPST 
ICPST 
ICPST 

Date 

9/23/2000 
91;23/2000 
gmnooo 

I€PS%9/URQWfW= 
9/33/2000 
9/23/2000 
9/23/2000 
9/13/2000 
9n3nooo 
9n3nooo 
9 ~ 3 n o o o  
gn3nooo 
9n3/2000 
9n3nooo 
9/23/2000 
g n i n o w  
9/23/2000 
9LEV2000 
9/21/2000 
9n3nooo 
9/23/2000 
gn3nooo 

Arul 
- 

Time 

17m 
17- 
17:a 

17- 
17;- 
17- 
17213 

1 7 ~ 3  

17:s 
17:23 
17:s 
17:13 
9:m 
1723 
1 7 s  
9:03 
i7:a 
17:a 
1 7 : ~  . 



PL* ST, 'LOUIS fbe, J .  C=#r 

STL-ST. LOUIS 

Metals Data Reporting Farm 

.- Lab Sample ID: 
D m  Client 1I.R MMAW3B 

Soil Matrix: U n j k  mg/kg Prep Date= 9/19/2000 Prep Batch: 02591 83 

Weight: 0.18 Volume: 30 Percent Molstatc: 17.8 

comrnQltr: L O ~  #: FOII 30290 Samole #: 16 

Version 4.10.4 U R a u h L k r s t h t h e ~  F o ~  I Equivaht 
B R u u l t i r k t m e a l ~ L d ~ ~  

, 

Q Conc 
WU 

Element M m  
Report 

IDL L f d t  

0.041 ] 4oy. MercurJr I 253.7 pL( 1 C V U  9Il9ROOO 17:47 0.02fJI - -d a 



ST- 'LOUIS 

STL-ST. LOUIS ' 
44 Metals Data Reporting Form 

Sample Results 

Lab Sample ID: DKM3 Client ID: MMAW3C - 
Mat& Soil unk m f l g  . Prep D a t c  9/15/2000 Prep Batcb: 0259344 

Volume: 100 Percent Moist- 16.3 Weight: 1-00 

~tement I Mnsr JDL ~ i m ~ t  Conc 

Alnmlnllm ( 30822 2.6 233 25600 

Antimow 206.84 0.29 7.2 7-b S 
A r s e S  189.04 0.17 1.2 4 4  

-Barium 4 M  0- 97 0 123- 

Buyllirm 313.04 0.024 0.60 1 3  
Cadlniua 22650 0.036 0.60 13 
Caldum 31 7.93 4 9  597 1060 
Chromium 267.71 0.D 0 -66 4 0 3  
Cobalt 228.62 012 6.4 20, 

COPP 334.75 0.19 3.0 275 

Iron 217M 2.2 12.0 4390@ 
Ltrd 220.35 0 2 3  036 16A 
Magneslm 279.08 5 8  597 

- 5690 

M a n g a m  257.61 0.036 0.a  735 
Nidrd 231.60 0.23 4.8 21.4 
Potasslum 766A9 215 597 29U 
Selenium 196.03 0.29 0.60 O.bOm& 

Silva 328.M 0.17 0.60 e4obstJ. 
Sodllnn 589 203 597 fqqW3 
Th a Ilium 190.86 0 3 9  13 3 3  
Vall~dlum 292.4Q OJ4 6 6  795 
Zillt 213.86 0.0% 2.4 84.8 

I Q I DF I Ynstr 1 Date 1 Time 

ICPST 9rUROOO 17:28 
~CPST 91~312000 17:n 
ICPST 9 1 ~ 1 ~ 0 0 0  17:m 

- - 9CUlz00Q m 
ICPST 9rU/2000 1728 
ICPST 9mnooo 17:a 
ICPST 9/23/2000 1798  
ICPST 9 m n 0 0 0  17:za 
ICPST 9/23/2000 1798 
ICPST 912312000 17:28 
ICPST 912312000 17- 
ICPST 9123/2000 11:UI 
ICPST s+mnooo 
ICPST 9/23/2000 17:UI 
ICPST ~ ~ 2 3 n o o o  17:~) 
I 912112000 9m 
lCPST 912312000 17-28 
ICPST 9/23/2000 1728 
ICP 9/21/2000 9 : ~ 7  
ICPST srunooo m a t  
lCPST 9/23/2000 17- 
ICPST 9/23/2000 17:28 

Co-entr: Lot #: F01130290 Sample #: 17 
U k ~ l t  u ku rb.n tlw lDL Ver~iom 4.10.4 Form 1 E q u i v a b  
B R a u l t h k ~ I D L m d R l ,  



TL ST.' LOUIS 6- r C* 

STLST. LOUIS 

Metals Data Reporting Form 

. Sample Results 

' Lab Sample ID: DKDT3 client ID: MMAW3C 
L 

' Matrix: Soil Units mg/kp; Prep Date: 9/19/2000 Prep Batch: 0259183 

Weigbk 0.18 Volume: 30 Percent Moisturn: 16.3 

WU Report 
Element Mam LDL Limit conc - 
Mtrcur) ( 253.7 0.020 0.040 wa I pU 1 cvu, )snsnoooln:r  

nndn 

Lor #: F01130290 Sample #: 17 

Version 4.10.4 U RauhirkathmlhtrDf. 
R e u r h i r k t r a a r l D L ~ ~  

Form I Equiwl.nt 



Metals Data Reporting Form 

. S a m ~ l e  Results 

i Lab Sample DKDT4 Client ID. ' MMAW3CD 

: ~ a t r i r :  Soil Unfb: mgkg Prep Date: 9/15/2000 Prep Batch: 0259344 

Weight: 1.00 Volume: 100 Percent Moisture 13.8 

amme:  LO^ #: F01130290 Sample lY: 18 

Version 4.10.4 U k u l t ~ k r r l h r n ~ ~ ~  Fom I Eguiwlcnt B RavhhbalvcCnl#.mlRL 

LOT # ~01130290 

IDL 

tj 

0.28 
0.16 
n 3 1  

0623 
0.035 

4.8 
0.13 
OJ2 
0.1 9 
21 

022 
4.8 

0.035 
022 
209 
026 
0.16 
1 93 
0 3 )  
0.14 

0.093 

Report 
Llmtt 

233 
7.0 
13 

9 1  7 

058 
058 
580 
0.58 
5.8 
2 9  
11.6 
035 
589 
058 
4.6 
589 
038 
058 
sso 
1 1  
5.8 
2 3  

wu 
Man 

308.22 
206.84 
189.04 
493A 
313.04 
22650 
317.93 
267.76 
228.62 
324.75 
21 7.44 
22035 
279.08 
251.61 
13 1.60 
766A9 
196.03 
328.07 

589 
190.86 
292.40 
213.86 

- 

Conc 

25500 
7.0 0.78 

43 
17.1 

1 3  
1 1  

1050 
4 0 3  
223 
271 

43600 

173 
5560 
835 
21s 
2930 

0.n- 

0.frH 
rmw 

3 5  
79J 
83.l 

Element 

Aluminum 
Andmonf 
Arsenic 
3.Fkup 

Beryllium 
Cadmium 
Calaum 
ChromiUn 
Cob& 

c o p p a  
Ira 
Lnd 
Magnedlla 
Manganae 
Niekd 
potassium 
Sclmium 
Silver 
Sodium 
Thalllom 
V a n a d l ~  
Zinc 

0 
N 

BNC 

N 

N 

u 
U 

sv 

E 

DF 

1 
1 
1 
I - 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

I 
1 
1 
1 
1 

hstr 

ICPST 
ICPST 
ICPST 

ICPST 
ICF'sl' 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
1CP 
~CPST 
ICF'ST 
ICP 
ICPST 
ICPST 
ICPST 

V L  

7 . 

And 
Dote 

9123/2000 
9/23/2OW 
9/23/2000 

IGPST9/23Ct1)W-RW 
~LWZOOO 
9/23/2000 
9i23l2000 
9mnoM) 
9123/2000 
9c23/3000 
9/23/2000 
9/23/2000 
9/23/2000 
9/23/2000 
9/23/2000 
9/21/2000 
9/23/2000 
9/23/2000 
gnrnooo 
9/U/2000 
9/23/2000 
9I23lZD00 

Anal ' 
Time 

1792 
17-S2 
1 7 s  

1 7 s  
1 1 s  
1192 
1192 
1 7 s  
1 7 s  
1 7 s  
1792 
1702 
1 7 . S  
1752 
9:11 
1732 
1732 
9:li 
1732 
1732 
1792 



I . 
L ST. LOUIS 

STGST. LOUIS 

.Metals Data Reporting Fonn 

Sample Result6 

Lab Sample ID: DKDT4 sent ID: _. - . . . - .- .- MMAW3CD 

Matrix: Soil Units: mglkg , nepDstc: 9/19/2000 PrepBatch: 0259183 
13.8 Weight: 0.18 Volume: 30 Per con t Molstun: 

2 

WU Report A d  A d  
Element Mass 1DL LJmit Conc Q lnstr Date 'lime 

Mereuv 253.7 . 0.019 0.039 ~HWF ,gu I ~CVM gnsnooo 17s - 
A- 



PL ST. ' LOUIS Fiwm cwf 
STLST. LOUIS 

Metals Data .Reporting Fonn 

S a m ~ l e  Results 

Lab Sample ID: D m 6  CIlent ID: MMABZA . 

Matrix: Soil Units: mplkp: Prep Date: 9/15/2000 Prep Batch: 0259344 

Weight: 1-00 VoJume: 100 Percent Moisture: 17.9 

a-na: Lot k FOJ130290 Sample * 19 
Version 4.10.4 U R d t k l c n t l u n U e l D L  

6 RaultirbctwernIDt..ndRL 
Fonn I Equiwlcni 

Ejement 

~ l u d o r m r  
AntimonY 
Arsenk 

R ~ P ~ H  
L l M  

24.4 
73 
13 

WU 
Mnn 

308.22 
206.84 
389- 

rZlL 

2.1 
029 
0.17 

Cow 

6660 

7.3 
2.4 

c- 

4 9 3 d  
313.94 
22634 
31733 
267.76 
228.62 
324.75 
217.44 
22035 
279.08 
257.61 
231.60 

766.49 
196.03 
328m 

589 
190.86 

f 9t.4 
21386 

RarJum- 
BeryIlJlrm 
Cadmium 
CalciUra 
Chromi~m 
Cobalt 

COP$'= 
Irmm 
Lemd 
Magnesium 
MangaDeBe 
Nickd 
Potassium 
Selenium 
Silva 
Sodium 
ThaUIllm 
Vnnadim 
Zfme 

. 

J L  

0 
N 
UN 

0 3  
0.024 

0.037 
5 4  

033 
OJZ 
0 3  
2.2 

0.23 
54 

0.031 
0.23 
219 
029 
OJ7 
209 
O& 

0.11 
0.097 7 

a v  
LrZ( 
W 

N 

BV 
N 

U 
U 

JFJ 
)d 

E 

1 
1 
1 

0.61 
0.61 
609 

0.61 
6.1 
3.l 

12.2 
037 
609 
0.61 
4 9  
609 
0.61 
0.61 
609 
1.2 
61 
2.4 

Au8l 
Date 

9/23/2000 
9R3R000 
9I23LZD00 

Jnstr 

ICPST 
ICPST 
.ICPST 

62.9 
*.GI 83+ 
#.&I 836 
C+T .asp 

158 

b.! +k+ 
13.2 

923m 
52.0 

$97 466 
3% 

J..L 3+ 
be? -1)9 
o + ( *  

4 3  
c q  9ia 
1.V 

2 0 3  
3 0 3  

A d  
Time 

17S7 
17-37 
1 7 0 7  

1 
1 
1 
r 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

9rFL3RODB 
9/23/2000 
9IURDOO 
g m n ~ o o  
9/23n000 
9IURDOO 
9/23/2000 
9mnooo 
9/23/2000 
9f23nOOO 
9/2312000 
9/23/2006 
sn~nooo 
9/23/2000 
9123R000 
gninooo 
9/23/2000 
9/23/2000 
9/23/2000 

JQSP 
ICPST 
ICPST 
ICPST 
ICPST 
ICPm 
ICPST 
ICPST 
TCPST 

ICPST 
lCPST 
ICP 
ICPSl' 
TCPST 
ICP 
ICPST 
ICPST 
3CPST 

#-7 
1 7 3 7  
1 7 3 7  
1 7 5 7  
1 7 3 7  
1757  
1 7 9 7  
1707 
1 7 0 7  
1737 
1 7 0 7  
1 7 0 7  
9:1s 
1737 
1 7 0 7  
9:1s 
17S7 
1 7 0 7  

1 7 0 7  



1 'I; ST. 'LOUIS 
STL-ST. LOUIS 

Metals Data Reporting Farm 

Sample Results 

Lab Sample ID: DKDT6 Client 1D: MMABZA 

; Mat* Soil Units: mgkg Prep.Date:. , 9/19/2000 Prep Batch: 02591 83 - 
Weight: 0.18 Volume: 30 Percent Moisture: 17.9 

amma: b t  #: ~01130290 Sample #: 19 

Version 4.10.4 U buttbkrtlh.nlbm, 
B F k s l I t i r k t w a n I D L ~ ~  

Form I EquivcrlaJ 

Report 
- WU 

Cone 0 
1 1  

Element 

Mercuq ( 2 . 7  1 0.02. I 0.041 

Mass IDL Lirntt 





CI1 ST. 'LOUIS r c.* fifn 
STL-ST. LOUIS 

Metals Data Reporting Form 

Sample Results 

Lab Sample ID: DKDT9 Client ID: . . . . -. . - - . MMAB2B 

soil Matrix: - Units: mgkg -Prep Datz 9/19/2000 Prep Batch: 0259183 .--- --- 
Weight: 0.18 Volumc: 30 Percent Mohtun: 203 

f imcaa:  Lot #: FOll30290 Sample #: 20 

Version 4.10.4 U Result is lcsr h  DL 
B R a u h i r ~ J ~ ~ ~ R ~  

Form I Equidml 

Q Element 
Report 
Lfrnft 

WU 
Mass TDL, Cone DF 

Mercury 253.7 0.021 0.042 

Ynstr 

0.18 1 'CVAA 

And 
Dab 

Arul 
Tim 

snsnooo 17s 



.!L ST.' LoVIS 

-STLST. LOUIS 

Metals Data Reporting Form 

S a m ~ l e  Results 

DKDTA Lab Sample Client ID: MMAW4A 

Matrix:. Soil Unftr: mgkg Prep Date 911 St2000 Prep Batch: 0259344 

Weight: 1.00 VoIumc: 100 Percent Moistum 15.6 

I W U I  1 Report ( 

IBST slunooo i7:46 
ICPST 9rUI2000 17:e 

- I P S T  -9C23/100Q 4- 

ICPST 9/23ROOO 17:a 
lCPm 9R31'2000 17:* 
ICPSI' 9/23/2000 17:46 
ICPST 9rUIZOOO 17:46 
ICPS 9 n 3 ~ 0 0 0  17:& 
I C P m  9/23/2000 17:& 
lCPST 9/23/2000 17:46 
lCPST 9/23/2000 17:46 
ICPST 9123R000 17:46 
ICPST 9 ~ 0 0 0  l 7 : a  
ICPST 9 m n o o o  17:a 
IQ 9/21R000 9 s  

ICPST 9/23/2000 17:46 
lCPST 9/23/2000 17:M 
ICP snlnooo 9- 
ICPST 9n3aooo 17:a 

ICPST 9n3R000 l7:41 
ICPST 9123/2ODO 17:46 

Element 

Aluminum 
An timooy 
A n d  

-Bad 
Beryllium 
Cadmium 
Caldum 
Cbrornlllm 
Cobalt 

COPW 
I m  
Led 
Magnesium 
M s n g r n e  
N i d d  
Potassium 
Sdenium 
Silver 
Sodlum 
Thallium 
Vanadium 
Zlnc 

comments: L . O ~  4k F01130290 Semple #: 21 

Version 4.104 U Raultblc88U.n~lDL Form I Equiwlmt 
8 RaultirktwserrlDt&Rt 

LOT # FOI130290 17 

Mom 

308.22 
206.84 
189.M 

4 9 3 a  
313.04 
22650 
317.93 
267.76 
228.61 
324.75 
217.44 
22035 
279.08 

257.a 
231.60 
766A9 
196.03 
328.07 
S89 

190.86 

292.44 
213.86 

IDL 

2.6 
028 

A17 
n 

0.024 
0.036 

4.9 
0 . S  
0.12 
019 
2.1 
0.23 
4 9  

0.036 

0.23 
ZU 

0.28 
0.17 
20.4 
039 
0.14 

0.0% 

Llmft 

23.7 
7.1 
1.2 

.I* w -. r 

0 5 )  
059 

592 
0 5 9  
5.9 
3.0 
119 
036 

592 
0.59 
4.7 
592 

0.59 
0-59 
592 
1 3  
5.9 
2.4 

Cone 

103W 

7.1 -M& 
13 
135- 
O.n 

o.f"'W3 
3300 

19.1 
84 
74 

15600 
14.7 
2370 

3%f 
9s 

n1L 366 
0.9l 
e . n W  
S~L W 

1 3  
29.2 

S8.l 



ffi ST.' LOUIS 64.. z: ca* 

STGST. LOUIS 

Metals Data Reporting'Form 

Sample Results 

Lab Sample ID: .. . DKDTA Client ID: MMAW4A 

Soil M a t h :  Unitr: mgkg Prep Date: 9/19/2000 Prep Batch: 0258412 

Weigh* 0.18 Volume: 30 Percent Molst~lra: 15.6 

Co-enB: L O ~  #: ~0I130290 Sample A: 21 

Version 4.10.4 U ~ u u ~ c i s k u t h r a m s ~  
8 R r a r l t i r k l ~ c a t I ~ ~ U  

Fonn I Equivalent 

* 
A d  And 

Cow Q Iwtr Date Time 
------* 

Report 
Limtt 

WU 
Element Maa IDL 

on40 Mercur~r 253.1 wsa 1 pJ I .  ICVAA monooo 11:u 0 . 0 1  
i r 



&, L r e v  

STLST. LOUIS 
rrmC Metals Data Reporting Form 

S a m ~ l e  Results 

Lab Snmple ID: DKDTF Client . ... ID: Mh4AW4B 

Ma t r k  Sail Unh: mgkg Prep Date: --9/15/2000 Prep Batch: 0259344 

Weight: 1-00 Volume: 100 Percent Moist~rc: 23.7 

Co-enw Lot tk F01130290 Sample R 22 

Version 4.10A U R u u l t i 8 1 u s t h n ~ m .  Fom I EquivolcAt 
B RorvllbbctwccnlDL~11l. 

IDL 

2.9 
032 
0.1 8 
n 14 
u.-4 

0.024 
0.039 

5.4 
OJ4 
0.l3 
031 
U 

025 
5.4 

0.039 
0 3 5  
236 

032 
0.1 8 
22s 
0.43 
0.16 
0.11 

WU 
Man 

30832 
20681 

189.01 
- 493.4; 

313.01 
226.50 
317.93 
267.74 
228.62 
324.75 
217.44 
22035 
279.08 
29 .61  
231.60 
766.49 
196.Q3 
328.07 

589 
19086 
292.40 
21386 

- 

Element 

Alumblln 
Antimoll 
Arserde 
Bs,-j,-.- 
B e q l l i m  
Cadmium 
Caldum 
Chrod- 
Cob& 

C O P F  
Irm 
L u d  
Msgneslvm 

Mangan- 
Nickel 
P o t a s s l ~  
s Jcnium 
S~lver 
S o d l ~ m  

Thollialm 
Vnnadi- 

Zinc 

R e W  
Llrnft 

26.2 
7.9 
1 3  

-I - 
L w c  

0.64 
0.66 
655 

0.66 
6.6 
3 3  

13.l 
0 3 9  
655 
0.66 
5.2 
655 

0.66 
0.66 
655 
1 3  
6.6 
2.6 

Corn 

16800 

7.q- 
2.2 
CA 

-r\r 

0.79 

0.&1+65 
1 030 
27.7 
14.1 
12.2 

27209 
103 
4410 
309 
1 4 8  
1300 

0.u a 
rJb Q4.S 
brS152 

22 
5 0 1  

7 6 1  

Q 
N 

~d 

N 

N 

u 
U 

E 

V L  

. 

r 

DF 

I 
i 
1 
: 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 

Instr 

ICPST 
ICPST 
ICPST 
i € P S  
ICPST 
ICPST 
ICPST 
ICPST 
lCPST 
ICPST 
ICPST 
~CPST 
ICPST 
ICPST 
ICPm 
ICP 
ICPST 
lCPST 
1CP 
ICPST 
ICPST 
ICPST 

And 
Date 

9/U/2000 
smnooo 
9/23/2000 

9/?3ROOQ+kS@ 
9n3nooo 
9123/2000 
9 1 ~ / 2 0 0 0  
9/23/2000 
9/23/2000 
9/23/2000 
9/23/2000 
gn3nooo 
9/23/1000 
9mnooo 
9/23/2000 
9/21/2000 
gmnooo 
9/23/2000 
9R112000 
9/23/2000 
9/23/2000 
9n3nooo 

ANi 
TI- 

17:s  
1 7 9  
17:W 

17- 
l7:% 
17- 
1 7 : s  
1 7 : s  
1 7 ; s  
1 7 s  
1 7 : s ~  
17- 
1 7 s  
17:- 
9:U 
17% 
1750 
9 : s  
17:s  
17:s  ' 

17:s  



6.- r h q  
STGST. LOUIS 

Metals Data Reporting Fcmn 

S a m ~ l e  Results 

Lob Sample . .-.- ID: DKDTF Client ID:' MMAW4B 

Soil  Matrix: Unftl: rngllrg - --Prep Date: 9/19/2000 ' PrepBateL: 0258412 
Weigh* 0.18 Volume: 30 Percent M o i s t u a  23.7 

Commmb: Lot #: FOI130290 Sample 22 
Fom'l Equivalent 

Tnstr 

1 ~CVM 

JDL 

0.022 

- 
Elemedt 

Mercuq 

WU 
.Mas$ 

253.7 

Aa i l  
Date 

9/28/2000 

* 
Anrrl 
Tim 

11d6 

, 



Tz 'ST.' LOUIS 

STL-ST. LOUIS 

Metals Data Reporting Fom 

Sample Results 

Lab Sample ID: DKDni ..--- Client . ID: . -... MM,AWK ' 

M a t r k  Soil Unib: - - mgflcg Prep Datc . ,911 5/2000 Prep.Batcfr: 0259344 

V o l u m ~  100 Percent Moisturn 23.6. Weight: 1-00 

,'omen&: ~ o t  #: F01130290 Sample k 23 
U RaultiSlurthmtheI# 

' Version 4.10.4 Fom I EqujY(Ihi  
B RarflbbctwccnlDLamfRL 

I 

Q 
N 

I 

1 
I 

N 

N 

u 
u 
gV 

E 

LOT # FOI13Q290 

YDL 

29 
031 
0.18 

- 
Element 

1 Aluminum 
Antimony 

I An& 

Report WU 
Masa 

3011.22 
206.84 
189.04 

DF 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 
1 
I 
1 
1 
I 

Limit 

2 6 3  
7 3  
1 3  

-3adwa---- 
BerylHunr 
Cadmium 
Coldurn 
Chrorniun9 
Cob& 

C O P F  
I r m  
L e d  
Magnesium 
Mangan- 
Nicked 
Potassium 
Selenium 
Silver 
Sodium 
T b a l l i m  
Vanadlum 
Zfl~ 

Cam 

22700 
7.q i3- 

3.6 

49343 
313.01 
22- 
31793 
267.76 
228.62 
324.75 
217.44 
22035 
279.08 
257.61 
231.60 
766A9 
196.03 
328.07 

58) 

190.86 
292.49 
213.86 

Insb 

ICPST 
ICPST 
ICPST 
IeP* 
ICPST 
lCPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICPST 
ICP 
IBST 
1BST 
ICP 
ICPST 
ICPST 
ICPST 

14)- 
1.2 
1.l 

1200 
343 
21.2 
23.7 

39500 
143 

627 9 
674 

2 0.8 
2120 

0.~58rU 
0 . b S W  
C5'cH¶ 

3.l 
69.7 
7 6 5  

0.026 
0.039 

SA 
0.M 
0.U 
0.21 
2.4 

035 

. 5.4 
0.039 
035 
236 
031 
0.18 
223 
0.43 
0.l6 
0.1 1 

And 
Date 

9/23/2000 
9/23/2000 
9/23/2000 
9f33i2008 
9/23/2000 
9/2312000 
9mnooo 
gmnooo 
gmnooo 
9R3/2000 
9/23/2000 
~ ~ ~ R O O O  
gn3nooo 
9/23/2000 
9rUR000 
sninooo 
9/23nOOO 
9/23/2000 
9n1nooo 
9/23/2000 
9n3nooo 
gn3nooo 

0.65 
0.65 
656 

0.66 
6 5  
3 3  

13J 
039  
655 

0.65 
S.2 
655 
0.65 
0.65 
655 
13 
6 5  
2.6 

And 
rims 

18:W 
18:W 
18:94 

18:W 
18:W 
18:w 
1 8 : ~  
1 8 : ~  
18:- 
18:M 
1a:w 
I ~ : M  
18- 
1%- 
9 ~ 8  
18.94 
18.94 
9 : ~  
18:W 
1 8 : ~  
1 8 : ~  



Is ST. 'LoUI~ 

STGST. LOUIS 

Metals Data Reporting Form 

Sample Results 

Lab Sample ID: DKDTO - .  CHent ID: MMAW4C 

Mat*: Soil Unib: rn-&g Prep Date: 9/19/2000 .- Prep .- Batch: 0258412 

Welgbt; 0.18 Volumc: 30 Percent Moistun: 23.6 

" 

' 

0.0w 

DF 

1 

. 
Cone 

4703a 
Element 

MercuW 

TDL 

D.OP 

0 
d 

Tnstr 

CVAA 

WU 
Mas 

253.7 

Report 
L i t  

0.044 

Anrl 
Dote 

9nonooo 

A d  
Tirm 

11:18 - 





L' ST. 'LOOIS 

STL-ST. LOUIS 

Metals Data Reporting Form 

Samvle Results 

~ a b  Sample Ilk DKDTH Client ID: MMAWlA 
I 

Matrix: Soil Units: m&g ..Prep Datc: 9/19/200 Prep Batch: 0259183 

 eight: 0.18 Volume: 30 Percent Moisture: 21.6 

Element I ~ ~ l r  I  DL 1 ~ i m i t  1 Conc ! O 1 DF 1 In* ! Date ! 
Mercury 

. . 
0 ..yt 



!a ST. ' Loma & 2 Cq 

STL-ST. Lorn 
- Metals Data Reporting Fonn 

Sample Results 

Lab Sample ID: DKDTJ Client Ilk MMAWlB _._ - . . ----. - - -- . - 
Soil M a t r k  Units: mg/kg Prep Date: 9/15/2000 -Prep Batch: 0259344 

Weight: 1.00 Volume: 100 Percent Moistnrc: 18.7 

Commtnix: Lot rY: F01130290 Sample k 25 
Fonn I EquivalcRt 

. . 

LOT # FOI130290 18 

0 
N 

j@ 

N 

N 

. 

U 
U 
g v  

E 

Report 
Limlt 

24.6 
7.4 
13 
24.6 
0.62 
0.62 
615 

0.62 
6 J  
3.1 

123 
037 
615 

0.62 
4.9 
615 

0.62 
0.62 
615 
13 
63 
2s 

- 

Cow 

13600 
7.q 039 

2 3  
1% 

0.87 
0.62 
901 
26s 
1W 
I23 

22800 
10.6 

3220 
694 
13.4 
1560 

0 . b L W  

0 4- 
C I ~  32-6 

2.l 
41.4 
6 4 8  

W U  
Mass 

308.22 
206.84 
189.04 
493.43 
313.04 
226.50 
31733 
2 67.76 
228.62 
324.75 
217.4 
22035 
279.08 
257.41 
231.60 
766.49 
196.03 
328.07 

589 
190.86 

292.40 
213.86 

* 

Element 

Al\lml~WIl 
AntimW 
Arsenic 

-Barium 
Beryllfum 
Cadmium 
Calcium 
ChrornlllllD 
Cobalt 

coppar 
In# 
Lud 
Magncslm 
Mango- 
Nickd 
PotasaIn~  
S e l e n h  
Silver 
Sodium 
ThaIlI~m 
Vanadium 
zt# 

V L  

JI 

DF 

I 
1 
1 
1 1  - 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 

IDL 

2.7 
030 
0.17 
029 

0 . m  
0.037 

5.l 
0.14 
0.a 
0.24 
22 

0.23 

0.037 
0.23 
2U 
0.30 
0.17 
214 
0.41 
0.15 

0.098 

n 

ICPST 
ICPST 
ICPST 
6 P S  
ICPST 
ICPST 
ICPST 
ICPST 
I-ST 
ICPST 
ICPST 
ICPST 
lCPST 
ICPST 
ICPST 
1Q 
ICPST 
ICPST 
1- 
~CPST 
ICPST 
ICPST 

An.l 
Dote 

gmnooo 
91UtZ000 
9/230000 
-9A3/2000- 
9/U12000 
9R3R000 
9123no00 
9 / ~ ~ 0 0 0  
9/23/3000 
9/23/2000 
903J2000 
9f23DOOO 
9/23R000 
9/23/2000 
9123D000 
9r21/2000 
9/23/2000 
9/23/2000 
9/21/2000 
9 ~ / 2 0 0 0  
9n3nooo 
gn3nooo 

And 
Tim 

is:u 
18:13 
18:13 
JM* 
18:U 
18:13 
1 8 : ~  
1 8 : ~  
1 8 : ~  
18:13 
18:13 
18:13 
18:13 
18:W 
18~13 
9:45 
18:13 
18:13 
9:45 
18:13 
ia:13 
1a:r3 



I: S*. 'LOUIS 6- J.  b q  

snST. LOUIS 

Metals Data Reporting Form 

Sample Results 

Lab sample DKDn ClIent ID: .. . MMAWlB 

Mat* Soil Units: mg/kg Prep Datc: 9/19/2000 . Prep . .  -. Bat* . 0259183 

Weight: 0.18 V o l u m ~  30 Percent Moistnn: 18.7 

Lot #: FOI130290 Sample #: 25 

Versiw 4.10.4 U hyhkksrihntbelDt 
B ~ u u ~ t h b c n m n l D i . a d ~ ~  

Fonn I Equivalast 

U 1 
A d I  

cone 

49% 

RepmC 
Limlt 

0.0'41 

. 
Element 

M c r m  

WU 
M a s  I IDL 

253.7 0.021 



: $* . ' LOUIS . . 

p*.. 

Metals Data Reporting Fonn 

Sample Results 

Lab Sample Ilk DKDTK Client ID: MMAWlC 

Ma trk - Soil Units: .mg/kg Prep Date: gI1 512000 Prep Batch: 0259344 

Weight: 1.00 Voluw:  100 Percent Molsturc: 10.6 

comments: Lot #: ~01130290 Sample * 26 

Vasian 4.10.4 U Ruuttir ku thm t h t ~ ~ ~  Form J E q u i w h t  B RauhnbctwcaIDLaad~  

V L  

r 

- 

WU 
M m  

308.22 
206.84 
3 89.04 
49- 
313.81 
226.9 
31733 
247.76 
228.61 
324.75 
217.44 
22035 
279.011 
25711 
231.9 
766.49 
196.03 
328.07 

589 
190.86 
292.40 
213.86 

A d  
Time 

18:18 
18:n 
is:rr 

3-83 
1 8 : ~  
18:18 
18:18 
is:16 
18:16 
ia:i6 
l8:16 
l8:IB 
18:18 
18:18 
18:lB 
9:49 
18:18 
18:18 
9:49 
18:ll 
18:16 
18:18 

Element 

Alurninum 
An timony 
Arsenk 

Sariurn 
Beryllium 
Cadmium 
C a l c l ~ m  
Chromflun 

Cob& 

Copprr 
lrorr 
Lead 
Magnrslum 
Manganm 
Nicka 
Potsrsllun 

Selenium 
S i l w  
Sodium 
Thalllum 
Vanadium 
Zlrc 

A d  
COOC Q Date 

2000  W 1 ICPST 912312000 

6 7  1 3  bNU 1 I ~ S T  gmnooo 
31 i ICPST gnmooo 

Report 
JDL Limit 

n n  
A 1 7  

1 1  
0.91 
1210 
29.8 
lS.7 
20.0 

34100 
115 

55'10 
W 
18A 

27- 
0 5 6 o f i % i S  

o.$b M-6 
q m 

2 5  
61.0 
68.6 

2.4 
037 
OJ6 
036 

0.022 
0.034 

4 1  
012 
0.1 1 
0.18 
24 

0.21 
4 1  

0.034 
031 
201 

037 
0.16 
193 
037 
0.13 

0.0* 

• 
r 

I 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
r 
1 
1 
1 

N 

N 

U 
U 
JN 

E 

224 
6.7 
1.l 

22.4 
0 3 6  

056 
559 
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S'IZ-ST. LOUIS 

Metals Data Reporting Form 

Sample Results 

l a b  Sample ID= DlWlX Client ID: .--. - - MMAWIC 

M a e  Soil Units: mgkg Prep Date: 9/19/2000 Prep Batcb: 0259183 

Weight: 0.18 Voluw: 30 Percent Moistore: 10.6 

c ~ ~ ~ ~ :  ~ o t  #: ~01130290 Sample #: 26 

Vusion 4.10.4 U R m l h i r k e ~ ~ ~ D L  
B W I z  & krarrm IDL .nd RL 

Form I Equi& 

WU 
Element Mass JDL 

Mercuy 253.7 ( 0 319 

Report hd A n d ' ,  
Limlt COUC Q DF Tnstr Datt 'J'imc I 

0.037 M2+ 3 1 CVM 9/19/2000 ]8:10 
-- 



A s  -9 

STCST. LOUIS 

Metals Data Reporting Form 

Sam~le  Results 

Lab Sample ID: DKMZ Client ID: h4MAU4A 

Matrir: Soil Units: .rngkg Prep D a t c  911 5D000 Prep Batch: 0259344 
Weight: 1-00 V o l u m  100 Percent Moisture: 33.5 

co-cw Lot #: F01130290 sample #: 27 

Vusion 4.10.4 U Ruukblerrth~nthcIDI, 8 Rtrult k between lD1 OUI RL 
Fom I E q u i d m  

JDL 

3 3  
036 
0 s  
OAC 

0.03) 
0.045 
6.2 

OJ7 
0.lS 
0.24 
2.7 

039 
. 
0.045 
0 s  
271 
036 
021 
2 5 9  
0.54 
0.18 
0.12 

Report 
LImH 

30.1 
9.0 
1 .S 

3cZ 
0.75 
0.75 
752 
0.75 
7 5  
3.8 

IS, 
0 . a  
752 
0.75 
6.a 
752 
0.75 
0.75 
752 
13 
7 5  
3.0 

WU 
Man 

308.22 
206.84 
189.04 
493d: 
313.M 
22630 
317.93 
267.74 
228.62 
324.75 
2 1 7 4  
220.35 
279.08 
257.61 
331 -60 
766.49 
196.03 
328.07 
' 589 
190.84 
292.40 
213.86 

.-. 

Cone 

9958 
q.0 
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*&a 
. *m 

1.l 
0.82 
1690 
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16.l 
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ztgoe 
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1430 
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Tf i  53-6- 
Q.% 936 
o.'lJ&N 
7ft W 

2.l 
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Element 
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Cadrnlum 
C a l c i ~ n  
Chromium 
Cobrlt 
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1- 
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~ a g n e s i u n  
M a n g a n a  
Ni c l d  

potassipm 
Selenium 
s* 
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T h a U i u ~  
Vanadium 

V L  

,- 

A n d  
T i m  
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18:23 
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UN 
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N 

N 

U 
u 

E 
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; 
I 
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1 
1 
1 
1 
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1 

ICPST 
I B S T  
ICPST 

ICPST 
ICPST 
ICPST 
ICPST 
lCPST 
ICPST 
ICPST 
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ICPST 
ICPST 
1 
I B E X  
ICPST 
1- 
ICPST 
ICPST 
lCPST 

Date 

9/Un000 
9R3ROOO 
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-Iefufi9133AOO&d-8-S 
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9mnood 
9/23/2000 
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9Rl/2OOO 
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9/23/2000 
91211200@ 
9/23/2000 
9/23/2000 
9t23t2000 



STLST. LOUIS 

. Metals Data Reporting Form 

Sample Results 

Lab . Sample - . -..- . DKlnL Client MMAU4A 

Ma trlx: Sail Units: .--. - Prep Date: . . 9/19/2000 . . Prep Batch: 0259183 

Weight: 0.18 ' Volume: 30 Percent Molstun: 335 

&-en& Lot #: F01130290 Sample #: 27 

Vmiw 4.104 U R u n H b l u r h n d ~ ~ l D t  Form I Equivalent 
B h u h  lr ktwcen [DL md RL 

WU 
Element Maw rDL 

MercUV ( 253.7 ( 0.02s - -- 

Report 
Limit Conc 

o . o ~  1 4aoq 

. 

. 

lnstr 

1 lcvu 
Q 

J T ~  

A d  
Date 

gngnooo 

Anal 
Tfme 

1s:i2 



I *  4 z' ST. LOUIS 

,JL4 

GI-. L 
STL-ST. LOUIS 

Metals Data Reporting Form 

Sample Results 

Lab Sample ID: DKDTM Client ID: , MMAU4B 

Matrir: Soil Unlts: mgkg Prep Datr: 9/1 Sf2000 Prep Batch: 0259344 

Weight: 1-00 Volume: I00 Percent Moisture 19.7 

 LO^ #: FOI 130290 Samole * 28 

Version 4.10A U buHbkst(hudK1DL Form I Equivalent B Ruuh b bemaen [DL md RL 

\jL 

3 

]DL 

2.7 
0 3  

0.l1 
O-A6 

0.025 
0.037 

5.l 
0.l4 
0.13 
0.24 
2.3 

03J 
5.2 
Om 
0 3  
224 
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0.17 
21.4 
0.41 
0.15 
0.10 

Report 
Lfmft 

24.9 
7 5  
1 3  

2 4 3  
0.62 
0.62 
623 

0.62 
6.2 
3.l 

125  
037  
623 
0.62 

S.@ 
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0.62 
0.62 
623 
13 
6 2  
2 5  

WU 
Mass 
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206.84 
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22650 
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N 
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N 

N 
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1 
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LOUIS 

Metals Data Reporting Form . 

Sample Results 

Lab Sample ID: DKDTM Client ID: MMAU4B 

Soil Mat*. Unlff.. m_olkg Prep D a k  911 9*00 Prep Batch: . 02591 83 
-.-. 

19.7 Weight: 0.18 Volume 30 Percent Moisturn 

commcn& ~ o t  #: FOI130290 Sample #: 28 

Version 4.10.4 U Result i a  ksa than ~r  DL 
B Rcsuli i s  b m b u n  lDL RL 

Form l Equiwlaat 

r .  

Element 

Mercury 

Repoa 
Limit conc 

0.042 1 0.057 2 . 7  1 . 0.021 

Q 
A d  
Dsk 

gn9itooo 

A d  
Time 

1~:14 



STL-ST. LOUIS 

- .  Metals Data Reporting Form 

Samnle Results 

Sample ID: DKDTN Client ID: . . .. . .- MMAU4C 
.. . - .  
Ma t r b  Soil U n j k  . mgkg Prep Date: 9/15/2000 Prep Batch: 0259344 

Welghk 1-00 Volumc: 100 Percent Moisturt: 33.3 

Lot #: F01130290 Sample 29 
U R w l t i r h h n t h s I D t  

' Version 4.10.4 Fom I Equiwlemt 
B Ruultlrbc~~~~~lDL.ndRL 
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WU 
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213.86 

Element 

Aluminum 
AntlmoW 
Arsenk 
R a r f u ~ ~  
Beryllium 
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STLST. LOUIS 

Metals Data,Rcporting Form 

Sample Results 

Lab SampleID: * .DKD"m Client I& MMAU4C 

Matrix Soil- . . Units: m g k g -  - Prep D a k  911 912000 Prep Batch: 0259183 

Welght: 0.18 Volume 30 Percent Moisture 333  

a m m c n e  Lot #: TO1130290 Sample tk 29 

version 4.104 U RcsulthlarthrnttmIW. 
8 Rcsuh k krmcn IDL .ad RL 

Fonn I Equiwhu 

Element 

Mercury 

W .  
M a n  
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A d  
JDL Date 

0.025 ( 0 . 0 9  ( 0.082 I ( 1 CVAA (9ngnooo 

A n d  
TTma 

18~11 



MEMORANDUM 

TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - TAL Metals 
STL Baltimore, SDG 001 139 (T09852) 

DATE: November 24, 2000 

The purpose of this memorandum is to present the data validation report for the samples collected 
at the Radford Army Ammunition Plant during the August 29, 2000 sampling event. Samples were 
analyzed for metals using methods SW-846 7841(GFAA) for Thallium, SW-846 7471A (CVAA) for 
Mercury, and SW-846 6010B (ICP) for all other metals. A total of fifteen soil samples were 
validated. The sample IDS are: 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP, and the Innovative Approaches to Data Validation for USEPA Region 111 
(June 1995.) Parameters were validated at USEPA Region Ill Level IM2 and are presented in Table 
1. Data associated with parameters in compliance with quality control specifications have not been 
qualified. Data associated with parameters that did not comply with quality control specifications 
and directly impacted project data have been qualified in accordance with USEPA Region Ill 
specifications. 

Field Sample ID 
NRUW4A 
NRUW4B 
NRUW4C 

Table 1. Laboratory Performance Criteria 

Field Sample ID 
NRUGlB 
NRUGlC 
NRUL4A 

The quality of data collected in support of this sampling activity is considered acceptable with the 
noted qualifications. 
cc: Eric Malarek 

Project File 



RADFORD ARMY AMMUNITION PLANT 
VALIDATION REPORT 
TAL METALS REVIEW 
SDG 001139 (T09852) 

I-Holding Times 
Form I, shipping and run logs. 
The primary objective is to ascertain the validity of results based on the holding time of the sample 
from time of collection to time of sample extraction and analysis. Holding time criteria: Cool @4 "C ~t 

2 OC the maximum holding time is 180 days for metals and 28 days for mercury. 

All criteria were met for all the samples. No qualifiers were applied. 

Il-Initial and Continuing Calibration 
Form 11 
Requirements for satisfactory instrument calibration are established to ensure that the instrument is 
capable of producing acceptable quantitative data. Initial calibration demonstrates that the 
instrument is capable of acceptable performance at the beginning of the analysis run, and 
continuing calibration verification documents that the initial calibration is still valid. 

ICP: I- blank Hg: 1 -blank AA: I - b l a n k  
3 - standards (r10.995) 5 - standards (r20.995) 5 - standards (r20.995) 
%R - 90-1 10% %R - 80-1 20% %R - 90-1 10% 

ICP analysis for metals was run on 09126-27100. Thallium was analyzed on 09126100 with a 
correlation coefficient of 0.9964. Mercury was analyzed on 09121100 with a correlation 
coefficient of 0.9999. All criteria were met. No qualifiers were applied. 

Continuing Calibration for MRL 
The instrument calibration near the method reporting limit (MRL) must be verified for each analyte 
MRL standards are evaluated using the following criteria: 

CRI -MRL criteria for ICP: 
A CRI must be run at a concentration of 2X MRL, or 2X the MDL, whichever is greater, for each ICP 
analyte (except Al, Ba, Ca, Fe, Mg, Na and K) at the beginning and end of each sample run or a 
minimum of twice per 8 hours. 

CRA -MRL criteria for GFAAICVAA: 
The linearity of the analytical curve must be verified near the MRL for Graphite Furnace AA (GFAA). 
A CRA must be run at a concentration equal to the MRL, or the MDL, whichever is greater, at the 
beginning of each sample run. 

The MRL standard recoveries should be between 90-1 10% of the true values. If the recovery for the 
CRI or CRA is > 110% and the reported sample result is > MDL or MRL, but < 2X MRL, the result is 
qualified as biased high, "K" and no qualifiers for non-detects. Table 2 summarizes the MRL 
standards study. 

TABLE 2. MRL STANDARDS STUDY. 

Elements 

Mercury (i025%) ' None 1 

Sam~les Affected 
Antimony (1 14.8%) 
Chromium (148.7%) 

None 
None 



Ill-Blank Analysis 
Form 111 
Blanks are assessed to determine the existence and magnitude of contamination problems. No 
contaminant should be detected in the blank > the MRL. Any sample value c five times (5X) the 
maximum concentration detected in the QC blanks and > the MRL is qualified "B". Soil sample 
results and action levels were appropriately adjusted for moisture content during the blank analysis 
study. The associated rinse blank is sample 083000R2. 

There was no contaminant detected in any of the blanks >MRL. No qualifiers were applied 

IV-ICP Interference Check Sample (ICS) 
Form I V 
The ICP lnterference Check Sample (ICS) verifies interelement and background correction factors. 
ICP lnterference Check is performed at the beginning and end of each sample analysis run. Control 
limits are 80-120%. 

All criteria were met. No qualifiers were applied. 

V-Matrix SpikelMatrix Spike Duplicate Analysis 
The matrix spike sample analysis provides information about the effect of each sample matrix on 
the digestion and measurement methodology. Spike recovery (%R) must be within the specified 
control limits of 75-125%. However, spike recovery limits do not apply when sample concentration 
exceeds the spike added concentration by a factor of four or more. If the spike recovery is c 75% 
and the sample results are > MDL, the data for these samples are qualified as biased low, "L". If the 
spike recovery falls within the range of 30-74% and the sample results are < MRL, the data for 
these samples are qualified as detection limits biased low, "UL". 

Sample NRUW4A (T09852) was used for the MSIMSD analysis. %R for Aluminum (-577.2%, - 
597.9%), Iron (-1474.8%, -4757.9%) and Manganese (-2562.5%, -2325.6%) were grossly 
below the control limits. Since the sample concentrations for these elements exceeded the 
spike added concentration by a factor of four or more, no qualifiers were applied based on 
these outliers. 

%R for Antimony (28.2%, 32.4%), Beryllium (73.5%), Chromium (31.1%, 65.0%), Cobalt 
(57.7%, 57.6%), Lead (61.2%, 68.8%), Magnesium (70.6%, 71.5%) and Vanadium (60.44%) 
were below the control limits. Positive sample results for these elements were qualified as 
biased low, "L" and non-detects "UL". 

VI-Duplicate Sample Analysis 
Duplicate sample determinations are used to demonstrate acceptable method precision by the 
laboratory at the time of analysis. Duplicate analyses are also performed to generate data in order 
to determine the long-term precision of the analytical method on various matrices. The relative 
percent difference (RPD) should be k20% for sample values > 5X MRL. A control limit of k 2X MRL 
is used for sample values < five times MRL 

Sample NRUW4A (T09852) was used for the duplicate analysis. Relative percent difference 
(RPD) for Chromium (1 17.9%) and Vanadium (49.7%) were grossly above the control limit of 
20%. Positive values for these elements were qualified as estimated, "J" and non-detects "UJ". 



VII-Laboratory Control Samples (LCS) 
Forms VII, Xlll 
The Laboratory Control Sample (LCS) serves as a monitor of the overall performance of each step 
during the analysis, including the sample preparation. All LCS results must fall within the specified 
control limits. 

All criteria were met. No qualifiers were applied 

VIII-ICP Serial Dilution 
Forms I, IX 
The serial dilution of samples quantitated by ICP determines whether or not significant physical or 
chemical interferences exist due to sample matrix. If the analyte concentration in the original 
sample is a factor of 10 above MDL, then an analysis of a 5-fold dilution should agree within 10% 
difference of the original result. 

Percent difference (%D) for elements Arsenic (15.4%), Beryllium (32.0%), Copper (49.3%) and 
Cobalt (14.3%) were above the control limit. Positive values for these elements were qualified 
as estimated, "J" and man-detects had no qualifiers applied. 

Percent difference (%D) for elements Nickel (100.0%), Selenium (170.3%) and Silver (100.0%) 
were grossly above the control limit. Since the initial sample results for these elements were < a 
factor of 10 above their corresponding MDLs, no qualifiers were applied based on these 
outliers. 

IX-Quantitation Verification 
Raw Data. 
The accuracy of analytical results is verified through the calculation of several parameters. The 
percent Difference (%D) between the calculated and the reported values should be within 10%. The 
following calculations were performed for verification: 

ICP Sample: NRUW4CD (T09855), Aluminum 

Conc. mglkg = (conc. pg1L) ' (Final Volume L)/(Weight g' O/O Solids as a fraction) 

Conc. mglkg = (140070 pg/L)'(O.l L)1(1.0079 g* 0.753 )= 18,455 pglg = 18,455 mglkg 

Reported concentration = 18,500 mglkg 
%D =0.24%. 
Values were within 10% difference 

AA Sample : NRUW4CD (T09855), Thallium 

Conc. mglkg = (conc. pgIL) (Final Volume L)l(Weight g' % Solids as a fraction) 

Conc. mglkg = (1.539 pg/L)*(O.l L)/(1.0077 g* 0.753) = 0.20 pglg = 0.20 mglkg 

Reported concentration = 0.20 mglkg 
%D = 0%. 
Values were within 1O0/0 difference. 



IX-Quantitation Verification (Cont.) 

CVAA Sample: NRUW4CD (T09855), Hg 

Conc. mglkg = (conc. pg1L) ' (Final Volume L)/(Weight g' O h  Solids as a fraction) 

Conc. mglkg = (0.256 pg/L)'(O. 1 L)/(0.2083 g' 0.753) = 0.16 pglg = 0.16 mglkg 

Reported concentration = 0.16 mglkg 
%D = 0%. 
Values were within 10% difference 



F O R M 1  
METALS ANALYSIS DATA SHEET 

STL BALTIMORE . - aboratory : 
- k 

;DG No. : TO9852 

latrix : SOIL Client ID: NRW4A 

~ e r c e n t  Solii3B': - - 82.4. D a t e  Received: 08/31/00 . 

~esults for: TOTAL metale 

M ~ P W  ICP ~W6010 
M I flp" ~ r a p h i t e  Furnace _AA AS by SW7060, Pb by SW7421, Se by ~ ~ 3 7 4 0 ,  

T1 by ~W3841, Sb by 7041 
M " C V ~  cold Vapor AA - waters by SW7470, soils by Sw7471 - -  I w-  - e -  - 



: - FChf a* -. EPA SW846 

F O R M 1  
NETALS' ANALYSIS DATA SIEET 

. - 
SDG No. : TO9852 

Matrix: SOIL . . .  Client ID: 
-. . - 

percent Soli'dB': 81.2  ate Received: 

LAB SAMPLE 

1 7 z 5 1  I 

~esults for: & metale 

. concentration Unite '(ug/L or =/kg dxy weight) 

M ICP s W ~ O ~ O  
M - ~raphite mrnace-.M As by SW7060, Pb by SW7421, sa by swf740, - . ~1 by S ~ B Q ~ ,  ~b by 7 0 4 1  

. .CV~ cold Vapor AA - waters by SW7470, soile by ~ ~ 7 4 7 1  -- - - -  - . . 
c -  - 



F ~ k 2  C+Cy 
EPA SW846 

F O R M 1  
METALS ANALYSIS DATA SHEET 

STIi BALTIMORE - - 
(Laboratory : 

. - 
(SDG No. : TO9852 

LAB SAMPLE 

Matrix: SOIL 
-. - 

Percent ~ o l i z :  75.2 

Client ID : NRUWQC 

Date Received: 08/31/00 

Results.for: TOTAL metals . . 

I concentration Units (ug/L or mg/kg dry weight).: m/= 

M UP" ICP ~W6010 . 
.M = "Fm ~raphite Fmace,-AA -..by SW7060, Pb by SW7421, Se by SW7740; 

~1 by SW7841, Sb by 7041 
M = "CV" c d d  vapor Ah - .waters .by SW7470, soils by ~ ~ 7 4 7 1  . . .  . . 

y- - @ - - -  - -  
. - 0  . . 



F O R M 1  
METALS ANALYSIS DATA SHEET 

STfi BALTIMORE . .  *ratow: 

LAB' SAMPLE 

I =ER- I - 

. - 
DO No.: TO9852 

atrix: SOIL . Client ID:  NRUW4CD . 
-. - 

ercent soliddl 75.3 Date Received: 08/31/00 

Results for: TOTAL metals . . 

concentration U n i t s  (ug/L or mg/kg dry weight) : MG/= . 

M UP. . fCP ~W6010 
M, up. Graphite Frnqce-APr by SW7060, Pb by Sw7421, S e  by ~ ~ 1 7 4 0 ,  . 

~l 'by SW7841, Sb by 7041 
M ..I UCV. cold vapor AA - waters by SW7470, soils by ~ ~ 7 4 7 1  -. . - - 

..-- 



6-c ca- -. EPA SW846 

F O R M 1  . . 

METALS ANALYSIS Mm SHEET 

boratory : STL ' BALTIMORE 
. - 

. - 
G No.: TO9852 

LAB SAMPLE 

I NUMB=- I 

.trix: SOIL Client ID: NRUL3A 

-. . - 
rrcent Soli'dE: 83.8 Date Received: 08/31/00 ' 

~esulte for: TOTAL metals 

concentration Unite (ug/L or mg/kg *.weight) : M G / ~  
... . . 

XCP SW6010 
~raphite R.lmac@-.AA by SW7060, Pb by 817421, Se by SW7740, 
TI by sN784i, sb by 7041 

cold Vapol: AA - waters. by SW7470, soils by SW7471.. . -- - - -  . - 
. . - I  



. . . ' -. - h-scw7 
EPA SW846 

F O R M 1  
IC 

METALS ANALYSIS DATA SHEET 

SZZ BALTIMORE aLLatory :  
. S 

ffi No. : TO9852 

:atrix: SOIL' . . Client ID: 
- - 

lercent ~oli&': 69.5 Date Received: 

~esults for: TOTAL metals 

LAB SAMPLS 

. . 

M r 9P* ICP ~ W 6 0 1 0  
M . ~raphite @mafe.m AS by SW7060, Pb by SW7421. Se by ~ ~ 7 7 . 4 0 ,  

I-& T1 by SW7841, Sb by 7041 

M ~ C V *  cold Vapor M - waters by 817470, soils by ~ ~ 7 4 7 1  
;I- - -. . 

# -  0 



-. ' Fa-E ce* 
EPA SW846 . . 

FORM 1 
METALS ANALYSIS DATA SHEET 

STL BALTIMORg - - 
,aboratory : 

LAB SAMPLE 

. C 

;DG No.: TO9852 

datrix: SOIL . Client ID: NRUL3C . 
- .  

?=scent ~olidz : 71.2 . . .  ate Received: 08/31/00 

Reeulta for: TOTAL metal8 . . . . . .  . . . 

concentration Units ( u g / ~  or mg/kg dry weight) : MG/KI; . .' . 

M r UP* ICP SW6010 
M r F a  O~raphite ernace. AA by SW7060, Pb by SW7421, . Se by ~ ~ 7 7 4 0 ,  

T1 by SW7841, 'Sb by 7041 
M WCV" .cold Vapor-AA - waters by SW7470, soils by ~ ~ 7 4 7 1  . .  -. . - - - - 

. - -  



1 1  

-. *e+2 v EPA SW846 
LAB SAMPLE 

FORM 1 
-. METALS ANALYSIS DATA SHEET 

STL BALTIMORE . I 
&oratory: 

. % 

ffi No.: TO9852 

atrix: SOIL . . Client ID: NRUGlA ' ... 
- - 

ercent ~ o l ~ d i i ' :  87.4 Date Received: 08/31/00 ' 

~esults for: TOTAL metals . . 

concentration Unite (ug/L or mg/kg dry weight) : MG/KG . , . .  

M r "P* ICP S ~ 6 0 1 0  
mp* Graphite @mace-- AA Aa by SW7060, ..Pb by SW7421, Se by 617740, . 

by SW7841, Sb by 7041 
M r ~ C V *  cold Vapor AA - waters by, SW7470, soils by SW7471. ' . . 

- - -. . 
# -  - 



-. %>C Ca)r - 
EPA SW846 - .  . . . 

. . LAB SAMPLE 
FORM 1 

METALS ANALYSIS DATA SHEET . . 

. - 
&oratory: s m  'BALTIMORE 

. * 
IDG No.: TO9852 

. Client ID: , NRUGlB SOIL . . latrix : - - 
85.4 .. Date. Received: 08/31/00 . ,ercent ~oli'dij': 

M 'P* ICP ~W6010 
M I F *  : Graphite.. @mace.-= AS by SW7060, Pb. by. SW7421, .. se by SW7740, 

~1 by SW7841, Sb by 7041 . . . 
M I ~ C V "  c o l d  vapor . AA . - waters by SW7470, 'soils by .sw7431.. ' . : :. - -  . . . -- - . . 

# -  - 



. .  

-. LL. c.,L, 

EPA SW846 

FORM 1 
METALS 'ANALYSIS DATA SHEET 

aboratory: S T L  BALTIMORE 
- 

LAB SAMPLE 

I I 

. C 

IDG No. : TO9852 

iatrix: SOIL NRUGlC Client ID: 
-. - 

?ercent ~oli'dg: 87.3 Date Received: 08/31/00 

~esults for: TOTAL metals 

M r UP" ICP ~ W 6 0 1 O  
&= "FU Graphite @mace.- AA As by SW7060, Pb by SW7421, Se by 5~7740, 

T1 by SW7841, Sb by 7041 
h r ~ C V ~  cold Vapor .AA - waters by SW7470, soils by ~ ~ 7 4 7 1  . . 0 .  . - - ;- - - 



. . . . 
-. 6 4 -  t C v  

EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

STL BALTIMOM . . 
,aboratory; 

LAB SAMPLE 

. a 
:DG No. : TO9852 

Iatrix: SOIL Client ID: NRUL4A 
- .  . 

?ercent ~olf'da: 87.2 Date Received: 08/31/00 . .. 

~ e s u l t s  for: TOTAL metals . . 

M r "pa ICP ~W6010 
M - "Fa ~ r a p h i t e  *m?ce--m A8 by sk060 ,  Pb by SW7421. Se by 8~7710, . .. 

TI by SW7041, Sb by 7041 
M .. ~ C V *  cold Vapor AA. - waters by SW7470, eoils by ~ ~ 7 4 7 1  . . .  - -  . -- - e -  - 



- - k n S  9 
EPA SW846 

LAB SAMPLE , 

FORM. 1 - METALS ANALYSIS DATA SHEET 

STfr BALTIMORE . . nboratory: 
. b 

DO No.: TO9852 

atrix: ' - SOIL C1.i ent ID : NRUL4B .. 
-. . 

ercent sols& : 89.3 . Date Received: 08/31/00 .. .... 

~e6ulte for: TOTAL metals . . 

M r "pa ICP SW6010 
t4.1 up." Graphite *ernace A.?h A8 by SW7060, Pb by SW7421, Se by .SW7740, 

~1 by SW7841, Sb by 7041 
h r ~ C V "  cold Vapos..AA. - waters by SW7470, soils by SW7471 . . . .  

;I- - - l a -  



-. EPA SW846 

FORM1 
METALS ANALYSIS DATA SHEET 

,aboratoq : STL BALTIMORE 

:bG No. : TO9852 

SOIL 

LAB SAMPLE . - I 

Client ID: NRUL4BD . 
. .  . - - 

>ercent s o l i d s  : 89.4 Date Received: 08/31/00 .. . 

Results for: TOTAL ' metals 

concentration Units (ug/L or rng/kg dry weight) : M G / ~  . 

M I w p m  ICP sW6010 
~raphite ernace,AA A8 by SW.7060, Pb by SW7423, Be by 5~7740, 

~1 by SW7841, Sb by 7041 
M WCV. cold Vapor .AA - waters by 517470, soils by ~ ~ 7 4 7 %  

3- - -. . 
#I  0 



-. EPA SW846 . . 
. . LAB SAMPLE 

FORM 1 - METALS ANALYSIS DATA SHEET ' 

S T L  BALTIMORE aboratory : 
- 

. C 

3G No. : TO9852 

Client ID: NRUL4C atrfit: SOIL 
-* . - Date Received: 08/31/00 ercent ~ol$dEi : 85.3 - . .  . 

Resulte'for: TOTAL metals 

- concentration Units (ug/L or mg/kg .dry .weight) : MG/= 
. . .  . 

CAS No. Analyte Concentration C Q . M . . . 
4' - l?lge- - P 

7440-36-0 Antimony 0 ; 7 0 8 - r 2 5 .  N' - P .UL ' . ' .. 
7440-38-2 Arsenic . 4 ..2 - ? P . T .  I - 
7440-39-3 Barium 42.7 - P 
7440-41-7 Beryllium 1.6 N .  , .:La*:.', - 

. 7440-43-9 Cadmium 0 . 5 q . U . .  u. - P 
7440-70-2 Calcium 744 .. . . 
7440-47-3 Chromium 30.9 - 
7440-48-4 Cobalt 2Q.O... N - '. . . . .  
7440-50-8 Copper 11.1.. - 
7439-89-6 Iron . . 
.7439-92-1 Lead 
743.9- 95-4 Maqnesium 
7439-96-5 Manqanese 
7439-97-6 Mercury 
7440-02-0 Nickel . .  ... 13..2 - , . 

7440-09-7 Potassium 624 
7782-49-2 Selenium 2.9 446 ,G 
7440-22-4 Silver 
7440-23-5 Sodium 
7440-28-0 Thallium - 
,7440-62 -2 Vanadium . 41.4 N* 
7440-66-6 Zinc 17.8 - 

M r "&a .ICP SW6OlO 
&a ~raphite .+mace M As by SIF1060, . . Pb by SW7421, Se by SW7740, ' 

~1 by SW7841, Sb by 7041 
. . ncvm cold Vapor .AA '- waters by SW7470, -soils by SW7471 ' 

. . 
-. - - . * -  



6- r &+ 
. EPA sW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

STL BALTIMORE 
. - .  

,oratory: 

LAB SAMPLE 

. C 

; No.: TO9852 
. I '  

SOIL :rix: . '  ' C l i e n t  ID: NRUW3A . ' . . 
- - 

rcent ~oli&: 85.2 . .. ~ata' Received: 08/31/00 . ' ' 
.. - .. . . .. . . 

. .. 
Results for: TOTAL metals 

concentration Unite ( u g / ~  or -/kg .dry weight) : W/KO 

4 r "Pw ICP SW6010 
p Graphite ~ r n a ~ e : ~  AS by SW7060, ~b by SW7421, Se by:sW7740, 

T1 by SW7841,' Sb by 7042 
I = "CV* Cold Vapor M - waters by SW7470, soils by SW3471 -- - -. . 

# -  



MEMORANDUM 
& 

TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - TAL Metals 
STL Baltimore, SDG 001 139 (T09869) 

DATE: November 25,2000 

The purpose of this memorandum is to present the data validation report for the samples collected 
at the Radford Army Ammunition Plant during the August 29, 2000 sampling event. Samples were 
analyzed for metals using methods SW-846 7841(GFAA) for Thallium, SW-846 7471A (CVAA) for 
Mercury, and SW-846 6010B (ICP) for all other metals. A total of ten soil samples were validated. 
The sample IDS are: 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP, and the Innovative Approaches to Data Validation for USEPA Region 111 - (June 1995.) Parameters were validated at USEPA Region Ill Level IM2 and are presented in Table 
1. Data associated with parameters in compliance with quality control specifications have not been 
qualified. Data associated with parameters that did not comply with quality control specifications 
and directly impacted project data have been qualified in accordance with USEPA Region Ill 
specifications. 

Field Sample ID 
NRUW3B 
NRUW3C 
NRUC4A 
NRUC4B 
NRUC4C 

Table 1. Laboratory Performance Criteria 

Field Sample ID 
NRUC3A 
NRUC3B 
NRUG4A 
NRUG4B 
NRUG4C 

All of the data collected in support of this sampling activity is acceptable with the noted 
qualifications, except for antimony non-detects. Antimony non-detects were rejected due to 
extremely low spike recoveries in accordance with USEPA Region Ill guidance. 

cc: Eric Malarek 
.- Project File 

RADFORD ARMY AMMUNITION PLANT 

I 



VALIDATION REPORT 
TAL METALS REVIEW 
SDG 001 139 (T09869) 

I-Holding Times 
Form I, shipping and run logs. 
The primary objective is to ascertain the validity of results based on the holding time of the sample 
from time of collection to time of sample extraction and analysis. Holding time criteria: Cool @4 OC + 
2 OC, the maximum holding time is 180 days for metals and 28 days for mercury. 

All criteria were met for all the samples. No qualifiers were applied. 

Il-Initial and Continuing Calibration 
Form I1 
Requirements for satisfactory instrument calibration are established to ensure that the instrument is 
capable of producing acceptable quantitative data. Initial calibration demonstrates that the 
instrument is capable of acceptable performance at the beginning of the analysis run, and 
continuing calibration verification documents that the initial calibration is still valid. 

ICP: 1-blank Hg: 1 - blank AA: 1 - blank 
3 - standards (r20.995) 5 - standards (r20.995) 5 - standards (r20.995) 
%R - 90-1 10% %R - 80-120% %R - 90-1 10% 

ICP analysis for metals was run on 09126-27/00. Thallium was analyzed on 09/26/00 with a 
correlation coefficient of 0.9964. Mercury was analyzed on 09/21/00 with a correlation 
coefficient of 0.9999. All criteria were met. No qualifiers were applied. 

Continuing Calibration for MRL 
The instrument calibration near the method reporting limit (MRL) must be verified for each analyte 
MRL standards are evaluated using the following criteria: 

CRI -MRL criteria for ICP: 
A CRI must be run at a concentration of 2X MRL, or 2X the MDL, whichever is greater, for each ICP 
analyte (except Al, Ba, Ca, Fe, Mg, Na and K) at the beginning and end of each sample run or a 
minimum of twice per 8 hours. 

The MRL standard recoveries should be between 90-1 10% of the true values. If the recovery for the 
CRI is > 110% and the reported sample result is > MDL or >MRL, but < 2X MRL, the result is 
qualified as biased high "K" and no qualifiers for non-detects. If the recovery for the CRI is between 
50-89%, results > MDL or > MRL, but < 2X MRL are qualified as biased low, "L" and result < MDL 
or <MRL are qualified "UL". If the recovery for an element is < 5096, sample results > MDL or > 
MRL, but < 2X MRL are qualified as biased extremely low, "L" and results < MDL or < MRL are 
qualified as unusable, "R". Table 2 summarizes the MRL standards study. 

TABLE 2. MRL STANDARDS STUDY. 

Elements Samples Affected 

~ h r o m i u k  (286.6%) ' None 

I ~ e l e n i i m  (82.0. 70.0%) All Samples 1 

Cobalt (86.6%) 

Copper (86.8%) 
Manaanese (49.3%) 

Antimony (1 14.8%) 

NRUW3B, NRUC4A, NRUC4B, NRUC4C, NRUC3A, NRUC3B, 

None 
None 

None 



Ill-Blank Analysis 
Form Ill 
Blanks are assessed to determine the existence and magnitude of contamination problems. No 
contaminant should be detected in the blank > the MRL. Any sample value < five times (5X) the 
maximum concentration detected in the QC blanks and > the MRL is qualified "B". Table 3 
summarizes the blank analysis study. Soil action levels cited are unadjusted for moisture content. 
Sample results and action levels are appropriately adjusted for moisture content during the blank 
analysis study. The associated rinse blanks are sample numbers 083000R2 and 083000R3. 

Table 3. Blank Contamination Summary. 

IV-ICP Interference Check Sample (ICS) 
Form IV 
The ICP lnterference Check Sample (ICS) verifies interelement and background correction factors. 
ICP lnterference Check is performed at the beginning and end of each sample analysis run. Control 
limits are 80-120%. 

All criteria were met. No qualifiers were applied 

V-Matrix SpikelMatrix Spike Duplicate 
The matrix spike sample analysis provides information about the effect of each sample matrix on 
the digestion and measurement methodology. Spike recovery (%R) must be within the specified 
control limits of 75-125%. However, spike recovery limits do not apply when sample concentration 
exceeds the spike concentration by a factor of four or more. If the spike recovery is < 75% and the 
sample results are > MRL, the data for these samples are qualified as biased low, "L". If the spike 
recovery falls within the range of 30-74% and the sample results are < MRL, the data for these 
samples are qualified as detection limits biased low, "UL". If spike recovery results fall < 30% and 
the sample results are < MRL, data for these samples are qualified as unusable, "R" and results > 
MRL are qualified as biased extremely low, "L". 

Max. Equivalent 
Conc. mglkg 

1.05 

SX Max Equivalent 
Conc. mglkg 

5.25 

Element 

Arsenic 

Sample NRUW3B (T09869) was used for the MSIMSD analysis. MSIMSD %R for Aluminum 
(283.4%, 720%) and Iron (-398.5%, 2415.3%) were grossly outside the control criteria. Since 
sample concentration for these elements exceeded the spike added concentration by a factor of 
four or more, no qualifiers were applied based on these outliers. 

Affected Qualified B Samples 

NRUG4AA. NRUG4B 

Blank 
Source 
083000R3 

%R for Arsenic (72.0%) and Selenium (59.0%, 61.7%) were below the control limits. Positive 
values for these elements were qualified as biased low, "L" and non-detects "UL". 

%R for Antimony (25.0%, 24.7%) was < 30%. Positive sample values for this element were 
qualified as biased extremely low, "L" and non-detects as unusable, "R". 



VI-Duplicate Sample Analysis 
Duplicate sample determinations are used to demonstrate acceptable method precision by the 
laboratory at the time of analysis. Duplicate analyses are also performed to generate data in order 
to determine the long-term precision of the analytical method on various matrices. The relative 
percent difference (RPD) should be ?20%. 

Sample NRUW3B (T09869) was used for the duplicate analysis. Relative percent difference 
(RPD) for Aluminum (29.5%), Beryllium (37.7%), Chromium (37.3%), Copper (44.6%), lron 
(42.5%), Magnesium (39.1 %), Potassium (28.5%), Vanadium (37.1 Oh), and Zinc (43.1 %) were 
above the control limit. Positive values for these elements were qualified as estimated, "J" and 
non-detects "UJ". 

VII-Laboratory Control Samples (LCS) 
Forms VII, XI11 
The laboratory Control Sample (LCS) serves as a monitor of the overall performance of each step 
during the analysis, including the sample preparation. All LCS results must fall within the specified 
control limits. 

All criteria were met. No qualifiers were applied. 

VIII-ICP Serial Dilution 
Forms I, IX 
The serial dilution of samples quantitated by ICP determines whether or not significant physical or 
chemical interferences exiqt due to sample matrix. If the analyte concentration in the original 
sample is a factor of 10 above MDL, then an analysis of a 5-fold dilution should agree within 10% 
difference of the original result. 

Percent difference (%D) for elements Arsenic (40.0°h), Barium (10.7%) and Copper (39.2%) 
were either above or grossly above the control limit. Positive values for these elements were 
qualified as estimated, "J". 

Percent difference (OhD) for elements Beryllium (46.4%), Cobalt (100.0%) and Nickel (100.0%) 
were also grossly above the control limit. Since the initial sample results for these elements 
were < a factor of 10 above their corresponding MDLs, no qualifiers were applied based on 
these outliers. 

IX-Quantitation Verification 
Raw Data. 
The accuracy of analytical results is verified through the calculation of several parameters. The 
percent Difference (%D) between the calculated and the reported values should be within 10%. The 
following calculations were performed for verification: 

ICP Sample: NRUW3C (T09870), lron 

Conc. mglkg = (conc. pg/L) ' (Final Volume L) 1 (Weight g ' '10 Solids as a fraction) 

Conc. mglkg = (139330 pg1L) ' (0.1 L) l(1.0059 g' 0.82) = 16,891 pglg = 16,891 mglkg 

Reported concentration = 18,500 mglkg 
%D = 8.70%. 
Values were within 10% difference 



IX-Quantitation Verification (Cont.) 
*- 

AA Sample: NRUW3C (T09870), Thallium 

Conc. mglkg = (conc. pg1L) * (Final Volume L) I (Weight g % Solids as a fraction) 

Conc. mglkg = (1.433 pgIL) (0.1 L) I (1.0059 g 0.82) = 0.1 7 pglg = 0.17 mglkg 

Reported concentration = 0.18 mglkg 
%D = 5.56%. 
Values were within 10% difference. 

CVAA Sample: NRUW3B (T09869), Hg 

Conc. mglkg = (conc. pg1L) (Final Volume L) I (Weight g* % Solids as a fraction) 

Conc. mglkg = (0.108 pglL) (0.1 L) I (0.2084 g 0.815) = 0.06 pglg = 0.06 mglkg 

Reported concentration = 0.06 mglkg 
%D = 0%. 
Values were within 10% difference 



EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

aborat ory : 
I 

STL BALTIMORE 
. - 

No. : TO9869 
I 

latrix: SOIL. Client ID: NRUW3B 

LAB SAMPm 

-. - 
Iercent ~oli-*: 81.5 Date Received: 08/31/00 

I ~esulte for: TOTAL metale 

I concentration Units (ug/L or mg/kg dry weight.) : MO/KO 

Analyte Concentration C Q 

zcp SW6010 
n Graphite prnace As by SW7060, Pb by SW7421, Se by SW7740, 

T1 by SW7841, Sbby 7041 
I R C V ~  cold Vapor AA - waters by SW7470, soils by SW7471  -- - -. I 

4 -  - 



6 -5  C.)l 
EPA SW846 

F O R M 1  
METALS ANALYSIS DATA SHEET 

hratory : ST% BALTIMORB 
. u 

DG No. : TO9869 

LAB SAMPLE  IT:^ 
latrix: SOIL Client ID : NRUW3C 

-. - 
~ercent ~oli-& : 82.0 Date Received: 08/31/00 

~esults for: TOTAL metals 

M I " p a  ICP SW6010 
M - "3" ~raphite emace. -AA As by SW7060, Pb by SW7421, Se by ~ ~ 7 7 4 0 ,  
a ~1 by- SW7841, Sb by 7041  

1 " (1~"  cold Vapor M -- waters by 817470, soils by 8 ~ 7 4 7 1  -. . -  -. . 
r . -  - 



64h L: C J ~  -. EPA ~ ~ 0 4 6  

FORM 1 
METALS ANALYS1S.DATA SHEET 

STL BALTIMORE aboratory : 
- 

. * 
DG No.: TO9869 

SOIL C l i e n t  I D  : 

-. - 
lercent ~ol'fi: 85 .9  D a t e  Received: 08/31/00 

~ e 8 u l t s  for: TOTAL m e t a l s  

LAB SAMPLE 

I NUMBER- 
I 

M wpm ICP ~ ~ 6 0 1 0  
M , *F?. ~raphite e m a b e - . A A  A8 by SW7060. Pb by 817421, Se by ~ ~ 7 7 4 0 ,  

~1 by SW7841, Sb by 7041 
M , ~ C V W  cold Vapor AA - w a t e r s  by SW7470, soils by SW7471 -- - - -  . 

4 -  - 



-. 6- f C s V  EPA SW846 

F O R M 1  
METALS AUALYSIS DATA SHEET 

STL BALTIMORE . I 

boratory: 

LAB SAMPLE 

I I 

. C 

X No. : TO9869 

SOIL Client ID : NRUC4B . . . a t r i x :  . . 

-. 
ercent ~ 0 1 %  d8 : 

- 
82.5 Date Received: 08/31/00 

Results for: TOTAL metals 

M r " p a  ICP SW6OlO 
~1*r 'JF" ~raphite fimace-. by SW7060, Pb by 817421, Se by ~ ~ 7 7 4 0 ,  

~1 by SW7841, Sb by 7041 
M ., . m a  cold vapor AA - waters by 887470. soil* by 917471 

-... - -. . 
# - - 



-. f i r m  2 cwrl 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEFT 

STL BALTIMORE - .  
aboratory: 

LAB SmYPLg . 
,NUMBER-. 

. % 

DG No.: TO9869 

tatrix: SOIL Client. ID: NRUC4 C 

-. 
~ercent Solids : 78.5 Date Received: 08/31/00 

~esults for: ToTAL metals 

concentration Unite (ug/L or mg/kg dry weight) : M G / ~  

Analyte Concentration C Q * I 

M I " p a  ICP ~ ~ 6 0 1 0  
M I m ~ m  Graphite Kurn?c$. AA Aa by SW7060, Pb by SW7421, Se by 5137740, 

~1 by SW7841, Sb by 7041 
M I m#.m cold Vapor AA - waters by SW7470, soils by SW7471 . 

-..I. - - -  . 
.& - . 



6* Z C307 -. EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

STL BALTIMORE tboratory : 
. C 

)(I No. : TO9869 

SOIL Client ID: NRUC3A 

-. - 
zrcent SolSd6: 8 2 . 0  D a t e  Received: 08 /31 /00  

~esulte for: TOTAL metals 

M I "PVCP sSW6010 
.b Graphite Furnace-.AA As by SW7060, Pb- by SW7421, Se by SW7740, 

by SW7841, Sb by 7041 
p, .. a ~ ~ n  cold vapor AA - water8 by SW7470, soils by SW7471 -- - -. . 

. = -  - 
C - 



-. 6- E C a y  
EPA SW846 

LAB SAMPLE 
FORM 1 

METALS ANALYSIS DATA SHEET - 
STL BALTIMORE h r a t o r y  : 

. 
X No.: TO9869 

atrix: SOIL Client ID: NRUC3B 

-. - 
ercent ~ o l % d g  : 82.7 ' Date Received: . 08/31/00 

~ e s u l t s  for: TOTAL metals 

concentration U n i t s  (ug/L or -/kg dry weight) : MG/K(~  

Analyte Concentration C Q 

M I a p n  ICP ~W6010 
M I n ~ a  Graphite .ernace-. AS by SW7060, Pb by SW7421, Se by ~ ~ 7 7 4 0 ,  

~1 by SW7841, Sb by 7041 
n I m c v a  Cold Vapor - waters by SW7470, eoile by SW7471 

-3- - - -  . 
0 -  - 



FCh 'E c*)I 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

boratory : STL BALTIMORE 
. - 

G No.: TO9869 

SOIL Client ID: NRUG4A 

-. - 
zrcent soli-dfi : 86.4  Date Received: 08/31/00 

~esults for: TOTAL metals 

SAMPLE 

1:::; 

M = UP" ICP ~W60lO 
u,, 'F". Graphite em4ce..AA A8 by SW7060, Pb by SW7421, Se by ~ ~ 7 7 4 0 ,  

~1 by. SW7841, Sb by 7041 
M .. u~~ cold Vapor AA - waters by SW7470, eoils by Sw7471 . -- - -..- 



f=orm 1: 66 
EPA SW846 

FORM 1 . 
METALS ANALYSIS DATA SHEET 

STL BALTIMOm . - 
m r a t o r y  : 

. - 
3 No. : TO9869 

LAB SAMPLE 

:rix: S O I L  
-. I 

rcent ~oli'dIi: 8 4 . 1  

~esulte for: TOTAL 

Client ID : NRUGIB 

Date Received: 08 /31 /00  

metals 

concentration Units (ug/L or -/kg dry weight) : MG/KI;: 

M npm ICP ~W6010 
~raphite m c e - - A A  As by SW7060, Pb by SW7421, Se by SW7740, 
~1 by 617841, Sb by 7 0 4 1  

y . ~ C V .  cold Vapr AA - waters by SW7470, soile by SW7471 -- - - . 
r. - * 



. , -. 6-2 6.3 
EPA SUB46 

F O R M 1  . 
a METALS ANALYSIS DATA SHEFT 

STL BALTIMORg . - 
Iboratory : 

. 
X3 No. : TO9869 

strix: SOIL Client ID: 

LAB SAMPLE 

(TZ79 

-- - 
ercent ~oli'dg: 83.7 Date Received: 08/31/00 

~esults for: TOTAL metals 

concentration Unite (ug/L or mg/kg dry weight) : MG/KG 

M I " p a  ICP SW6OlO 
y, . p a  ~raphite -ce--AA AS by SW7060, Pb by SW7421, Se by s ~ 7 ~ ~ ~ ,  

T1 by SW7841, Sb by 7041 
h = ~ C V W  cold Vapor AA - water8 by SW7470, soils by ~ ~ 7 4 7 1  -- - -. . .-- * 

L - 
330553 



MEMORANDUM 

TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - TAL Metals 
STL Baltimore, SDG 001 145 (T09934) 

DATE: November 24, 2000 

The purpose of this memorandum is to present the data validation report for the samples collected 
at the Radford Army Ammunition Plant during the August 29-30, 2000 sampling events. Samples 
were analyzed for metals using methods SW-846 7841(GFAA) for Thallium, SW-846 7471A 
(CVAA) for Mercury, and SW-846 60108 (ICP) for all other metals. A total of sixteen soil samples 
were validated. The sample IDS are: 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP, and the Innovative Approaches to Data Validation for USEPA Region 111 
(June 1995.) Parameters evaluated under data validation procedure Level IM2 are presented in 
Table 1. Data associated with parameters in compliance with quality control specifications have 
not been qualified. Data associated with parameters that did not comply with quality control 
specifications and directly impacted project data have been qualified in accordance with USEPA 
Region Ill specifications. 

Table 1. Laboratory Performance Criteria 

Field Sample ID 
NRUClA 
NRUClB 
NRULlC 
NRULIA 
NRULlB 
NRUWIA 
NRUG2B 
NRUG2A 

All of the data collected in support of this sampling activity is acceptable with the noted 
qualifications, except for antimony non-detects. Antimony non-detects were rejected due to 
extremely low spike recoveries in accordance with USEPA Region Ill guidance. 

Field Sample ID 
NRUC2A 
NRUC2B 
NRUG3B 
NRUWI B 
NRUWIC 
NRUG3C 
NRUG2C 
NRUW2A 

cc: Eric Malarek 
Project File 



RADFORD ARMY AMMUNITION PLANT 
VALIDATION REPORT 
TAL METALS REVIEW 
SDG 0001 145 (T09934) 

I-Holding Times 
Form I, shipping and run logs. 
The primary objective is to ascertain the validity of results based on the holding time of the sample 
from time of collection to time of sample extraction and analysis. Holding time criteria: Cool @4 OC 
+ 2 "C, the maximum holding time is 180 days for metals and 28 days for mercury. 

All criteria were met. No qualifiers were applied 

Il-Initial and Continuing Calibration 
Form I1 
Requirements for satisfactory instrument calibration are established to ensure that the instrument 
is capable of producing acceptable quantitative data. Initial calibration demonstrates that the 
instrument is capable of acceptable performance at the beginning of the analysis run, and 
continuing calibration verification documents that the initial calibration is still valid. 

ICP: I- blank Hg: 1 - blank AA: I -blank 
3 - standards (r10.995) 5 - standards (r20.995) 5 - standards ( ~ 0 . 9 9 5 )  
%R - 90-1 10% %R - 80-1 20% %R - 90-1 10% 

ICP analysis for metals was run on 10/05/00. Thallium was analyzed on 10/03/00 with a 
correlation coefficient of 0.9993. Mercury was analyzed on 09/25/00 with a correlation 
coefficient of 0.9999. All criteria were met. No qualifiers were applied. 

Continuing Calibration for MRL 
The instrument calibration near the method reporting limit (MRL) must be verified for each analyte 
MRL standards are evaluated using the following criteria: 

CRI -MRL criteria for ICP: 
A CRI must be run at a concentration of 2X MRL, or 2X the MDL, whichever is greater, for each 
ICP analyte (except Al, Ba, Ca, Fe, Mg, Na and K) at the beginning and end of each sample run or 
a minimum of twice per 8 hours. 

CRA -MRL criteria for GFAAICVAA: 
The linearity of the analytical curve must be verified near the MRL for Graphite Furnace AA 
(GFAA).A CRA must be run at a concentration equal to the MRL, or the MDL, whichever is 
greater, at the beginning of each sample run. 

The MRL standard recoveries should be between 90-1 10% of the true values. If the recovery for 
the CRI or CRA is > 11 0% and the reported sample result is > MDL or >MRL, but < 2X MRL, the 
result is qualified as biased high "K" and no qualifiers for non-detects. If the recovery for the CRI 
or CRA is between 50-89%, results > MDL or > MRL, but < 2X MRL is qualified as biased low "L" 
and result < MDL or <MRL is qualified "UL". If the recovery for an element is c 50%, results > 
MDL or > MRL but < 2X MRL are qualified as biased extremely low, "L". Results < MDL or < MRL 
are qualified as unusable, "R". Table 2 summarizes the MRL standards study. 



Continuing Calibration for MRL (Cont.) 

TABLE 2. MRL STANDARDS STUDY. 

Ill-Blank Analysis 
Form 111 
Blanks are assessed to determine the existence and magnitude of contamination problems. No 
contaminant should be detected in the blank > the MRL. Any sample value < five times (5X) the 
maximum concentration detected in the QC blanks and > the MRL is qualified "B". Table 3 
summarizes the blank analysis study. Soil action levels cited are unadjusted for moisture content. 
Sample results and action levels are appropriately adjusted for moisture content during the blank 
analysis study. The associated rinse blanks are sample numbers 082800R1 and 083000R3. 

Elements 
Copper (82.8%) 

Lead (85.3%) 
Manganese (30.0%) 

Nickel (73.8%) 

Selenium (71.496, 80.0%) 
Vanadium (85.0%) 

TABLE 3. BLANK ANALYSIS STUDY. 
SDG 001 145 (T09934) 

Samples Affected 
None 
None 
None 
NRUClA, NRULlA, NRUWlA, NRUG2B, NRUC2A, NRUG3B, 
NRULl B 
All Samples 
None 

/ Element I Blank I Max. Eauivalent I 5X Max Eauivalent I Affected Qualified B Sam~les  1 

IV-ICP lnterference Check Sample (ICS) 
Form l V  
The ICP lnterference Check Sample (ICS) verifies interelement and background correction 
factors. ICP lnterference Check is performed at the beginning and end of each sample analysis 
run. Control limits are 80-120%. 

1 Source I Conc. mglkg I Conc. mglkg 

All criteria were met. No qualifiers were applied 

Arsenic 1 083000R3 1 1.05 

V-Matrix SpikelMatrix Spike Duplicate Analysis 
The matrix spike sample analysis provides information about the effect of each sample matrix on 
the digestion and measurement methodology. Spike recovery (%R) must be within the specified 
control limits of 75-125%. However, spike recovery limits do not apply when sample concentration 
exceeds the spike added concentration by a factor of four or more. If the spike recovery is < 75% 
and the sample results are > MRL, the data for these samples are qualified as biased low, "L". If 
the spike recovery falls within the range of 30-74% and the sample results are < MRL, the data for 
these samples are qualified as detection limits biased low, "UJ". If spike recovery results fall < 
30% and the sample results are < MRL, data for these samples are qualified as unusable. "R" and 
results > MRL are qualified as biased extremely low, "L". 

5.25 I NRUC2A. NRUC2B. NRUG3B. NRUG3C 



V-Matrix SpikelMatrix Spike Duplicate Analysis, Continued 

* Sample NRUC1 B (T09935) was used for the MSIMSD analysis. %R for Aluminum (-213.4%, - 
692.7%) and Iron (309.7%, -4207.8%) were outside the control limits. Since the sample 
concentrations for these elements exceeded the spike added concentration by a factor of four 
or more, no qualifiers were applied based on these outliers. 

'/OR for Arsenic (73.5%), Chromium (63.0%), Selenium (73.8%, 62.7%), and Vanadium 
(73.9%) were below the control limits. Positive sample results for these elements were 
qualified as biased low, "L" and non-detects "UL". 

%R for Antimony (24.2%, 10.2%) was < 30%. Positive sample results were qualified as 
biased extremely low, "L" and non-detects as unusable, "R". 

VI-Duplicate Sample Analysis 
Duplicate sample determinations are used to demonstrate acceptable method precision by the 
laboratory at the time of analysis. Duplicate analyses are also performed to generate data in order 
to determine the long-term precision of the analytical method on various matrices. The relative 
percent difference (RPD) should be +20%. 

Sample NRUCl B (T09935) was used for the duplicate analysis. Relative percent difference 
(RPD) for Cobalt (58.8%) was grossly above the control limit. Positive values for this element 
was qualified as estimated, "J" and non-detects "UJ". 

RPD for Copper (24.9%), Manganese (21.1%), Mercury (23.3%), and Zinc (23.3%) were 
above the control limit. Positive values for these elements were qualified as estimated, "J" 
and non-detects had no qualifiers applied. 

VII-Laboratory Control Samples (LCS) 
Forms VII, Xlll 
The Laboratory Control Sample (LCS) serves as a monitor of the overall performance of each 
step during the analysis, including the sample preparation. All LCS results must fall within the 
specified control limits. 

All criteria were met. No qualifiers were applied. 

VIII-ICP Serial Dilution 
Forms I, IX 
The serial dilution of samples quantitated by ICP determines whether or not significant physical or 
chemical interferences exist due to sample matrix. If the analyte concentration in the original 
sample is a factor of 10 above MDL, then an analysis of a 5-fold dilution should agree within 10% 
difference of the original result. 

Percent difference (OhD) for elements Arsenic (42.1 Oh), Calcium (1 5.2%), and Copper (1 5.9%) 
were above the control limit. Positive values for these elements were qualified as estimated, 
"J" and non-detects had no qualifiers applied. 

Percent difference (OhD) for elements Beryllium (20.0%), Cobalt (100.0%), Nickel (22.3%), 
and Potassium (100.0%) above the control limit. Since the initial sample results for these 
elements were < a factor of 10 above their corresponding MDLs, no qualifiers were applied 
based on these outliers. 



IX-Quantitation Verification 
Raw Data. 
The accuracy of analytical results is verified through the calculation of several parameters. The 
percent difference (%D) between the calculated and the reported values should be within 10%. 
The following calculations were performed for verification: 

ICP Sample: NRUCIA (T09934), Lead 

Conc, mglkg = (conc. pgIL) * (Final Volume L)/(Weight g* % Solids as a fraction) 

Conc. mglkg = (133.05 yg/L)*(O.l L)/(1.0049 g* 0.858) = 15.4 pglg = 15.4 mglkg 

Reported concentration = 15.4 mglkg 
%D =O%. 
Values were within 10% difference 

AA Sample : MS (T09935S), Thallium 

Conc. mglkg = (conc. pg1L) (Final Volume L)/(Weight g* % Solids as a fraction) 

Conc. mglkg = (24.52 pg/L)*(O.l L)1(1.0026 g* 0.7602) = 3.21 pglg = 3.217 mglkg 

Reported concentration = 3.174 mglkg 
%D = 1.35%. 
Values were within 10% difference. 

CVAA Sample: NRUCIA (T09934), Hg 

Conc. mglkg = (conc. pg/L) * (Final Volume L)/(Weight g* % Solids as a fraction) 

Conc. mglkg = (0.1 16 pg/L)*(O.l L)/(0.2072 g* 0.858) = 0.065 pglg = 0.065 mglkg 

Reported concentration = 0.07 mglkg 
%D = 0.7%. 
Values were within 10% difference 



I 

- .  -e L U P 7  
EPA SW846 

FORM 1 , 

METALS ANALYSIS DATA S m  

I " ~ratory: ST& BALTIMORE' -. --  - .- 
SDG NO. : TO9934 

SOIL ~atrix:  Client ED: NRUClA 

percent solids: 85.8 Date ~eceived: 09/01/00 

~ e s u l t s  for: TOTAL metale 

LAB SAMPLE 

1y:i- 

M UP" ~ C P  ~W6010 
M .. "Fa ~raphite  Furnace AA by.SW7060, Pb by SW7421, Se by ~ ~ 7 7 4 0 ,  

T I -  by SW7841,. Sb by 7041 
I& "CV' cold vapor M - waters by SW7470, soils by ~ ~ 7 4 ' 1 1  



FORM 1 
METALS ANALYSIS DATA SHEET 

Laboratory: ST5 BALTIMOm 

SDG No.: TO9934 . . 

Matrix: SOIL 

Percent Sol ids : 

Client ID: NRUClB 

Date Received: 09/01/00 

' fiAB SAMPLE - lNUMBgR I ' 

Resulte for: TOTAL metals 

concentration Units (ug/L or mg/kg dry weight) : MO/IQ~ 

M r "pa ICP SW6010 
M "F" . Graphite Furnace AA AS by SW7060, Pb by SW7421, Se by SW7740, 

~1 by SW7841, Sb by 7041 
M I U C V ~  cold Vapor AA - waters by .SW7470, soils by SW7471 



wrh +. L** I 
9 - .  

EPA SW846 
LAB SAMPLE 

F O R M 1  
METALS ANALYSIS DATA SHEET - 

h Lory: ST& BALTIMORE -. - .. - .- 
NO. : TO9934 

atrix: SOIL Client ID: NRULlC 

ercent Solide: 81.6 Date Received: 09/01/00 

Resulte for: TOTAL metals 
. . 

' concentration Unite (ug/L or w/kg dry weight) : MG/= 

M r UP" ICP SW6010 
M WF" Graphite Furnace A&3 by SW7060, Pb by SW7421, Se by SW7740, 
"".. - ~1 by SW7841, Sb by 7041 

1 wcvu cold Vapor AA -.waters by SW7470, soils by SW7471 



- .  61 r &+ 
EPA SW846 

LAB SAMPLE 
FORM 1 

METALS ANALYSIS DATA SHEEl' 

,&oratory: sTL BALTIMORE -. - .. . .- 
;DO No. : TO9934 

latrix: SOIL Client ID : 

?ercent Solide : 90.8 Date Received: 09/01/00 

~esult8 for: TOTAL metals 

concentration Unite (ug/L or w/kg dry weight) : M G / ~  

M r "P" ICP ~ W 6 0 1 O  
.M I up? Graphite Furnace by SW7060, Pb by 617421, Se by SW7740, 
. . . . ~1 by SW7841, Sb by 7041 
M = .(=V" cold Vapor AA - waters by SW7470, soils by SW7471 

Concentration 

5740 
0.66 44&& 

3-8 
. 63.6 
0.72 

0 .  W 
885 

C 
- 

- 
ti - - 

CAS No. 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
744 0-47-3 

Q M - 
P 

8N-U 
_hip 

P - 
.' - P 
P - 
P 

Analyte 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 27.0 

7440-48-4 Cobalt 
- *H-- 

15.3 _ P - 
3.2 . .E* - P 

19400 - P - 
21.4 - - P 

792 - P - 
1110 - P 

CV - 
P - - P 

N P - 
- 
F 

. 29 .2  - - P 

7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-36-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7446-23-5 
7440-28-0 
7440-62-2 - 
7440-66-6 

Copper 
Iron 
Lead 
Maqnesium 
Manqanese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium . 
Zinc . 



- .  -t ut-7 
BPA SW846 

FORM1 
METALS ANALYSIS DATA SHEEZ 

rLI 

Li ratory: STL BALTIMORE -. - -  
.- 

SDG No. : TO9934 

LAB SAMPLE 

I I 

~atr ix:  SOIL C l i e n t  ID: NRU"lB 

percent solids : 84.1 Date Received: 09/01/00 

R e s u l t 8  for: TOTAL metals 

'concentration Units (ug/L or mg/kg dry weight) : M Q / ~  

M = "pa ICP ~ ~ 6 0 1 0  
M I ."Fa Graphite m a c e  AA AS by SW7060, Pb by SW7421, ~e by ~ ~ 7 7 4 0 ,  

TI. by SW7841, Sb by 7041 
p-. cold vapor AA - waters by 8137470, soi ls  by ~1~7472 

I a No. Concentration Analyte C  Q * I 



- .  f;o*cl c C*# 
EPA SW846 

.. . , 

FORM1 
METALS ANALYSIS DATA SHEET 

LAB SAMPLE - 
Laboratory : ST& aALTIMom -. - .. 1 - .- 
Sm No. : TO9934 

Matrix: SOIL Client ID : NRWlA 

85.5 Date Received: 0sj01/00 Percent solids : 

~esults for: TOTAL metals 

concentration Units (ug/L or mg/kg dry weight) : MG[~; 

Analyte Concentration C Q * I 

M r UP" ICP ~ ~ 6 0 1 0  
M - .~=aphite Furnace AA A. by ~ ~ 7 0 6 0 ,  Pb by SW7421, Se by ~177740,. 

~1 by SW7841, Sb by 7041 
M ~ C V "  cold vapor M - waters by aSW7470, soils by SW7471 



- -- - - - I  
EPA SW846 

LAB SAMPLE 
F O R M 1  

METALS ANALYSIS DATA SHEET 

La""-atory: s m  BALTIMORE 

3DG No. : TO9934 

Matrix: SOIL C l i e n t  ID: NRUG2B 

P e r c e n t  Solids : D a t e  R e c e i v e d :  09/01/00 

~esulte for: TOTAX, metals 

'KG 

M r ICP ~ ~ 6 0 1 0  
jq a ~ m .  ~ ~ a p u t e  wee by SW060, Pb hy SW7421, Be by sm740, 

.by SW7841, Sb by 7041 
M, .,. cold vapor AA - w a t e r 6  by SW747O. soil6 by SW7471 



. - .  n r w  rL c-f-7 
EPA SW846 

FORM 1 
MGTALS ANALYSIS DATA SHEET 

Laboratory: sTL BALTIMORE -. - .. - . ..- 
SDG No. : TO9934 

Matrix: SOIL Client ID: NRUG2A 

Percent Solids : 87.4 Date Received: 09/01/00 

~eslllts for: TOTAL metale 

LAB S ~ U ~ L E  
NUMBER 1 T C l 9 9 T l  

M I UP" ICP ~ ~ 6 0 1 0  . 
M - - n p  ~ ~ a p h i t c  Furnace AA A8 by ~ ~ 7 0 6 0 .  Pb by SW7421, Se by S W ~ ~ I O ,  

~1 by SW7841, Sb by 7041 
M I : ucvu cold vapor AA - waters .by SW7470, soils by SW7471 



- .  rpr- 4- sg.I 
EPA SW846 

FORM 1 
mTALS ANALYSIS DATA SHEET - 

a r  atory: STL BALTIMORG -. - .. 

LAB SAMPLE 

I NUMBER- I 

. .- 
;DG No. : TO9934 

latrix: SOIL Client ID: NRUC2A 

?ercent Solids: Date Received: 09/01/00 

~esults for: TOTAL metals 

concentration Unite (ug/L or mg/kg dry weight) : M G / ~  

Analyte Concentratian C Q. I 

M * p a  ICP ~W6010 
M * p a  ~raphite mrnace AA M by SW7060, Pb by 817421. Se by ~ ~ 7 7 4 0 .  
. . 
rsC 

- by SW7841, Sb by 7041 
. cold Vapor AA - waters by SW7470. soils by ~ ~ 7 1 7 1  



- .  m a  -v 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

,&oratory : STL BALTIMORE 

;DG No. : TO9934 

datrix: SOIL Client ID: NRUC2B 

LAB SAMPLE 

79.1 Date Received: ' 09/01/00 . . 
?ercent Solids : 

~esults for: TOTAL metala 

concentration Units (ugfi  or mg/kg dry weight) : MG/ffi 

Analyte ConcentrationC Q I 

, wpm ICP ~ ~ 6 0 1 0  
y "F" Graphite I'Urnace As by SW7060, Pb by SW7421, Se by SW7740, 

~1 by SW7841, Sb by 7041 
4 - ~ C V "  cold vapor M ' -  waters by SW7470, soils by SW7471 



6-r c.e 
EPA SWB46 

FORM 1 

4 

METALS ANALYSIS DATA SHEET 

STL BALTIMORE -. - .. 
. .- 

;M3 No. : TO9934 

LAB SAMPLE 

I I 

!tat rix : SOIL' Client ID: NRUG3B 

bercent Solids : 86.9 Date Received: 09/01/00 

~esulte for: TOTAL metals 

M r "P" ICP ~W6010 
M , n p .  ~raphite Furnace AA A8 by SW7060, Pb by SW7421, se by - :TI by SW7841, Sb by 7041 
1 n c v n  cold Vapor M - waters by SW7470, soils by ~ ~ 7 4 7 1  

concentration Unit8 (ug/L or mg/kg dry weight) : M G / ~  

. . . . . . . .  . 

No. 

7429-90-5 
7440236-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 

Concentration 

8860 
- CAW- 

3.8 

Analyte 

Aluminum 
Antimony -. 

Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 

C - 
- 

Cobalt 
Copper 
Iron 
Lead 
Magnesium 

- 31.1 
2.3 

31000 
13.8 

416  

7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 

o .5?? 8r26 - - P 

Q 

E..N . 
r p  

Manqarlese 512 P 
Mercury 
Nickel 
Potassium 
Selenium - 

0.58 P 
Silver - 

P 
Sodium - 

P 
Thallium - 

F 
Vanadium . 
ZJnc  11.1 - P - . 

304 
30.1 _ - _ - - 

M 
- 
P 
p 

7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

- - 
. 

L P  
E* 

P 

P 

P - - P 
P .- 



r-rm y -r 8 

EPA SW846 . . 

FORM 1 
METAtS ANALYSIS DATA SHEFT 

Laboratory': STL BALTIMORE -. - -  
. ..- 

SDG No.: TO9934 

Matrix: SOIIJ  
. . 

Percent Solids: 

LAB SAMPLE 

I 

Client ID: .NRUWlB 

Date Received: 09/01/00 . . 

Results for: TOTAL metals 

concentration Unite (ug/L or mg/kg dry weight) : M G / ~  

I Analyte Concentration C 
- I I I "I"! 

M r 'pa ' ICP ~W6010 
M - .F. Graphite Furnace AA A8 by SW7060, Pb by SW7421, Se by ~ ~ 7 7 4 0 ,  ' 

~1 by SW7841, S b  by 7041 
M - cold VapOr M - waters by SW7470, soilr, by sw7471 



- .  +.E. C . q  
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

aboratory: BALTIMORE .. . - .. 
- .- 

DG No.: TO9934 

latrix: SOIL Client ID: NRUWlC . 

beercent Solide : 76.3 Date Received: 09/01/00 

~esult8 for: TOTAL metals 

concentration Unit8 (ug/L or mg/kg dry weight) : M G / ~  

Analyte Concentration C Q 

LAB SAMPLE 

17:~~ 

M up" ICP sW60lO 
M,- Graphite m a c e  M As by SW7060. Pb by SW7421, Se by ~ ~ 7 7 4 0 ,  

TI. by SW7841, Sb by 7041 
M A a~~ cold vapor AA - waters by SW7470, aoila by 8 ~ 7 4 7 1  



Ahr, z c* 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

~abdratory : STL BALTIMORE -. . - .. 
. .- 

SDG No. : TO9934 

SOIL 

Percent Solids: 

Client ID: NRU(33C 

LAB SAMPLE 

I 
==- 

I 

Date Received: 09/01/00 . 

~esultS for: TOTAL metals 

concentration Units (ug/L or -/kg dry weight) : M G / ~  

Analyte Concentration C Q I 

M = "pa ICP ~ W 6 0 1 0  
M. =. "F. ,Graphite Furnace AA AS W S W 7 0 6 0 ,  Pb by S W 7 4 2 1 ,  Se by SW774.0, 

~1 by S W 7 8 4 1 ,  Sb by 7041 
M .. R C V ~  cold vapor AA - waters by S W 7 4 7 0 ,  soila by ~ ~ 7 4 7 1  



- .  
EPA SW846 

LAB SAMPLE 
FORM 1 

METALS ANALYSIS DATA SHEET 

borat ory : STL BALTIMORE -. - .. . .- 
G No.: TO9934 

~trix: SOIL Client ID: NRUGZC 

ircent Sol.ida : 81.4 - Date Received: 09/01/00 

~esulte for: TOTAL metals 

M I a p .  ICP sW6OlO 
Graphite Furnace AA As by SW7060, Pb 'by SW7421, Se by ~ ~ 7 7 4 0 ,  
T1 by SW7841, Sb by 7041 

r w m m  cold Vapor AA - water8 by 6137470, soile 'by SW7471 

~ncentration Unite (ug/L or mg/kg dry weight) : MG/ 

C- 
- 

- - 
g - - - _ _ - - 

Concentration 

. - -- 17608 

4.3 
38.7 
1.6 

0 . 6  -m 
388 

3 
70.1 
21.3 

34200 
14.5 
2010 

cAS No. 

7429-90=5 
7440-36-0 
9440-38-2 
7440-39-3 
3440-41-7 
7440-43-9 
7440-70-2 
74 40-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 

Analytc 

Piluminum - 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
.Cobalt 
Copper 
Iron 
Lead 
~agnesium 

P 

- P - P 
6-61 - 0 

P 

F 

28.0 - - P 

7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5- 
7440-28-0 
7440-62-2 ' 
7440-66-6 

. Q 

.. . 
Q N  
hJ 

hJ 
E* 

Manqanese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thal-lium 
Vanadium 
Zinc . 

M - 
31- - - 
P 
p - P 
P - 

, -  P 
P 
p - P - P 
P - - P 

. - P 



- .  . fO~k2 c.)l 
EPA SW846 

FORM 1 
METALS ANALYSIS. DATA SHEST 

aboratory : STL BALTIMORE -. - .. - -- 
DO No. : TO9934 

atrix: SOIL Client ID: NRUW2A 

ercent solids : 83.4 Date Received: 09fi1/00 

~ e s u l t e  for: TOTAL metals 

concentration Units (ug/L or rng/kg dry weight) : M G / ~  

Analyte Concentration C Q * I 

M *pa ICP ~W6010  
H - a p  ~ r a p h i t e  Furnace by SW7060, Pb by SW7421, Sa by ~ ~ 7 7 4 0 ,  

by SW7841, Sb by 7041 
M I ~ C V W  cold Vapor AA - water6 by SW7470, soile by ~ ~ 7 4 7 3  



MEMORANDUM 

TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - TAL Metals 
STL Baltimore, SDG 001 145 (T09950) 

DATE: November 24,2000 

The purpose of this memorandum is to present the data validation report for the samples collected 
at the Radford Army Ammunition Plant during the August 30, 2000 sampling event. Samples were 
analyzed for metals using methods SW-846 7841 (GFAA) for Thallium, SW-846 7471A (CVAA) for 
Mercury, and SW-846 6010B (ICP) for all other metals. A total of nineteen soil samples were 
validated. The sample IDS are: 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP, and the Innovative Approaches to Data Validation for USEPA Region 111 
(June 1995.) Parameters were validated at USEPA Region Ill Level IM2 and are presented in 
Table 1. Data associated with parameters in compliance with quality control specifications have 
not been qualified. Data associated with parameters that did not comply with quality control 
specifications and directly impacted project data have been qualified in accordance with USEPA 
Region Ill specifications. 

Table 1. Laboratory Performance Criteria 

Field Sample ID 
NRUW2B 
NRUW2C 
NRUG2BD 
NRUL2A 
NRUL2B 

Yes No 
X Holdina Tlmes 

Field Sample ID 
MMAU3BD 
MMAB4A 
M MAB4B 
MMAB4C 
MMAU3A 

Field Sample ID 
NRUL2C 

NRUL2BD 
NRUG2CD 
NRUG3A 
MMABl C 

All of the data collected in support of this sampling activity is acceptable with the noted 
qualifications, except for antimony non-detects. Antimony non-detects were rejected due to 
extremely low spike recoveries in accordance with USEPA Region Ill guidance. 

Field Sample ID 
MMAU3B 
MMAU3C 
MMABIA 
MMABI B 

cc: Eric Malarek 
Project File 



RADFORD ARMY AMMUNITION PLANT 
VALIDATION REPORT 
TAL METALS REVIEW 
SDG 001145 (T09950) 

I-Holding Times 
Form I, shipping and run logs. 
The primary objective is to ascertain the validity of results based on the holding time of the sample 
from time of collection to time of sample extraction and analysis. Holding time criteria: Cool @4 "C 
k 2 "C, the maximum holding time is 180 days for metals and 28 days for mercury. 

All criteria were met for all the samples. No qualifiers were applied. 

Il-Initial and Continuing Calibration 
Form I1 
Requirements for satisfactory instrument calibration are established to ensure that the instrument 
is capable of producing acceptable quantitative data. Initial calibration demonstrates that the 
instrument is capable of acceptable performance at the beginning of the analysis run, and 
continuing calibration verification documents that the initial calibration is still valid. 

ICP: l -  blank Hg: 1 - blank AA: 1 - blank 
3 - standards (r10.995) 5 - standards (r20.995) 5 - standards (1-20.995) 
%R - 90-1 10% %R - 80-120% '/OR - 90-1 10% 

ICP analysis for metals was run on 10/05/00. Thallium was analyzed on 10/05/00 with a 
correlation coefficient of 0.9973. Mercury was analyzed on 09/25/00 with a correlation 
coefficient of 0.9999. All criteria were met. No qualifiers were applied. 

Continuing Calibration for MRL 
The instrument calibration near the method reporting limit (MRL) must be verified for each analyte 
MRL standards are evaluated using the following criteria: 

CRI -MRL criteria for ICP: 
A CRI must be run at a concentration of 2X MRL, or 2X the MDL, whichever is greater, for each 
ICP analyte (except Al, Ba, Ca, Fe, Mg, Na and K) at the beginning and end of each sample run or 
a minimum of twice per 8 hours. 

CRA -MRL criteria for GFAAICVAA: 
The linearity of the analytical curve must be verified near the MRL for Graphite Furnace AA 
(GFAA). A CRA must be run at a concentration equal to the MRL, or the MDL, whichever is 
greater, at the beginning of each sample run. The MRL standard recoveries should be between 
90-1 10% of the true values. 

If the recovery for the CRI or CRA is > 11 0% and the reported sample result is > MDL or MRL, but 
< 2X MRL, the result is qualified as biased high, " K  and no qualifiers for non-detects. If the 
recovery for the CRI or CRA is between 50-89%, results > MDL or MRL, but < 2X MRL is qualified 
as biased low "L" and result < MDL or MRL is qualified "UL". If the recovery for an element is < 
50%, results > MDL or MRL but < 2X MRL are qualified as biased extremely low, "L". Results < 
MDL or MRL are qualified as unusable, "R". Table 2 summarizes the MRL standards study. 



Continuing Calibration for MRL (Cont.) 

TABLE 2. MRL STANDARDS STUDY. 

Ill-Blank Analysis 
Form 111 
Blanks are assessed to determine the existence and magnitude of contamination problems. No 
contaminant should be detected in the blank > the MRL. Any sample value < five times (5X) the 
maximum concentration detected in the QC blanks and > the MRL is qualified "B". Table 3 
summarizes the blank analysis study. Soil action levels cited are unadjusted for moisture content. 
Sample results and action levels are appropriately adjusted for moisture content during the blank 
analysis study. The associated rinse blanks are sample numbers 082800R1, 083000R3 and 
090700RB. 

Elements 
Copper (82.8%) 
Lead (85.3%) 

Manganese (30.0%) 
Nickel (73.8%) 

Selenium (71.4%, 80.0%) 
Vanadium (85.0%) 

TABLE 3. BLANK ANALYSIS STUDY. 
SDG 001 145 (T09950) 

Samples Affected 
MMAB4A, MMABlA 
None 
None 
NRUG2BD, NRUL2B, NRUL2BD, NRUG3A, MMABIC, MAU3BD, 
MMAU3B, MMAB4A, MMAB4B, MMAU3A, MMAU3C, MMABIA, 
MMABI B 
All Samples 
None 

IV-ICP Interference Check Sample (ICS) 
Form I V  
The ICP lnterference Check Sample (ICS) verifies interelement and background correction 
factors. ICP lnterference Check is performed at the beginning and end of each sample analysis 
run. Control limits are 80-120%. 

All criteria were met. No qualifiers were applied. 

V-Matrix SpikelMatrix Spike Duplicate Analysis 
The matrix spike sample analysis provides information about the effect of each sample matrix on 
the digestion and measurement methodology. Spike recovery (%R) must be within the specified 
control limits of 75-125%. However, spike recovery limits do not apply when sample concentration 
exceeds the spike added concentration by a factor of four or more. If the spike recovery is > 
125%, positive sample results are qualified as biased high, " K  and non-detects are not qualified. 
If the spike recovery is < 75% and the sample results are > MDL, the data for these samples are 
qualified as biased low, "L". If the spike recovery falls within the range of 30-74% and the sample 
results are < MDL, the data for these samples are qualified as detection limits biased low, "UL". If 
spike recovery results fall < 30% and the sample results are < MDL, data for these samples are 
qualified as unusable, "R" and results > MDL are qualified as biased extremely low, "L". 

5X Max Equivalent 
Conc. mglkg 

5.25 

4.55 

Max. Equivalent 
Conc. mglkg 

1.05 

0.91 

Element 

Arsenic 

Selenium 

Affected Qualified B Samples 

NRUW2B, NRUL2A, NRULZC, NRULZBD, 
NRUG3A 
NRUL2A 

Blank 
Source 

083000R3 

083000R3 



V-Matrix SpikelMatrix Spike Duplicate Analysis, Continued 

Sample NRUW2B (T09950) was used for the MSIMSD analysis. %R for Aluminum (239.3%, - 
850.3%), Iron (-983.0%, -5409.5%) and Magnesium (195.5%, 73.2%) were outside of the 
control limits. Since the sample concentrations for these elements exceeded the spike added 
concentration by a factor of four or more, no qualifiers were applied based on these outliers. 

For Manganese, MS %R (204.4%) was above the control limit and MSD %R (0.4%) was 
grossly below the control limit. All sample results for this element were positive and were 
qualified as biased low, "L". 

%R for Chromium (71.8%), Potassium (71.9%), Selenium (39.7%) and Vanadium (70.5%) 
were < lower control limit of 75%. Positive sample values for these elements were qualified as 
biased low, "L" and non-detects "UL". 

%R for Antimony (24.9%, 26.7%) was c 30%. Positive sample results for this element were 
qualified as biased extremely low, "L" and non-detects as unusable, "R". 

VI-Duplicate Sample Analysis 
Duplicate sample determinations are used to demonstrate acceptable method precision by the 
laboratory at the time of analysis. Duplicate analyses are also performed to generate data in order 
to determine the long-term precision of the analytical method on various matrices. The relative 
percent difference (RPD) should be +20°/0. 

Sample NRUW2B (T09950) was used for the duplicate analysis. All criteria were met. No 
qualifiers were applied. 

VII-Laboratory Control Samples (LCS) 
Forms VII, Xlll 
The laboratory Control Sample (LCS) serves as a monitor of the overall performance of each step 
during the analysis, including the sample preparation. All LCS results must fall within the control 
established control limits. 

All criteria were met. No qualifiers were applied. 

VIII-ICP Serial Dilution 
Forms I, IX 
The serial dilution of samples quantitated by ICP determines whether or not significant physical or 
chemical interferences exist due to sample matrix. If the analyte concentration in the original 
sample is a factor of 10 above MDL, then an analysis of a 5-fold dilution should agree within 10% 
difference of the original result. 

Percent difference (%D) for elements Antimony (100.0%), Cobalt (100.0%), and Nickel 
(16.5%) were above the control limit. Since the analyte concentrations in the original sample 
were c a factor of ten above their corresponding MDLs, no qualifiers were applied based on 
these outliers. 

Percent difference (%D) for elements Arsenic (1 8.2%), Beryllium (100.0%), Calcium (12.1%), 
Copper (37.7%), Lead (14.8%), Magnesium (14.7%), and Zinc (1 1.4%) were above the 
control limit. Positive values for these elements were qualified as estimated, "J" and non- 
detects had no qualifiers applied. 



IX-Quantitation Verification 
Raw Data. 
The accuracy of analytical results is verified through the calculation of several parameters. The 
percent difference (%D) between the calculated and the reported values should be within 10%. 
The following calculations were performed for verification: 

ICP Sample: NRUL2C (T09955), Aluminum 

Conc. mglkg = (conc. pgIL) (Final Volume L)l(Weight (g)*% Solids as a fraction) 

Conc. mglkg = (164090 pg/L)*(O.l L)l(1.0007 g* 0.801) = 20,471 pglg = 20,471 mglkg 

Reported concentration = 20,500 mglkg 
%D =0.14%. 
Values were within 10% difference 

AA Sample: NRUL2C (T09955), Thallium 
Conc. mglkg = (conc. pg/L) (Final Volume mL)/(Weight g* % Solids as a fraction) 

Conc. mglkg = (2.206 pg/L)*(O.l L)/(1.0012 g* 0.801) = 0.28 pglg = 0.28 mglkg 

Reported concentration = 0.28 mglkg 
%D = 0%. 
Values were within 10% difference. 

CVAA Sample: NRUL2C (T09955), Hg 

Cone. mglkg = (con~ .  pg1L) (Final Volume L)/(Weight g* % Solids as a fraction) 

Conc. mglkg = (0.107 pg/L)*(O.l L)l(0.2088 g* 0.801) = 0.06 pglg = 0.06 mglkg 

Reported concentration = 0.06 mglkg 
%D = 0%. 
Values were within 10% difference 



forb 'E te 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

Laboratory: STL BALTIMORE 

SDG No.: TO9950 

Matrix: SOIL Client ID: 

LAB SAMPLE 

I 
NUMBER 

I 

percent solids: 81.2 Date Received: 09/01/00 

Results for: TOTAL metals 

concentration Unite (ug/L or mg/kg dry weight) : MG/KG 

M P *pn ICP SW6010 
M = n ~ n  Graphite Furnace .AA As by SW7060, Pb by SW7421, Se by 5137740, 

T1 by SW7841, -Sb by 7041 
M .I n c v n  cold Vapor AA - waters by SW7470, soils by SW7471 

I CAS No. 

7 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 . 
7440-66-6 

C Analyte 
- - 

44-sG+--alumd~w-------lZ3 - . --p - 
Antimony 0 .7Y  4.43-% g N u  
Arsenic 2.8 - ' p  - 6 
Barium 40.1 - P 
Beryllium 0 . 6 1 M  P 
Cadmium 
Calcium 
Chromium 

Concentration Q 

Cobalt 
Copper . 
Iron 
Lead 
Magnesium 
Manqanese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

l 

b a 3 - H S U  
8.1 

31600 
5.7 
5570 
188 

o.r%8r86 
11.7 
1600 

o . t L 4 G S  
I . % -  

123 - 1.2. 0.15 
53.6 
,20.7 

- - - - 
- 
g - 

g 

- - 

E 
E 
N 

'r 
g.hl 

, 

hj 

P 
- P 
P - 
P - 
P T  - P - CV 
P 

- 
P - 
P - 
F 

Pf 

3- 

T 

L 

L 
T V L  

p * L  



6.b r c.+ 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

L~ ratory: STL BALTIMORE 

SDG No. : TO9950 

1 Matrix: SOIL 

LAB SAMPLE 

Client ID: NRUW2C 

1 percent solids : 75.8 Date Received: 09/01/00 

1 Results for: TOTAL metals 

M = "Pn ICP SW6010 
M = ~ F W  Graphite F'urnace AA As by SW7060, Pb by SW7421, Se by ~ ~ 7 7 4 0 ,  - T1 by SW7841, Sb by 7041 . IICVW cold Vapor AA - waters by SW7470, soils by SW7471 



fii* I c**, 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

LAB SAMPLE 

Laboratory: S TL BALTIMORE -. . - .. 
. - 

SDG No.: TO9950 

Matrix: SOIL Client ID: . NRUG2BD 

Percent Solids: 88 .4  Date Received: 09/01/00 

Result8 for: TOTAL metal8 

concentration Units (ug/L or mg/kg dry weight) : MG/KG. 

M = wpm ICP SW6010 
M = W F W  Graphite Furnace AA Aa by SW7060, Pb by SW7421, Se by 517740 ,  

T1 by SW7841, Sb by 7 0 4 1  
M = nCVn Cold Vapor AA - waters by SW7470, soils by SW7471 

#r 
- 7 W O -  

S . J T B r 4 - 4 '  $7 0.w- p 
2 4 - 3  - N p L 
1 8 . 0  - P 

4 . 6  - 
24600 - 

1400 
399 

7 . 9  
705 

4 1 . 3  
1 9 . 7  

7440-41-7 
7440-43-9  
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

CAS No. 

5 
7440-36-0 
7440-38-2 
7440-39-3 

Concentration 
-- 

- A l u m i n u m - - A 1 6 0  
0 .68  -044. 

3 . 6  
32 .5  

Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadi'um , 

Zinc 

Analyte 

Antimony 
Arsenic 
Barium 

C 

- 

Q 

N 

M - 
P 
P R  
P - 
P 



- .  FCLczk* 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

La~dratory: STL BALTIMORE ... . -. 
. .- 

3DG No.: TO9950 

LAB SAMPLE 
NUMBER - 
TO9953 

Hatrix: SOIL Client ID: NRUL2A 

percent Solids: 86.7 Date Received: 09/01/00 

Results for: TOTAL metals 

concentration Units ( u g / ~  or mg/kg d r y  weight) : MG/KG 

I Analyte Concentration C 
- I I I  I " I  

M = UP" ICP SW6010 
M = u ~ 4  Graphite Furnace AA Ae by SW7060, Pb by SW7421, Se by 8~7740, 

- .  ~1 by SW7841, Sb by 7041 
1 WCV" Cold Vapor AA - waters by SW7470, soils by SW7471 



6 s  c*+ 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

aboratory : STL BALTIMORE -. . - .. 
- .- 

;DG No. : TO9950 

Sol 

SOIL Client ID : NRUL2B 

ids: 84.8 Date Received: 09/01/00 

LAB SAMPLE 

Results for: TOTAL metals 

concentration Units (ug/L or mg/kg dry weight): MG/KG 

M "Pa ICP SW6010 
M "Fa Graphite Furnace AA As-  by.SW7060 ,!. Pb by SW7421, Se by SW7740, 

' .T1 by SW7841, Sb by 7041 
M = "CV" C o l d  Vapor AA - waters by SW7470, soils by SW7471 



- .  64 C*@7 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

,aboratory : STL BALTIMORE ... . - .. 
- - 

;DG No.: TO9950 

LAB SAMPLE 

TO9955 

datrix: SOIL Client ID: NRUL2 C 

?ercent Solida : 80.1 Date Received: 09/01/00 

Results for: TOTAL metals 

M - "Pm ICP SW6010 
M = HF" ~raphite Furnace AA Ae by SW7060, Pb by SW7421, Se by SW7740, 
"... ~1 by SW7841, Sb by 7041 

, . ~ C V "  cold Vapor A .  - waters by SW7470, soils by SW7471 



. ~ * M T  C.9 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

Laboratory: STL BALTIMORE ... . - .. 
. .- 

SDG No.: TO9950 

Matrix: SOIL . Client ID: NRULZBD 

percent Solids: 84.6 Date Received: 09/01/00 

Results for: TOTAL metals 

LAB SAMPLE 
NUMBER 

I i 

M = nP" ICP SW6010 
M Graphite Furnace AA. Aa by SW7060, Pb by SW7421, Se by SW7740, 

T1 by SW7841, Sb by 7041 
M = I I W ~  cold Vapor AA - waters by SW7470, soils by SW7471 





fi., 1: cad, 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

,k,aboratory: sTL BALTIMORE -. . - . 

LAB SAMPLE 

1::k-l 
. .- 

ISDG No. : TO9950 

1 rtrix: SOIL Client ID: NRUG3A 

!percent solids: 89 .9  Date Received: 09/01/00 

1 Results for: TOTAL metals 

M r n p P "  ICP SW6010 
M = n~~  Graphite Furnace AA As by SW7060, P b  by SW7421, Se by 8 ~ 7 7 4 0 ,  

t T1 by SW7841, Sb by 7041 
M = "CVW cold vapor AA - waters by SW7470, soils by sW7471 



I - .  
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

/ Laboratory: STL BALTIMORE - a - .. 

LAB SAMPLE 

lNUMBER I 

1 Matrix: SOIL Client ID: MMABlC 

1 percent Solids : 90.0 Date Received: 09/01/00 

I Reeulte for: TOTAL metals 

concentration Units (ug/L or mg/kg dry weight): MG/KG 

M = u p "  ICP SW6010 
&= "FU Graphite Furnace AA A8 by SW7060, Pb by SW7421, Se by SW7740, 

T1 by SW7841, Sb by 7041 
k mCVw Cold Vapor AA - waters by SW7470, soils by SW7471 



Fbc. L C s q  

EPA SW846 
LAB SAMPLE 

FORM 1 
METALS ANALYSIS DATA.SHEET 

aboratory : ST& BALTIMORE 

DG No.: TO9950 

latrix: SOIL Client ID: 

jercent solids: 86.9 Date Received: 09/01/00 

~esults for: TOTAL metala 

concentration Units (ug/L or rng/kg dry weight) : M G / ~  

M = UP" ICP SW6010 
M = ~ F H  ~raphite Furnace AA A8 by SW7060, Pb by SW7421, Se by SW7740, 

~1 by SW7841, Sb by 7041 
M = IICV~ cold Vapor AA - waters by SW7470, soils by ~ ~ 7 4 7 1  

No. 

14~9-90 - - 3 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 - 7440-28-0 

Analyte 

A 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manqanese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 

7440-62-2- 
7440-66-6 

Concentration 

hminuni-- 
0.61 -0-4-4- 

1.1 
46.5 

0 . q  8.dL4 - P 
P 

290 - 
XB a 

29300 
9.1 - E , ' P  T - 

E - P  3- 
99.4 N P L  - 

CV - 
961 

Vanadium ' 
57.9 

Zinc - 3- 

C 
- - 
2 - 

------------ 

#J 

Q 

- 
N 

M 
- 
-p- 
P R  
iT - - P 



FI*k 5 csw 
EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

Laboratory : STL BALTIMORE 

SDG.No.: TO9950 

LAB SAMPLE 
W E R  

TO9961 

Matrix: SOIL Client ID : .MMAB4A 

percent Solids: 90.0 Date Received: 09/01/00 

Results for: TOTAL metals 

concentration Units (ug/L or mg/kg dry weight) : MG/KG 

M = "pn ICP SW6010 
M .; "Fn Graphite Furnace AA AS by SW7060, Pb by SW7421, Se by SW7740, - .  ~1 by SW7841, Sb by 7041 
,- . ~ C V W  Cold Vapor AA - waters by SW7470, soils by 517471 



F s  z '9 
EPA SW846 

LAB SAMPLE 
FORM 1 

METALS ANALYSIS DATA SHEET 

Laboratory: STL BALTIMORE ... - - .. 

NUMBER 
I I 

. - 
SDG No.: TO9950 

Matrix: SOIL Client ID.: . MMABIB 

percent sol ids : 87.3 Date Received: 0 9 / 0 1 / 0 0  

Results for: TOTAL metals 

concentration Unite (ug/L or mg/kg dry weight): M G / ~  

Analyte Concentration C Q 

M UP" ICP SW6010 
+I = U F ~  ~rsphite Furnace AA As by SW7060, Pb by SW7421, Se by SW7740, 

~1 by SW7841, Sb by 7041 
M . . . "CV~ cold Vapor AA - waters by SW7470, soils by SW7471 



Fur- z CSQ 

EPA SW846 
LAB SAMPLE 

FORM 1 
METALS ANALYSIS DATA SHEET 

La~dratory: STL BALTIMORE .. - - .. 
. .- 

SDG No.: TO9950 

Matrix: SOIL Client ID: MMAB4C 

Percent Solids: 87.4 Date Received: 09/01/00 

Results for: TOTAL metals 

Concentration Units (ug/L or mg/kg . d r y  weight) : MG/KG 

M 'Pa ICP SW6010 
M = Graphite Furnace AA As by SW7060, Pb by SW7421, Se by SW7740, - T1 by SW7841, Sb by 7041 
1 n ( j ~ "  cold Vapor AA'-  waters by SW7470, soils by SW7471 

Analyte Concentration C Q M 
- - 

d.- .I C)  & n 
C 

Antimony 9.m -Br38 
Arsenic 1.8 - 
Barium 27.4 
Beryllium t+ -Br24 - 
Cadmium - 5  P 
Calcium 
Chromium 
Cobalt 
Copper 4.5 - 
Iron 24000 - P - 
Lead 10.2 - E , - P T 
Magnesium E . P  7- 
Manqanese 170 N - P L  
Mercury 0. - CV 
Nickel P 
Potassium 4 74 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium . 
Zinc 26.1 

- 9 - 4 % 3 - 9 + 5 -  

CAS No. 

7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 - 
7439-92-1 
7439-95-4 
743 9-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440--66-6 



- .  
Ghr c-rf 

EPA SW846 

FORM 1 
METALS ANALYSIS DATA SKEET 

aboratory : STL BALTIMORE -. . - .. 
- ..- 

DG No.: TO9950 

LAB SAMPLE 
NUMBER 

TO9964 

[atrix: SOIL Client ID: MMAU3 A 

lercent solids : 86.4 Date Received: 09/01/00 

~ e s u l t s  for: TOTAL metals 

concentration Units (ug/L or mg/kg dry weight) : MG/KC; 

M o ICP ~W6010 
M = "F" Graphite Furnace AA As by SW7060, Pb by SW7421, Se by Sw7740, 

~1 by SW7841, Sb by 7041 
M = ~ C V "  cold Vapor AA - waters by SW7470, soils by SW7471 

#r 

C 
- 

- 

g 

Concentration 

c-888 w 

-B-;2.rl 0.69 
1.8 
57.9 

0.58 M 
0.02 
389 

10.1 

17800 
10.5 
669 
4 04 

5.2 
654 

- 

Analyte 

--A=, 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 

7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
3439-96-5 
7439-97-6 
7440-02-0 
9440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
5440-62-2 
3440-66-6 - 

-742 

Q 

Q N  

2 r . P  
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manqanese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

CAS No. 

- 9 u - a 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 

M 
- 
n - - 
P 
F - 
P 

P 



-6% I C ~ F ,  
- .  

EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEEEC 

aboratory : STL BALTIMORE -. . - .. 
. - 

DG No. : TO9950 

1atrix: SOIL Client ID: MMAU3B 

'ercent Solids : . . 86.6 Date Received: 09/01/00 

Results for: TOTAL metals 

concentration Units (ug/L or -/kg dry weight) : MG/KG 

LAB SAMPLE 
NUMBER 

TO9965 

M = "P" ICP SW6010 
~b,=. n F n  Graphite Fumace AA As by SW7060, Pb by SW7421, Se by SW7740, 

T1 by SW7841, Sb by 7 0 4 1  
h e R C V ~  Cold Vapor AA - waters by SW7470, soils by SW7471 



F m  s c*q  
- .  EPA SW846 

LAB SAMPLE 
FORM 1 

METALS ANALYSIS DATA SHEET 

sboratory : STL BALTIMORE -. - .. 
. .- 

OG No. : TO9950 

atrix: SOIL Client ID: MMAU3C 

ercent Solids : 91.4 Date Received: 0 9 / 0 1 / 0 0  

Results for: TOTAL metals 

Concentration Units ( u g / ~  or mg/kg dry weight): MG/KG 

P "P" ICP SW6010 
"F" Graphite Furnace AA As by SW.7060,. Pb by SW7421, Se by SW7740, 

T1 by SW7841, Sb by 7 0 4 1  
= "c ' vn  Cold Vapor AA - waters by SW7470, soils by SW7471 



f..h s r n q  
- .  

EPA SW846 

FORM 1 
METALS ANALYSIS DATA SHEET 

,aboratory : STL BALTIMORE .-. - - .. 
. .- 

iDG No.: TO9950 

LAB SAMPLE 
NUMBER 

TO9967 

rlatrix: SOIL Client ID: MMABlA 

?ercent Solids : 87.8 Date Received: 09/01/00 

~esults for: TOTAL metals 

concentration Units (ug/L or mg/kg dry weight): MG/KG 

M r "Pa ICP SW6010 
I!&= n ~ n .  ~raphite Furnace AA As by SW7060, Pb by SW7421, Se by ~ ~ 7 7 4 0 ,  

T1 by SW7841, Sb by 7041 
a W C V ~  cold Vapor AA - waters by SW7470, soils by SW7471 

k 
$7- 

Concentration 

-5 3 7 (! 
0.6# M 

1.9. 
114 

C 
- 

- 

9.0 

2.2 - 
7490 - 
9.4 - 
247 - E 

N 

1.1 0.18 

Analyte 

- k % - u m i .  
Antimony 
Arsenic 
Barium 

7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 - 
7440-66-6 

---------------- 

Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manqanese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Q 

N 

CAS No. 

7-42?+30+r 
7440-36-0 
7440-38-2 
7440-39-3 

M 
- 
D 

P 
P - 
: P  



6- c C¶+ 
- .  

EPA SW846 
LAB SAMPLE 

FORM 1 
METALS ANALYSIS DATA SHEET 

,aboratory : STL BALTIMORE .. . -. 
. - 

;DG No. : TO9950 

NUMBER 
I I 

latrix : SOIL Client ID: MMABlB 

?ercent Solids : . 88.4 Date Received: 09/01/00 

Results for: TOTAL metals 

concentration Units (ug/L or mg/kg dry weight) : MG/KG 

M = UP" ICP SW6010 
M = "Fn Gra~hite Furnace AA As by SW7060,  Pb by SW7421, Se by SW7740, - - - 

~i by SW7841, Sb by 7041 
M = N c V n  Cold Vapor AA - waters by SW7470, soils by SW7471 

-83- 

M 
- 
D 

T L  
- P 
P .Px 

Q 

N 

&Y 

C 
- 
2 - - 

3 . 3  - 
24700 - P 

8.2 - E 
490 - E 
125 N 

0 . I [  -WHS g 
4 .9  - 
579  

114 P 

42.2 - 
25.0 - 

7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-97-6 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 . 
7440-66-6 

Concentration 

7 , 8 8 8  

0.68 
1.2 

47.1 
0 . 5 7  -943 '  

Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Maqnesium 
Manqanese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

CAS No. 

7-4~~ - - 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 

Analyte 

--- 
Antimony 
Arsenic 
Barium 
Beryllium 



MEMORANDUM 

TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - Volatiles 
Envirosystems Lab, SDG IT2 

DATE: November 28,2000 

The purpose of this memorandum is to present the data validation report for the samples 
collected at the Radford Army Ammunition Plant during the August 29-30, 2000 sampling events. 
Samples were analyzed for volatile organic compounds (VOCs) using USEPA SOW method OLM 
04.2 (May 1999). A total of four soil samples were validated. The sample IDS are: 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP and the Innovative Approaches to Data Validation for USEPA Region 111 
(June 1995.) Parameters evaluated under data validation procedure Level M3 are presented in 
Table 1. Data associated with parameters in compliance with quality control specifications have 
not been qualified. Data associated with parameters that did not comply with quality control 
specifications and directly impacted project data have been qualified in accordance with USEPA 
Region Ill specifications. 

Table I .  Laboratory Performance Criteria 

- Qualified 1 - Parameter -2 
Yes I No I I 

--i 

Check 
Initial Calibration 

i 
1 .----_;-.- 117. 

, -. 
d 

X -- i Contlnulng Cal~brat~on 
-L .. .- . _- ---__--- 

I + BlankAnalysis ---.---- 

-I I 

Ir'-xxi Svstem Monitorina Com~ounds 1 
L d 1 d. -- I-x---~ /.- . -  +. Laboratory .- Control Sample 

i X j Matrix SpikeiMatrix Sjike Duplicate I .----...7. ..- .- - - 4 
! 1 X rlnternal Standards I 
*-. - -. P--..---.--.-.l-..-- -- 

j X i Quantitation Verification I 
L. "_^ 1 "" . ."."---.--I" _ llj 

The quality of data collected in support of this sampling activity is considered acceptable with the 
noted qualifications. 

cc: Eric Malarek 
Project File 



RADFORD ARMY AMMUNITION PLANT 
VALIDATION REPORT 
VOLATILES REVIEW 

SDG IT2 

I-Holding Times 
Form I. 
The objective is to ascertain the validity of results based on the holding time of the sample from 
time of collection to time of analysis. Holding time criteria: For soil samples preserved and cooled 
@ 4°C -f. 2"C, the maximum holding time is 14 days from sample collection to analysis. 

Holding time criteria were met. No qualifiers were applied. 

Il-Instrument Performance Check 
Form V 
The analysis of the instrument performance check solution must be performed at the beginning of 
each 12-hour period during which samples are analyzed. The instrument performance check 
solution, bromofluorobenzene (BFB), must meet the specified ion abundance criteria. 

All criteria were met. No qualifiers were applied. 

Ill-Initial Calibration 
Form VI and chromatograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used is capable of producing acceptable qualitative and quantitative data for volatile 
target compounds. Initial calibration demonstrates that the instrument is capable of acceptable 
performance in the beginning of the analytical run and of producing a linear calibration curve. 
Minimum Relative Response Factor (RRF) must be 10.05. Percent Relative Standard Deviation 
(%RSD) must be 515% for each target compound and must be 530% for each calibration check 
compound. 

For initial calibration performed on 09/12/00 on instrument HP73F, compounds 
Bromomethane (22.2%), Chloroethane (27.2%), 1,l-Dichloroethene (16.2%), Methylene 
Chloride (25.4%), 2-Butanone (21.9%) and 2-Hexanone (16.8%) were above the control limit. 
Positive values were qualified as estimated, "J" and non-detects had no qualifiers applied. 

For initial calibration performed on 09/12/00 on instrument HP73F, compounds 
Chloromethane (36.6%) and Acetone (33.3%) grossly exceeded the control limit (i.e > 30%). 
Positive values for these compounds were qualified as estimated, "J" and non-detects "UJ". 

IV-Continuing Calibration 
Form VII and chroma tograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used is capable of producing acceptable qualitative and quantitative data for volatile 
target compounds. Continuing calibration establishes the 12-hour relative response factors on 
which the quantitations are based and checks satisfactory performance of the instrument on a 
day-to-day basis. The percent Difference (%D) between the initial calibration RRF and the 
continuing calibration RRF must be within 20% for all target compounds. 

For continuing calibration performed on 09/12/00 @ 15:30 on instrument HP73F, compound 
Chloromethane (21.6%) exceeded the control limit. Since this compound had already been 
qualified "UJ" from the initial calibration and since it was a non-detect in all the samples, no 
further qualifiers were necessary. 



IV-Continuing Calibration (Cont.) 

For continuing calibration performed on 0911 2/00 Q 103 4 on instrument HP73F, compounds 
Chloromethane (21.7%) and 4-Methyl-2-Pentanone (26.6%) were above the control limit. 
Chloromethane had already been qualified from the initial calibration and no further 
qualification was necessary. Positive values for 4-Methyl-2-Pentanone were qualified as 
estimated, "J" and non-detects had no qualifiers applied. 

For continuing calibration performed on 0911 2/00 Q 10:14 on instrument HP73F, compounds 
Chloromethane (50.2%), Vinyl Chloride (50.5%), Acetone (49%) and 2-Butanone (39.7%) 
were grossly outside the control criteria. Positive values for these compounds were qualified 
as estimated, "J" and non-detects "UJ". 

V-Blank Analysis 
Form I, I V  and chromatograms 
The purpose of blank analyses is to determine the presence and magnitude of contamination 
problems resulting from field and laboratory activities. A method blank analysis must be 
performed after the calibration standards and once every 12-hour time period beginning with the 
injection of BFB. No contaminants should be detected in any of the associated blanks. Positive 
sample results are reported and qualified "B", if the concentration of the compound in the sample 
is 5 10 times ( lox) the maximum amount in any blank for the common laboratory contaminants 
methylene chloride, acetone and 2-butnone, or 5 times (5X) the maximum amount for other 
volatile target compounds. The associated rinse blank is sample number 082800R1. Table 2 
summarizes the blank contamination analysis. 

TABLE 2. BLANK CONTAMINATION SUMMARY. 

VI-System Monitoring Compounds (Surrogates) 
Form I1 and chromatograms. 
Laboratory performance on individual samples is established by means of spiking activities. The 
system monitoring compounds are added to all samples and blanks to measure their recovery. 
Percent Recoveries (%Rs) must be within the specified control limits. 

Compound / Blank Sample # I 10X Max. conc. pglkg 

Control Limits: Toluene-d8 (84-1 38%) 
4-Bromofluorobenzene (59-1 13%) 
1,2-Dichloroethane-d4 (70-1 21 %) 

Sample Affected 

All criteria were met. No qualifiers were applied. 

VII-Laboratory Control Samples 
Form 111 and chromatograms. 
Data for laboratory control samples are generated to determine long-term precision and accuracy 
of the analytical method. Laboratory control samples should be analyzed at a frequency of 1 per 
20 samples or analytical batch for each matrix. Percent Recoveries (%Rs) must be within the 
specified control limits of 60-140%. 

Acetone / 082800R1 

All criteria were met. No qualifiers were applied. 

440 NRUClB 



VIII-Matrix SpikeIMatrix Spike Duplicate 
Form 111 and chromatograms. 
Data for Matrix SpikeIMatrix Spike Duplicates are generated to determine long-term precision and 
accuracy of the analytical method on various matrices and to demonstrate acceptable compound 
recovery by the laboratory at the time of sample analysis. The percent recoveries (%Rs) and the 
relative percent difference (RPD) must be within the specified control limits. 

Sample NRUCI B (0009251 9) was used for the MSIMSD analysis. %RPD for Chlorobenzene 
(22%) was above the control limit of 21%. Since this compound was a non-detect for all the 
samples, no qualifiers were applied based on these outliers. 

IX-Internal Standards 
Form VII and chromatograms. 
Internal Standards performance check ensures that GCIMS sensitivity and response are stable 
during each analytical run. Specific criteria include area count of -50% to +100% and retention 
time of k30 seconds from the associated calibration standards. 

All criteria were met. No qualifiers were applied. 

X-Quantitation Verification 
Form I and chromatograms. 
The accuracy of analytical results is verified through the calculation of several parameters. Any 
positive value < RL and > MDL is reported as estimated "J." The percent difference (%D) 
between the calculated and the reported value should be within 10%. 

Sample: NRUC1 B (00092519)), 2-Butanone 

Conc. pg/kg = (Ax * Is ng * Vt mL DF) / (Ais * RRF Va Ws gm Fs) 

where: 
Ax is the compound area 
Is is the amount of internal standard injected (ng) 
Vt is the total volume of the methanol extract (mL) 
DF is the dilution factor 
Ais is the corresponding internal standard area 
RRF is the continuing calibration average relative response factor 
Va is the volume of the aliquot of the methanol extract (yL) 
Ws is the weight of the sample (g) 
Fs is the fraction of solid [(loo-%moisure)/lOO] 

Conc. = (28323 50 ng 5 mL ) / (250673 *0.894 *I mL* 4.6 gm 0.77) = 9 pg/kg 

Reported conc. = 9 pglkg 
% D = %  
Values were within difference. 



1A EPA SAMPLE NO. 
VOLATILE ORGANICS AMUlYSIS DATA SHEET 

L a b  Name: ENVIROSYSTEMS, INC. Contract: IT 

L a b  Code : ENVSYS Case No. : IT SAS No. : SIX No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092519 

Sample wt/vol: 4.6 (g/mL) G Lab File ID: H73FC883 

Level: (low/med) LOW Date Received: 09/01/00 

% Moisture: not dec. 23 Date Analyzed: 09/12/00 

GC Column: HP-VOC ID: 0.20 (mn) Dilution Factor: 1.0 

Soil Extract Volume : (mL) Soil Aliquot Volume: (UL) 

CAS NO. cxMPoUND 
CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/KG Q 

FORM I VOA-1 

74-87-3 
75-01-4 
74 - 83 -9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34-3 
156-59-2 
78 Y 93.-3 
67-66-3 
71-55-6 
56-23-5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

Chlorome t hane 
Vinyl Chloride 
Bromomethane 
Chloroethane 
1,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
1,l-Dichloroethane 
cis-1,2-Dichloroethene 
-2 -Butanone - . - - .  . . 

Chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 

7 
7 
7 
7 
7 
27 
7 
7 
7 
7 
7 
9 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

UU3- 
U hr 
U 
U 
U 
B 20 
U 
U 
U 
U 
U 
3- - u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



+-dkI, W y  
1B EPA SAMPLG NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No. : IT SAS No. : SIX No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092519 

Sample wt/vol: 4 - 6  (g/mL) G Lab File ID: H73FC883 

&vel : (low/med) LOW Date Received: 09/01/t)o 

% misture: not dec. 23 Date Analyzed: 09/12/00 

GC Column: HP-VOC ID: 0.20 (m) Dilution Factor: 1.0 

Soil Extract V o l ~  : (mu S0i 1 Aliquot Volume : (UL) 

CAS NO. COMPOUND 
CONCENTRATION UNITS : 
(ug/~ or ug/~g) UG/KG Q 

FORM I VOA-2 

10061-02-6 
79-00-5 
127-18-4 
591-78-6 
124-48-1 
108-90-7 
100-41-4 
1330-20-7 
100-42-5 
75-25-2 
79-34-5 

-- - - 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

- - -  - -- -- . 

trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromchloromethane 
Chlorobenzene 
Ethylbenzene 
Xylene (Total) 
Styrene 
Bromoform 
1,1,2,2-Tetrachloroethane 

- - - 

U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
-- - .. L 



I I 

+uRhI, CbPy 
LA EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEM: 

. - Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No. : IT SAS No. : SDG No.: IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092520 

Sample wt/vol: 3.7 (g/mL) G Lab File ID: H73FC881 

~evel: (low/~d) LOW Date Received: 09/01/00 

% Moisture: not dec. 19 Date Analyzed: 09/12/00 

GC Column: HP-VOC ID: 0.20 (mm) Dilution Factor: 1.0 

Soil Extract Vohme: .(mL) 

CAS NO. coMP0UM) 

Soil Aliquot Volume: (UL) 

79-01-6 1 Trichloroethene 
78-87-5 1,2-Dichloropropane 

74 - 87 - 3 
75-01-4 
74 - 83 - 9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34-3 
156-59-2 
7 4 4 =  3 -- 
67-66-3 
71-55-6 
56-23-5 
71-43-2 
107-06-2 

CONCEWTF?ATION UNITS: 
(ug/L or ug/Kg) UG/KG Q 

Chloromethane 
Vinyl Chloride 
Brommethane 
Chloroethane 
1,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
Ill-Dichloroethane 
cis-1,2-Dichloroethene 

- 2 . = ~ o n e .  - . --- - - . .- .- - .- 
Chloroform 
1 , 1 , 1-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 

1 108-88-3 ( Toluene 

FORM I VOA-1 



+UKM 1, CbPY 
1B EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSY STEMS, INC . 
Ldb Code: ENVSYS CaseNo.: IT 

Matrix: (soil/water) SOIL 

Sample wt/vol: 3.7 (g/mI-I) G 

Level: (low/med) L O W  

% Moisture: not dec. 19 

GCColm: HP-VOC ID: 0.20 (m) 

Soil Extract Volume : (mL) 

CAS NO. CoMPoUND 

Contract: IT 

SAS No. : SDG No. : IT2 

Lab Sample ID: 00092520 

Lab File ID: H73FC881 

Date Received: 09/01/00 

Date Analyzed: 09/12/00 

Dilution Factor: 1.0 

Soil Aliquot Volume : (UL) 

CONCENTRATION UNITS : 
(ug/L or ug/Kg) =/KG Q 

trans-1,3-Dichloropropene 8 
1,1,2-Trichloroethane 8 
Tetrachloroethene 8 
2 - Hexanone 8 
Dibrmchlorornethane 8 
Chlorobenzene 8 
Ethylbenzene 8 
Xylene (Total) 8 
Styrene 8 
Bromof orm 8 
1,1,2,2 -Tetrachloroethane 8 

FORM I VOA-2 



1F EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMEQUNDS 

- Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

~ a b  Code: ENVSYS Case No.: IT SAS No. : SDG No.: IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092520 

Sample wt/vol: 3.7 (g /a )  G 

Level: (low/med) LXlW 

Lab File ID: H73FC881 

Date Received: 09/01/00 

% Moisture: not dec. 19 Date Analyzed: 09/12/00 

GC Column: HP-VOC ID: 0.20 (m) Dilution Factor: 1.0 

Soil Extract Volume: (a) 

Number TICS found: 0 

Soil Aliquot Volume : (a) 

C O N ~ T I O N  UNITS : 
hg/L or u9/Kg) ug/Kg 

FORM I VOA-TIC 

- 

COMPOUND MlME ---------------------------- ---------------------------- 

- - -  - - -  

CAS NUMBER _________--_--------- -_--,,-,,-,--------- 

1. 
2. 
3. 
4 .  
5. 
6. 
7. 
8. 
9. 

-2-0 . -- -- -- - - - 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

RT _ _ _ _ _ _ _ _  -------- 
- 

- 
- 
- 
- 

c- 
- 

- 
- 
- 

- 

- 
- 
- 

- - - 

EST. CONC. 
IPI======='=' 

Q ----- 

- - - 
- 
- - 



1A 
Fa~rns, ~ l i  

EPA SAMPLE NO. 
VOLATILE ORGANICS ANAZIYSIS DATA SHEET 

Lab Name : WIROSYSTEMS , INC . 
Labcode: W S Y S  CaseNo.: IT 

Matrix: (soil/water) SOIL 

Sample wt/vol: 4.7 (g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 16 

GC Column: HP-VOC ID: 0.20 (rm) 

Soil Extract Volume: (mu 

CAS NO. COMPOUND 

Contract: IT 

SAS No.: SIX No. : IT2 

Lab Sample ID: 00092522 

Lab File ID: H73FC880 

Date Received: 09/01/00 

Date Analyzed: 09/12/00 

Dilution Factor: 1.0 

Soil Aliquot Volume: (UL) 

CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/KG Q 

FORM I VOA-1 OTA04.2 

il p y : S ( )  

74-87-3 
75-01-4 
74-83-9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34 -3 
156-59-2 

- -78-93-3 
67-66-3 
71-55-6 
5 6 -2 3 - 5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

6 
6 
6 
6 
6 
54 
6 
5 
6 
6 
6 

- - - 6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

Chloromethane 
Vinyl Chloride 
Bromomethane 
Chloroethane 
Ill-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
1,l-Dichloroethane 
cis-1,2-Dichloroethene 

.. 2-Butanone - - -  - 
Chloroform 
1,111-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromdichloromethane 
cis-1,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 

U UJ 
u u1 
U 
U 
U 
B 7 0  
U 
JT 
U 
U 
U 
U U S  - - 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



1B EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No. : IT SAS No.: SDG No. : IT2 

Matrix: (soil/water) SOIL Lab Sanrple ID: 00092522 

Sample wt/vol : 4.7(9/&) G Lab File ID: H73FC880 

Level : (low/&) J A W  Date Received: 09/01/00 

% ~oisture: not dec. 16 Date Analyzed: 09/12/00 

GC Column: HP-VOC ID: 0.20 (mn) Dilution Factor: 1.0 

Soil Extract Volume: ( mL) 

CAS NO. COMPOUND 

Soil Aliquot Volume : (UL) 

CONCENTRATION UNITS : 
(ug/L or ug/Kg) UG/KG Q 

FORM I VOA-2 OM04 .2 

! I  g. jhL .9 l  

10061-02-6 
79-00-5 
127-18-4 
591-78-6 
124-48-1 
108-90-7 
100-41-4 
1330-20-7 
100-42 -5 
75-25-2 
79-34-5 

- - - - - - - 

trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromchloromethane 
Chlorobenzene 
Ethylbenzene 
Xylene (Total) 
Styrene 
Bromoform 
1,1,2,2-Tetrachloroethane 

- - - -  

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

- - 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



+-flhI, wy 
IF EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name : ENVIROSYSm,  INC. 

Lab Code : ENVSYS Case No. : IT 

Matrix: (soil/water) SOIL 

Sample wt/vol: 4.7 (g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 16 

GC Column: HP-VOC ID: 0.20 (m) 

Soil Extract Volume: (mL) 

Number TICS found: 0 

Contract: IT 

SAS No. : SDG No.: IT2 

Lab Sample ID: 00092522 

Lab File ID: H73FC880 

Date Received: 09/01/00 

Date Analyzed: 09/12/00 

Dilution Factor: 1.0 

Soil Aliquot Volurrae : (UL) 

CONCENTRATION UNITS: 
(ug/L or ug/Kg) ug/W 

FORM I VOA-TIC 

CAS NUMBER 
========ps=====P==P= 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

.-lo, --- - 
11. 
12. 
13. 
14. 
15. 

RT 
====r=n= 

- - - - - - - - 
- 

- 

- - 
- 

- 
- 

COMFOUM) NAME 
===P==='=0==='3'=P==:=z===e== 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

EST. CONC. 
=P=----------. 

- - - . . . - , . 

Q 
'===' 

- 

- 
.-- 

- 



1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

- Lab Name : ENVIROSYSTEMS, INC. 

Lab Code : ENVSYS Case No. : IT 

Matrix: (soil/water) SOIL 

Sample wt/vol : 4.2(g/mLl G 

Level: (low/med) IXlW 

% Moisture: not dec. 11 

GC Column: HP-VOC ID: 0.20 (rr~n) 

Soil Extract Volume: 

CAS NO. COMPOUND 

Contract: IT 

SAS No.: SDG No. : IT2 

Lab Saple ID: 00092524 

Lab File ID: H73FC894 

Date Received: 09/01/00 

Date Analyzed: 09/13/00 

Dilution Factor: 1.0 

Soil Aliquot Volume : (a) 

CONCENIWATION UNITS : 
(ug/L or ug/Q) UG/KG Q 

FORM I VOA-1 

74 - 87 -3 
75-01-4 
74-83-9 
75-00-3 
75-35-4 
67-64 -1 
75-15-0 
75-09-2 
156-60-5 
75-34-3 
156-59-2 
73-9 3 = 3 -- 
67-66-3 
71-55-6 
56-23-5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

7 
7 
7 
7 
7 

120 
7 

7 
7 
7 

- 14 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

Chloromethane 
Vinyl Chloride 
Brommethane 
Chloroethane 
1,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
1,l-Dichloroethane 
cis-1,2-Dichloroethene 

- 2 z Butanane . - - - - - - -. 
Chloroform 
l,l,l-Trichlomethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromdichloromethane 
cis-1,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 

UUJ"  
uUT 
U 
U 
U 
BZ-& 
u 

4 J  
U 
U 
U -r ... 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 



+ o ~ k  I, CsQY 
1B EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS , INC . Contract: IT 

Lab Code : ENVSYS Case No. : IT SAS No. : SIX No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092524 

Sample wt/vol : 4.2 (g/mL) G Lab File ID: H73FC894 

~evel: (low/med) LOW Date Received: 09/01/00 

% Moisture: not dec. 11 Date Analyzed: 09/13/00 

GCCO~W: HP-VOC ID: 0.20 (m) Dilution Factor: 1.0 

Soil Extract Volume: (mL) 

CAS NO. COMPOUND 

Soil Aliquot Volurrae : (a) 

C O N ~ T I O N  UNITS : 
(ug/L or ug/Kg) UG/KG Q 

FORM I VOA-2 

10061-02-6 
79-00-5 
127-18-4 
591-78-6 
124 -48- 1 
108-90-7 
100-41-4 
1330-20-7 
100-42-5 
75-25-2 
79-34-5 

trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromochloromethane 
Chlorobenzene 
Ethylbenzene 
Xylene (Total) 
Styrene 
Bromform 
1,1,2,2-Tetrachloroethane 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

- . 

U 
u 
u 
u 
u 
u 
u 
U 
u 
u 
U 

- - - -  I 



1F EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMFOUNDS - Lab Name: ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No. : IT SAS No. : SDG No.: IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092524 

Sample wt/vol: 4.2 (g/m.) G Lab File ID: H73FC894 

~evel : (low/med) LOW Date Received: 09/01/00 

% Moisture: not dec. 11 Date Analyzed: 09/13/00 

GC Column: HP-VOC ID: 0.20 (mm) Dilution Factor: 1.0 

Soil Extract Volume : (mL) 

Number TICS found: 0 

Soil Aliquot Volume : (UL) 

CONCENTRATION UNITS: 
(ug/L or ug/Kg) ug/Kg 

CAS NUMBER 1 COMPOUND NAME 
===================I ===P======i============X= ======== ------------- 

I RT I EST. CON=- 

FORM I VOA-TIC 



MEMORANDUM 

TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - Volatiles 
Envirosystems Lab, SDG IT3 

DATE: Novem ber 28, 2000 

The purpose of this memorandum is to present the data validation report for the samples 
collected at the Radford Army Ammunition Plant during the August 30, 2000 sampling event. 
Samples were analyzed for volatile organic compounds (VOCs) using USEPA SOW method OLM 
04.2 &lay 1999). A total of four soil samples were validated. The sample IDS are: 

Field Sample ID: NRUWlB NRUWlC NRUG2C NRUG2BD 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP and the Innovative Approaches to Data Validation for USEPA Region 111 
(June 1995). Parameters evaluated under data validation procedure Level M3 are presented in 
Table 1. Data associated with parameters in compliance with quality control specifications have 
not been qualified. Data associated with parameters that did not comply with quality control 
specifications and directly impacted project data have been qualified in accordance with USEPA 
Region Ill specifications. 

Table 1. Laboratory Performance Criteria 

Parameter 

I Internal Standards 
Quantitation Verification ------I I i ?--A 

The quality of data collected in support of this sampling activity is considered acceptable with the 
noted qualifications. 

cc: 
Eric Malarek 
Project File 



RADFORD ARMY AMMUNITION PLANT 
VALIDATION REPORT 
VOLATILES REVIEW 

SDG IT3 

I-Holding Times 
Form I. 
The objective is to ascertain the validity of results based on the holding time of the sample from 
time of collection to time of analysis. Holding time criteria: For soil samples preserved and cooled 
Q 4°C + 2"C, the maximum holding time is 14 days from sample collection to analysis. 

Holding time criteria were met. No qualifiers were applied. 

11-Instrument Performance Check 
Form V 
The analysis of the instrument performance check solution must be performed at the beginning of 

, each 12-hour period during which samples are analyzed. The instrument performance check 
solution, bromofluorobenzene (BFB), must meet the specified ion abundance criteria. 

All criteria were met. No qualifiers were applied. 

Ill-Initial Calibration 
Form VI and chromatograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used is capable of producing acceptable qualitative and quantitative data for volatile 
target compounds. Initial calibration demonstrates that the instrument is capable of acceptable 
performance in the beginning of the analytical run and of producing a linear calibration curve. The 
minimum relative response factor (RRF) must be 2 0.05. Percent relative standard deviation 
(%RSD) must be 5 15% for each target compound and must be 5 30% for each calibration check 
compound. 

For initial calibration performed on 09/12/00 on instrument HP73F, %RSD for compounds 
Bromomethane (22.2%), Chloroethane (27.2%), 1, l  -Dichloroethene (1 6.2%), Methylene 
Chloride (25.4%), 2-Butanone (21.9%) and 2-Hexanone (1 6.8%) were above the control limit. 
Positive values for these compounds were qualified as estimated, "J", and non-detects had 
no qualifiers applied. 

For initial calibration performed on 09/12/00 on instrument HP73F, %RSD for compounds 
Chloromethane (36.6%) and Acetone (33.3%), were grossly above the control limit (i.e > 
30%). Positive values for these compounds were qualified as estimated, "J" and non-detects 
"UJ". 

IV-Continuing Calibration 
Form 1/11 and chromatograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used is capable of producing acceptable qualitative and quantitative data for volatile 
target compounds. Continuing calibration establishes the 12-hour relative response factors on 
which the quantitations are based and checks satisfactory performance of the instrument on a 
day-to-day basis. The percent difference ('/OD) between the initial calibration RRF and the 
continuing calibration RRF must be within 20% for all target compounds. 



IV-Continuing Calibration (Cont.) 

For continuing calibration performed on 09/12/00 @15:30 on instrument HP73F, %D for 
Chloromethane (21.6%) was above the control limit. Since this compound was a non-detect 
in all the samples and had been qualified "UJ" owing to an initial calibration criteria failure, no 
qualifiers were applied based on this outlier. 

For continuing calibration performed on 09/13/00 @10:14 on instrument HP73F, OhD for 
compounds Chloroethane (21.7%), 2-Butanone (39.7%), 4-Methyl-2-Pentanone (26.6%), 2- 
Hexanone (37.1%) and 1,1,2,2-Tetrachloroethane (29.0%) were outside of the control 
criteria. Positive values for these compounds were qualified as estimated, "J" and non- 
detects had no qualifiers applied. 

For continuing calibration performed on 09/13/00 Q10:14 on instrument HP73F, %D for 
compounds Chloromethane (50.2%), Vinyl Chloride (50.5%), and Acetone (49.0%) were 
grossly above the control limit (i.e >40%). Positive values for these compounds were qualified 
as estimated, "J" and non-detects "UJ". 

V-Blank Analysis 
Form I, IV and chromatograms 
The purpose of blank analyses is to determine the presence and magnitude of contamination 
problems resulting from field and laboratory activities. A method blank analysis must be 
performed after the calibration standards and once every 12-hour time period beginning with the 
injection of BFB. No contaminants should be detected in any of the associated blanks. Positive 
sample results are reported and qualified "B", if the concentration of the compound in the sample 
is I 10 times ( lox) the maximum amount in any blank for the common laboratory contaminants 
methylene chloride, acetone and 2-butanone, or 5 times (5X) the maximum amount for other 
volatile target compounds. The associated rinse blank is sample number 082800R1. Table 2 
summarizes the blank contamination analysis. 

TABLE 2. BLANK CONTAMINATION SUMMARY. 

VI-System Monitoring Compounds (Surrogates) 
Form I 1  and chromatograms. 
Laboratory performance on individual samples is established by means of spiking activities. The 
system monitoring compounds are added to all samples and blanks to measure their recovery. 
Percent Recoveries (%Rs) must be within the specified control limits. 

Compound I Blank 
Sample # 
Acetone / 082800R1 

Control Limits: Toluene-d8 (84-1 38%) 
4-Bromofluorobenzene (59-1 13%) 
1,2-Dichloroethane-d4 (70-1 21 %) 

All criteria were met. No qualifiers were applied. 

5X Max. conc. pglkg 

N/A 

10X Max. conc. 

pglkg 
440 

Samples Affected 

All 



VII-Laboratory Control Samples 
Form 111 and chromatograms. 
Data for laboratory control samples are generated to determine long-term precision and accuracy 
of the analytical method. Laboratory control samples should be analyzed at a frequency of 1 per 
20 samples or analytical batch for each matrix. Percent Recoveries (%Rs) must be within the 
specified control limits of 60-1 40%. 

All criteria were met. No qualifiers were applied. 

VIII-Internal Standards 
Form VII and chromatograms. 
Internal Standards performance check ensures that GCIMS sensitivity and response are stable 
during each analytical run. Specific criteria include area count of -50% to +loo% and retention 
time of f 3 0  seconds from the associated calibration standards. 

All criteria were met. No qualifiers were applied. 

IX-Quantitation Verification 
Form 1 and chromatograms. 
The accuracy of analytical results is verified through the calculation of several parameters. Any 
positive value < RL and z MDL is reported as estimated "J." The percent difference (%D) 
between the calculated and the reported value should be within 10%. 

Sample: NRUW1 B (00092529), 2-Butanone 

Conc. yglkg = (Ax ' Is ng ' Vt mL ' DF) I (Ais ' RRF ' Va ' Ws gm ' Fs) 

where: 
Ax is the compound area 
Is is the amount of internal standard injected (ng) 
Vt is the total volume of the methanol extract (mL) 
DF is the dilution factor 
Ais is the corresponding internal standard area 
RRF is the continuing calibration average relative response factor 
Va is the volume of the aliquot of the methanol extract (mL) 
Ws is the weight of the sample (g) 
Fs is the fraction of solid [ ( I  00-%moisure)/l00] 

Conc. = 23995'50 ng'5 mL*1/258455*0.617'1 mL'4.56 9'0.79 = 10 yglkg 

Reported conc. = 10 pglkg 
%D = 0% 
Values were within 10% difference. 



1A 
F&k\ I, CH-r  

EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Narne : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No. : IT3 SAS No.: SDG No. : IT3 

~atrix: (soil/water) SOIL Lab Sample ID: 00092529 

Sample wt/vol: 4.6 (dm G Lab File ID: H73FC895 

~evel: (low/med) LOW Date Received: 09/01/00 

% Moisture: not dec. 21 Date Analyzed: 09/13/00 

GC Column: HP-VOC ID: 0.20 Dilution Factor: 1.0 

Soil Extract Volume: (6) Soil Aliquot volume: (UL) 

CONCENTRATION UNITS : 
CAS NO. cWE?OUND (ug/L or ug/Kg) UG/KG Q 

- 

7 
7 
7 
7 
7 

110 
7 
5 
7 
7 
7 

67-66-3 
71-55-6 
56-23-5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

74-87-3 
75-01-4 
74-83-9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75 -34 -3 
156-59-2 

-- - - - 78- 93-3- 

UW 
U W  
U 
U 
U 
B ~ B  
U 
J r  
U 
U 
U 

Chloromethane 
Vinyl Chloride 
Bromornethane 
Chloroethane 
1,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
1,l-Dichloroethane 
cis-1,2-Dichloroethene 

---2-Butanone- - - -- - - - - - - -  - - 

Chlomfor~II 
l,l,l-Trichlomethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cis-l,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 

7 
u- - -  

7 U 
7 U 
7 U 
7 U 
7 U 
7 U 
7 U 
7 U 
7 U 
7 U 



I I 

&M 1, CbPY 
1B EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEST 

- Lab Name : ENVIROSYSTEMS, INC. 
Lab Code : ENVSYS Case No. : IT3 

Matrix: (soil/water) SOIL 

Sample wt/vol: 4.6 (g/niL) G 

Level: (low/md) L O W  

% Moisture: not dec. 21 

GC Column: HP-VOC ID: 0.20 (m) 

Soil Extract Volume : (mL) 

CAS NO. coIwoUND 

Contract: IT 

SAS No.: SDG No. : IT3 

Lab Sample ID: 00092529 

Lab File ID: H73FC895 

Date Received: 09/01/00 

Date Analyzed: 09/13/00 

Dilution Factor: 1.0 

Soil Aliquot Volume : (S) 

CONCENTRATION UNITS : 
(ug/L or ug/Kg) UG/KG Q 

FORM I VOA-2 

10061-02-6 
79- 00 -5 
127-18-4 
591-78-6 
124 -48 -1 
108 - 90 -7 
100-41-4 
1330-20-7 
100-42-5 
75-25-2 
79-34-5 

- - - -- - - - - - - - 

trans-1,3-Dichloropropene 
1 , 1 , 2 -Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromochloromethane 
Chlorobenzene 
Ethylbenzene 
Xylene (Total) 
Styrene 
BroITk3foZlIl 
1,1,2,2-Tetrachloroethane 

- - - - - - - - - - - -  - - - ---- -- - 

- 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

- - 

U 
U 
U 
U 
U 
U 
U 
U 
u - 

U 
u 



~ U R K  I, M Y  
1F EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: ENVIROSYSTEMS, INC. Contract: IT 

Lab Code: ENVSYS Case No. : IT3 SAS No.: SDG No. : IT3 

Matrix: (soil/water) SOIL Lab Sample ID: 00092529 

Sample wt/vol: 4.6 (g/mL) G Lab File ID: H73FC895 

~evel: (low/med) LOW Date Received: 09/01/00 

% Moisture: not dec. 21 Date Analyzed: 09/13/00 

GC column: HP-VOC ID: 0.20 (m) Dilution Factor: 1.0 

Soil Extract Volume : (mL) 

Number TICS found: 0 

Soil Aliquot Volume : (5) 

CONCENTRATION UNITS : 
(ug/L or ug/Kg) ug/Kg 

I CAS NUMBER COMPOUND NAME 

FORM I VOA-TIC 



1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

11 

Lab Name : ENVIROSYSTEMS, INC. 

Lab Code : ENVSYS Case No. : IT3 

Matrix: (soil/water) SOIL 

sample wt/vol: 4.3 (g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 25 

GCColw: HP-VOC ID: 0.20 (m) 

Soil Extract VolUW: (mt) 

Contract: IT 

SAS No.: SDG No. : IT3 

Lab Sarrrple ID: 00092530 

Lab File ID: H73FC896 

Date Received: 09/01/00 

Date Analyzed: 09/13/00 

Dilution Factor: 1.0 

Soil Aliquot V o l m  : (uL) 

'KG Q 
CONCENTRATION UNITS : 

CAS NO. COMFQUND (ug/Lorug/Kg) UG 

FORM I VOA-1 O W 4  - 2  

8 
8 
8 
8 
8 
3 1 
8 
7 
8 
8 
8 

-_ - - 8 - --- - 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

ir..r 

-- - - 

74-87-3 
75-01 -4 
74-83-9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34-3 
156-59-2 - 7-8 -93-3- 
67-66-3 
71- 55- 6 
56-23-5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

Chlorm t hane 
Vinyl Chloride 
Brommethane 
Chloroethane 
Ill-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
Ill-Dichloroethane 
cis-1,2-Dichloroethene 

--~-~~RQRP---- -- - -_-- . _- _- - 
Chloroform 
1 , 1,l-Trichlomethane 
Carbon Tetrachloride 
Benzene 
112-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 



k k  I, W Y  
1B EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS R24TA SHEET 

Lab Name : ENVIROSYSTEMS, INC . 
Labcode: ENVSYS Case No.: IT3 

Matrix: (soil/water) SOIL 

sample wt/vol: 4.3 (g/mL) G 

Level : (low/med) LXlW 

% Moisture: not dec. 25 

GCColm: HP-VOC ID: 0.20 (m) 

Soil Extract Volume : (a) 

CAS NO. COMPOUND 

Contract: IT 

SAS No.: SDG No.: IT3 

Lab Sample ID: 00092530 

Lab File ID: H73FC896 

Date Received: 09/01/00 

Date Analyzed: 09/13/00 

Dilution Factor: 1.0 

Soil Aliquot Volume: (UL) 

 TION ON UNITS : 
(w/L or ug/Kg) UG/KG Q 

FORM I VOA-2 OLM04.2 

il P"C 83 

10061-02-6 trans-1,3-Dichloropropene 
79-00-5 1,1,2-Trichloroethane 
127-18-4 Tetrachloroethene 
591-78-6 2-Hexanone 
124-48-1 Dibromchloromethane 
108-90-7 Chlorobenzene 
100-41-4 Ethylbenzene 
1330-20-7 Xylene (Total) 
100-42 -5 Styrene 
75-25-2 Bromoform 
79-34-5 1,1,2,2-Tetrachloroethane 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

U 
U 
U 
U 
U 
U 
U 
U 
u - 
U 
U I - - 



IF 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

EPA SAMPLE NO. 

TEXrATIVELY IDENTIFIED coMmUNDS 

" Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No. : IT3 SAS No.: SDG No.: IT3 

~atrix : (soil/water) SOIL Lab Sample ID: 00092530 

sample wt/vol: 4.3 (g/mL) G Lab File ID: H73FC896 

~evel: (low/med) mW Date Received: 09/01/00 

% Moisture: not dec. 25 Date Analyzed: 09/13/00 

GC Column: HP-VOC ID: 0.20 (m) Dilution Factor: 1.0 

Soil Extract Volume: 

Number TICsfound: 0 

Soil Aliquot Volume: (a) 
CONCENTRATION UNITS : 

(ug/L or ug/Kg) ug/Kg 

FORM I VOA-TIC 



1A 
4=kK~ 1, W Y  

EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS JXTA SHEET 

Lab Name : mROSYSTEMS, INC . 
Lab Code: ENVSYS Case No. : IT3 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.0 (g/mL) G 

Level : (low/~d) LOW 

% Moisture: not dec. 28 

GCColumn: HP-VOC ID: 0.20 (m) 

Soil Extract Volume: 

CAS NO. COMPOUND 

Contract: IT 

SAS No. : SDG No. : IT3 

Lab Sample ID: 00092532 

Lab File ID: H73FC897 

Date Received: 09/01/00 

Date Analyzed: 09/13/00 

Dilution Factor: 1.0 

Soil Aliquot Volume: (UL) 

CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/KG Q 

FORM I VOA-1 

74-87-3 
75 - 01-4 
74-83-9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34-3 
156-59-2 

- - 
67-66-3 
71-55-6 
56-23 -5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

Chlorornethane 
Vinyl Chloride 
Brommethane 
Chloroethane 
1,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
1,l-Dichloroethane 
cis-1,2-Dichloroethene 

P----SBttE------- --- - -- - -- -- - - -  - - - . 
ChlorOfoITi 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 

7 
7 
7 
7 
7 

130 
7 
7 
7 
7 
7 

.- _ _- . _- _ 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

u u r  
u UJ 
U 
U 
U 
~ 3 0  
U 
U 
U 
U 
U 

- - 5_- _. - 
F-- 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

--- 



I I 

&hi, m y  
1B EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEZT 

1-2 

Lab Name : E N V I R O S Y S ~  , INC . 
Lab Code: ENVSYS Case No.: IT3 

Matrix: (soil/water) SOIL 

sample wt/vol : S.O(g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 28 

GC Column: HP-VOC ID: 0.20 (m) 

Soil Extract Volume: (mL) 

CAS NO. coMPOUM) 

Contract: IT 

SAS No. : SIX No. : IT3 

Lab Sample ID: 00092532 

Lab File ID: H73FC897 

Date Received: 09/01/00 

Date Analyzed: 09/13/00 

Dilution Factor: 1.0 

Soil Aliquot Volume: (UL) 

mNcENTRM"I'ON UNITS : 
(ug/L or u9/%) UG/KG Q 

7 
7 
7 
7 
7 
7 
7 

10061-02-6 
79-00-5 
127-18-4 
591-78-6 
124-48-1 
108-90-7 
100-41-4 
1330-20-7 Xylene (Total) 7 
100-42-5 Styrene 7 
75-25-2 Bromform 7 
79-34-5 1,1,2,2-Tetrachloroethane 7 

trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromchloromethane 
Chlorobenzene 
Ethylbenzene 



-)"dPhx, @ Y  
EPA SAMPLE NO. - 

VOLATILG ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

~ a b  Code: ENVSYS Case No.: IT3 SAS No. : SDG No. : IT3 

mtrix: (soil/water) SOIL Lab Sample ID: 00092532 

sample wt/vol: 5.0 (g/mL) G Lab File ID: H73FC897 

~evel: (low/med) LOW Date Received: 09/01/00 

% Moisture: not dec. 28 Date Analyzed: 09/13/00 

~ccolumn: HP-VOC ID: 0.20 (m) Dilution Factor: 1.0 

Soil =tract Volume: Soil Aliquot Volume : (a) 

Number TICS found: 0 
CON-TION UNITS : 

(ug/L or ug/Kg) ug/~g 

CAS NUMBER COMPOUND NAME 
=-----=='~========== = = = = = = = = = p = = = = = = = = = - ' O = = = - - - - - -  

1. 
2 .  
3 .  

RT I EST. CCNC. I Q / 
=PI===== =PP===P==PPlP I==== 

FORM I VOA-TIC 



1A EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

- Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No.: IT3 SAS No.: SDG No. : IT3 

mtrix: (soil/water) SOIL Lab Sample ID: 00092536 

Saqle wt/vol : 4.6(g/mL) G Lab File ID: H73FC898 

~evel: (low/med) LOW Date Received: 09/01/00 

% ,  Moisture: not dec. 11 Date Analyzed: 09/13/00 

~~~o1umn:HP-VOC ID: 0.20 (rrm) Dilution Factor: 1.0 

Soil Extract Volume: (mL) 

CAS NO. COMPOUND 

Soil Aliquot Volume: (a) 

CONCENTRATION UNITS: 
(ug/L or ug/?Q) UG/KG Q 

74-87-3 
75-01-4 
74-83-9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34-3 
156-59-2 

-- - 78-9-3-3 - - 
67-66-3 
71-55-6 
56-23-5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

FORM I VOA-1 

Chl orome thane 
Vinyl Chloride 
Bromomethane 
Noroethane 
Ill-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene - 

1,l-Dichloroethane 
cis-1,2-Dichloroethene 

--2--But---- - -- -- . . _. - -. .--_ - - _ .- -- 
Chlorofom 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromdichloromethane 
cis-1,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 



Tetk r, cap7 
1B EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. 

Lab Code : ENVSYS Case No.: IT3 

Matrix: (soil/water) SOIL 

Sanrple wt/vol: 4.6 (g/mL) G 

Level: (low/med) LOW 

% Moisture: not dec. 11 

GCColumn: HP-VOC ID: 0.20 (m) 

Soil Ektract Volume: (NL) 

CAS NO. COMPOUND 

Contract : IT 

SAS No. : SIX NO. : IT3 

Lab Sample ID: 00092536 

Lab File ID: H73FC898 

Date Received: 09/01/00 

Date Analyzed: 09/13/00 

Dilution Factor: 1.0 

Soil Aliquot Volume: (5) 

CONCENTRATION UNITS: 
(ugh or ug/I(51) UG/KG Q 

FORM I VOA-2 OLMO4.2 

10061 -02 - 6 
79-00-5 
127-18-4 
591-78-6 
124-48-1 
108-90-7 
100-41-4 
1330-20-7 
100-42-5 
75-25-2 
79-34-5 

- - - - - 

6 
6 
6 
6 
6 
6 
6 
6 

6 
6 

4 

trans-1,3 -Dichloropropene 
1,1,2-Trichloroethane 
Tetrachlomethene 
2-Hexanone 
Dibromchloromethane 
Chlorobenzene 
Ethylbenzene 
Xylene (Total) 
Styrene 
Bro~Ofom 
1,1,2,2-Tetrachloroethane 

-. - - - - - - - - - - - - - - - -- -. - - .. 

U 
U 
U 
U 
U 
U 
U 
U 

6 u -  
U 
U J 



C 
I I 

1F 
&m I, m-r 

EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 
h 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No. : IT3 SAS No.: SDG No.: IT3 

~atrix: (soil/water) SOIL Lab Sample ID: 00092536 

Sample wt/vol: 4.6 (g/mL) G Lab File ID: H73FC898 

~evel : (low/med) W W  Date Received: 09/01/00 

% Moisture: not dec. 11 Date Analyzed: 09/ 13/00 

GCCol-: HP-VOC ID: 0.20 (m) Dilution Factor: 1.0 

Soil Extract Volume: (a) Soil Aliquot Volume: (a) 
CONCENTRATION UNITS: 

(ug/L or ug/Kg) ug/Kg Number TICS found: 0 

COMPOUND NAME ............................ -------- ---------------------------- -------- I RT 
EST. CONC. ------------ ------------= 

II. I ,, I I 

FORM I VOA-TIC 



MEMORANDUM 

TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - Volatiles 
Envirosystems Lab, SDG IT5 

DATE: November 28,2000 

The purpose of this memorandum is to present the data validation report for the samples 
collected at the Radford Army Ammunition Plant during the September 6-7, 2000 sampling 
events. Samples were analyzed for volatile organic compounds (VOCs) using USEPA SOW 
method OLM 04.2 (May 1999). A total of six soil samples were validated. The sample IDS are: 

Field Sample ID 
MMAB3B 
MMAW2B 
MMAW2C 

MMAW2CD 
MMAUl B 
MMAUlC 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP and the Innovative Approaches to Data Validation for USEPA Region 111 
(June 1995.) Parameters evaluated under data validation procedure Level M3 are presented in 
Table 1. Data associated with parameters in compliance with quality control specifications have 
not been qualified. Data associated with parameters that did not comply with quality control 
specifications and directly impacted project data have been qualified in accordance with USEPA 
Region Ill specifications. 

Table 1. Laboratory Performance Criteria 

Parameter 1 - 1  
1 

i L-.-A--.E--- Ed_il19_TirnesS-- i 
I 
! X--~lnstrument Performance Check i- . . I X +Initial Calibration -1 
I i-_r-+___-lli.. 1 X A Continuing-Calibration - 

j X IBlankAnalysis 

I 
* - .- --- . 

---- i X I System Monitoring Compounds .- 

I X ' Matrix SpikeIMatrix Spike Duplicate I i " I .... .. - - . - "__._i 
i X i Internal Standards 

i--" :.--i - --..-.-.--ll--.--.-l: : x i  ! Quantitation Verification j 

The quality of data collected in support of this sampling activity is considered acceptable with the 
noted qualification. 

cc: Eric Malarek 
Project File 



RADFORD ARMY AMMUNITION PLANT 
VALIDATION REPORT 
VOLATILES REVIEW 

SDG IT5 

I-Holding Times 
Form I. 
The objective is to ascertain the validity of results based on the holding time of the sample from 
time of collection to time of analysis. Holding time criteria: For soil samples preserved and cooled 
@ 4°C f 2"C, the maximum holding time is 14 days from sample collection to analysis. 

Holding time criteria were met. No qualifiers were applied. 

Il-Instrument Performance Check 
Form V 
The analysis of the instrument performance check solution must be performed at the beginning of 
each 12-hour period during which samples are analyzed. The instrument performance check 
solution, bromofluorobenzene (BFB), must meet the specified ion abundance criteria. 

All criteria were met. No qualifiers were applied. 

Ill-Initial Calibration 
Form VI and chromatograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used is capable of producing acceptable qualitative and quantitative data for volatile 
target compounds. Initial calibration demonstrates that the instrument is capable of acceptable 
performance in the beginning of the analytical run and of producing a linear calibration curve. The - minimum relative response factor (RRF) must be r 0.05. Percent relative standard deviation 
(%RSD) must be I 15% for each target compound and must be I 30% for each calibration check 
compound. 

For initial calibration performed on 09/19/00 on instrument HP73F, Acetone (18.3%) was 
above the control limit. Since this compound was a non-detect in all the samples, no 
qualifiers were applied based on this outlier. 

IV-Continuing Calibration 
Form VII and chromatograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used is capable of producing acceptable qualitative and quantitative data for volatile 
target compounds. Continuing calibration establishes the 12-hour relative response factors on 
which the quantitations are based and checks satisfactory performance of the instrument on a 
day-to-day basis. The percent difference (%D) between the initial calibration RRF and the 
continuing calibration RRF must be within 20% for all target compounds. 

For continuing calibration performed on 09/19/00 631539 on instrument HP73F, all criteria 
were met. No qualifiers were applied. 



V-Blank Analysis 
Form I, IV and chromatograms 
The purpose of blank analyses is to determine the presence and magnitude of contamination 
problems resulting from field and laboratory activities. A method blank analysis must be 
performed after the calibration standards and once every 12-hour time period beginning with the 
injection of BFB. No contaminants should be detected in any of the associated blanks. Positive 
sample results are reported and qualified "B", if the concentration of the compound in the sample 
is 5 10 times ( lox) the maximum amount in any blank for the common laboratory contaminants 
methylene chloride, acetone and 2-butnone, or 5 times (5X) the maximum amount for other 
volatile target compounds. The associated rinse blank is sample number 0831 00R4. 

There was a blank contamination of 4 yglkg for compound 2-Hexanone (VBLKFF). Since this 
compound was a non-detect in all the samples, no qualifiers were applied based on this 
outlier. 

VI-System Monitoring Compounds (Surrogates) 
Form I1 and chromatograms. 
Laboratory performance on individual samples is established by means of spiking activities. The 
system monitoring compounds are added to all samples and blanks to measure their recovery. 
Percent Recoveries (%Rs) must be within the specified control limits. 

Control Limits: Toluene-d8 (84-1 38%) 
4-Bromofluorobenzene (59-1 13%) 
1,2-Dichloroethane-d4 (70-1 21 %) 

All criteria were met. No qualifiers were applied. 

VII-Matrix SpikeJMatrix Spike Duplicate 
Form Ill and chromatograms. 
Data for Matrix SpikeIMatrix Spike Duplicates are generated to determine long-term precision and 
accuracy of the analytical method on various matrices and to demonstrate acceptable compound 
recovery by the laboratory at the time of sample analysis. The percent recoveries (%Rs) and the 
relative percent difference (RPD) must be within the specified control limits. 

Sample MMAW2BD (00092621) was used for the MSIMSD analysis. All criteria were met. No 
qualifiers were applied. 

V111-Internal Standards 
Form VII and chroma tograms. 
Internal Standards performance check ensures that GCIMS sensitivity and response are stable 
during each analytical run. Specific criteria include area count of -50% to +100% and retention 
time of k30 seconds from the associated calibration standards. 

All criteria were met. No qualifiers were applied. 

IX-Quantitation Verification 
Form I and chromatograms. 
The accuracy of analytical results is verified through the calculation of several parameters. Any 
positive value <RL and >MDL is reported as estimated "J." The percent Difference (%D) between 
the calculated and the reported value should be within 10%. 



IX-Quantitation Verification (Cont.) 

Sample: MMAWPBMS (00092621)), Chlorobenzene 

Conc. pg/kg = (Ax ' Is ng ' Vt mL * DF) / (Ais RRF Va * Ws gm * Fs) 

where: 
Ax is the compound area 
Is is the amount of internal standard injected (ng) 
Vt is the total volume of the methanol extract (mL) 
DF is the dilution factor 
Ais is the corresponding internal standard area 
RRF is the continuing calibration average relative response factor 
Va is the volume of the aliquot of the methanol extract (pL) 
Ws is the weight of the sample (g) 
Fs is the fraction of solid [ ( I  OO-O/omoisure)/lOO] 

Conc. = (555436 ' 50'5 ' 1 ) / (585556 ' 1.092 '1 5.10 '0.89) = 48 pg/kg 

Reported conc. = 48 pg/kg 
%D = 0% 
Values were within 10% difference. 



LA 
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EPA SAMPLE NO. 
VOLATILE ORGANICS AMlLYSIS DATA SHEET 

Lab N m :  ENVIROSYSTEMS, INC. 

Lab Code : ENVSYS Case No. : IT5 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.3 (g/mL) G 

Level : (low/med) I D W  

% Moisture: not dec. 9 

GC Column: HP-VOC ID: 0.25 (mn) 

Soil Extract Volume: 

CAS NO. COMFOUND 

Contract: IT 

SAS No.: SDG No. : IT5 

Lab Sample ID: 00092619 

Lab File ID: H73FC943 

Date Received: 09/08/00 

Date Analyzed: 09/19/00 

Dilution Factor: 1.0 

Soil Aliquot Volume : (a) 

CONCENTRATION UNITS: 
(ug/L or u g / W  m/KG . Q 

FORM I VOA-1 

74-87-3 
75-01-4 
74-83-9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34-3 
156-59-2 
78-93-3 
67-66-3 
71-55-6 
56-23-5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

5 
5 
S 
5 
S 
5 
5 
5 
5 
5 
5 
5 
5 
5 
S 
S 
5 
5 
5 
5 
5 
5 
5 

Q~loromethane 
Vinyl Chloride 
Br-thane 
Chloroethane 
1,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
1 , 1-Dichloroethane 
cis-1,2-Dichloroethene 
2-Butanone 
Chloroform 
ltlI1-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 

U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



1B EPA SAMPLe NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

- Lab Name : ENVIROSYSTEMS, INC . 
Lab Code: ENVSYS Case No.: IT5 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.3(g/mt) G 

Level: (low/med) I O W  

% Moisture: not dec. 9 

GC Column: HP-VOC ID: 0.25 (mn) 

Soil Extract Volume : 

CAS NO. coMKlUND 

Contract: IT 

SAS No.: SDG No. : IT5 

Lab Sample ID: 00092619 

Lab File ID: H73FC943 

Date Received: 09/08/00 

Date Analyzed: 09/19/00 

Dilution Factor: 1.0 

Soil Aliquot Volume : (UL) 

C O N ~ T I O N  UNITS: 
(ug/L or ug/Kg) W/KG Q 

FORM I VCR-2 OLM04.2 

10061-02-6 
79-00-5 
127-18-4 
591-78-6 
124-48-1 
108-90-7 
100-41-4 

1330-20-7 
100-42-5 
75-25-2 
79-34-5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

trans-1,3-Dichloropropene 
1,1,2-Trichloroethe 
Tetrachloroethene 
2-Hexanone 
Dibromochloromethane 
Qilorobenzene 
Ethylbenzene 
Xylene (Total) 
Styrene 
Bromfom 
1,1,2,2-Tetrachloroethane 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



1F EPA SAMPLE NO. 
VOLATILE ORGANICS AMUlYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No. : IT5 SAS No. : SIX No. : IT5 

Matrix: (soil/water) SOIL Lab Sample ID: 00092619 

Sample wt/vol: 5.3 (g/mL) G Lab File ID: H73FC943 

Level: (low/med) LXlW Date Received: 09/08/00 

% Moisture: not dec. 9 Date Analyzed: 09/19/00 

G C C O ~ ~ :  HP-VOC ID: 0.25 (I~EII) Dilution Factor: 1.0 

Soil Extract Volume: (mL) Soil Aliquot Volume: (a) 

Number TICS found: 0 
C O N ~ T I O N  UNITS : 

(ug/L or ug/Kg) ug/w 

FORM I VOA-TIC 

CAS NUMBER 
=-'-----PPIII===L=== 

1. 
2 .  
3. 
4. 
5 .  
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

RT 
======== 

- 

COMPOUND NAME 
=L==P======I'=I======f='=I=E 

IL 

25. 
26. 
27. 
28. 
29. 
30. 

EST. CONC. 
============= 

Q 
3=339 

- 
- 
- 
- - - 

- - - - - - - - 
- 
- 
- - 



1A 
-Fc4hI, W Y  

EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

+- Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No. : IT5 SAS No. : S% No. : IT5 

~atrix: (soil/water) SOIL Lab Sample ID: 00092621 

sample wt/vol : 4.8 (g/mL) G Lab File ID: H73FC944 

Level: (low/med) LOW Date Received: 09/08/00 

% Moisture: not dec. 11 Date ~nalyzed: 09/19/00 

GCColumn: HP-VOC ID: 0.25 (rm) Dilution Factor: 1.0 

Soil Extract Volume : (mL) Soil Aliquot Volume: (UL) 

CONCENTRATION UNITS: 
CAS NO. COMFQUND (ug/L or ug/Kg) UG/KG Q 

..Q 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

74-87-3 
75-01-4 
74-83-9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34 -3 
156-59-2 
78-93-3 
67-66-3 
71-55-6 
5 6 - 2 3 - 5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 

Chlorornethane 
Vinyl Chloride 
Brommethane 
Chloroethane 
1,l-Dichloroethene 
Acetone 
Carbon Disulfide 
 ethylene Chloride 
trans-1,2-Dichloroethene 
1,l-Dichloroethane 
cis-1,2-Dichloroethene 
2-Butanone 
Chlor~foIT~ 
1, 1,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Brdichloromthane 
cis-1,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 



3** I, ~ @ 3  
1B EPA SAMPLE NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: ENVIROSYSTEMS, INC. 

Lab Code : ENVSYS Case No. : IT5 

Matrix: (soil/water) SOIL 

Sample wt/vol: 4.8 (g/mJJ) G 

Level: (low/med) LOW 

% Moisture: not dec. 11 

GC Colun~~: HP-VOC ID: 0.25 (m) 

Soil mtract Volume: (mJJ) 

CAS NO. COMPOUM3 

Contract: IT 

SAS No. : SDG No. : IT5 

Lab Sample ID: 00092621 

Lab File ID: H73FC944 

Date Received: 09/08/00 

Date Analyzed: 09/19/00 

Dilution Factor: 1.0 

Soil Aliquot Volume: (UL) 

CONCENTRATION UNITS : 
(ug/Lorug/Kg) =/KG Q 

FORM I VOA-2 

10061-02-6 
79-00-5 
127-18-4 
591-78-6 
124 -4 8- 1 
108 -90-7 
100-41-4 
1330-20-7 
100-42-5 
75-25-2 
79-34-5 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibrmchloromethane 
Chlorobenzene 
Ethylbenzene 
Xylene (Total) 
Styrene 
Bromform 
1,112,2-Tetrachloroethane 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U I 



I .  

1F 
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EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED X.?WOUNDS 

- Lab Name: ENVIROSYSm, INC. Contract: IT 

~,ab Code : ENVSYS Case No. : ITS SAS No. : SDG No. : IT5 

~trix: (soil/water) SOIL Lab Sample ID: 00092621 

Sample wt/vol: 4.8 (g /d)  G Lab File ID: H73FC944 

~evel: (low/naed) LOW Date Received: 09/08/00 

% Moisture: not dec. 11 Date Analyzed: 09/19/00 

GC Column : HP-VOC ID : 0.25 (m) Dilution Factor: 1.0 

Soil Ektract V o l m :  (mu 

Number TICS found: 0 

Soil Aliquot Volume: (uL) 

FORM I VOA-TIC 

C O N ~ T I O N  WITS : 
or ug/Kg) ug/Kg 



1 A  
f ; n h f , C p Q r  

EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. 

Lab Code : ENVSYS Case No. : IT5 

Matrix: (soil /water) SOIL 

Sample wt/vol: 4.3(g/niL) G 

Level : (low/med) L D W  

% Moisture: not dec. 11 

GCColumn: HP-VOC ID: 0.25 (mn) 

Soil Extract Volume : ( m u  

CAS NO. COMPOUND 

Contract: IT 

SAS No. : SDG No. : IT5 

Lab Sample ID: 00092622 

Lab File ID: H73FC945 

Date Received: 09/08/00 

Date Analyzed: 09/19/00 

Dilution Factor: 1.0 

Soil Aliquot Volume : (a) 

CONCENTRATION UNITS: 
(ug/L or ug/Kg) U G / E  Q 

FORM I VOA-1 

74-87-3 
75-01-4 
74-83-9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34-3 
156-59-2 
78-93-3 
67-66-3 
71-55-6 
56-23-5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
6 
7 

Chlorome t hane 
Vinyl Chloride 
Brmmethane 
Qlloroethane 
1,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
1, 1-Dichloroethane 
cis-1,2-Dichloroethene 
2-Butanone 
Chloroform 
1, 1,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bmmodichloromethane 
cis-l,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 

U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J l  
u 



18 EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. 

Lab Code: ENVSYS Case No. : ITS 

Matrix: (soil/water) SOIL 

sample wt/vol : 4 3 (g/mL) G 

m e 1  : (low/med) LOW 

% Moisture: not dec. 11 

GC Column: HP-VOC ID: 0.25 (mn) 

Soil Extract Volume: (mL) 

CAS NO. O U N D  

Contract: IT 

SAS No.: SDG No.: ITS 

Lab Sample ID: 00092622 

Lab File ID: H73FC945 

Date Received: 09/08/00 

Date Analyzed: 09/19/00 

Dilution Factor: 1.0 

Soil Aliquot Volume: (UL) 

CONCXNTRATION UNITS: 
(ug/Lorug/Q) =/KG Q 

FORM I VOA-2 

10061-02-6 
79-00-5 
127-18-4 
591-78-6 
124-48-1 
108-90-7 
100-41-4 

trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromchloromethane 
Chlorobenzene 
Ethylbenzene 

7 
7 
7 
7 
7 
7 

U 
u 
u 
u 
U 
u 

1330-20-7 Xylene (Total) 
7 u 
7 u 

100-42-5 Styrene 7 U 
75-25-2 Bromform 
79-34-5 1,1,2,2-Tetrachloroethane 

7 u 
7 u 



1F 
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EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code: ENVSYS Case No.: IT5 SAS No.: SIX No.: IT5 

Matrix: (soil/water) SOIL Lab Sample ID: 00092622 

Sample wt/vol: 4.3 (g/mL) G Lab File ID: H73FC945 

~evel: (low/med) W Date Received: 09/08/00 

% Moisture: not dec. 11 Date Analyzed: 09/19/00 

GC Column: HP-VOC ID: 0.25 (m) Dilution Factor: 1.0 

Soil Extract Volume: (a) 

Number TICS found: 0 

Soil Aliquot Volume: (UL) 

CONCENTRATION UNITS : 
(ug/L or ug/Kg) lJg/Kg 

FORM I VOA-TIC 

CAS NUMBER 
______U____-_-_-----  _____,-,,,,,,,,----- 

1. 
2. 
3. 
4. 
5. 
6. 
7 .  
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

COMPOUND NAME ............................ ............................ RT 
=====a== 

P 

P 

- 

- 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

EST. CONC. 
=====Zf===z== 

Q ----- 
- - 
- 
- - - - - - - 
- - 
- 
- - 
- 
- 



I I 

+d IK  Z, cs4Y 
1A EPA SAMPI-1E NO. 

VOLATILE ORGANICS ANALYSIS DATA SHEET 

- Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

Lab Code: ENVSYS CaseNo.: IT5 SAS No.: SDG No. : IT5 

~ t r i x :  (soil/water) SOIL Lab Sample ID: 00092623 

Sample wt/vol: 4.6(g/mL) G Lab File ID: H73FC946 

~evel : (low/med) mw Date Received: 09/08/00 

% Moisture: not dec. 11 Date Analyzed: 09/19/00 

GC column: HP-VOC ID: 0.25 (m) Dilution Factor: 1.0 

Soil Extract Volume : Soil Aliquot Volume: (a) 

CAS NO. COMmUND 
CONCENTRATION UNITS : 
(ug/Lorug/Kg) =/= Q 

FORM I VOA-1 

74-87-3 
75-01-4 
74-83-9 
75-00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34-3 
156-59-2 
78-93-3 
67-66-3 
71-55-6 
56-23-5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

Chlorome thane 
Vinyl Chloride 
Brommethane 
Chloroethane 
1,l-DicMoroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
1,l-Dichloroethane 
cis-1,2-Dichloroethene 
2-Butanone 
Chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromdichloromethane 
cis-1,3-DicMoropropene 
4-Methyl-2-Pentanone 
Toluene 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



1A 
+TC* r, WY 

EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: ENVIROSYSTEMS, INC. Contract: IT 

Lab Code : ENVSYS Case No. : IT5 SAS No. : SDG No.: IT5 

~atrix: (soil/water) SOIL Lab Sample ID: 00092628 

Sample wt/vol : 5.0(g/mt) G Lab File ID: H73FC947 

~evel: (low/med) LOW Date Received: 09/08/00 

% Moisture: not dec. 17 Date Analyzed: 09/19/00 

GCColumn: HP-VOC ID: 0.25 (m) Dilution Factor: 1.0 

Soil Extract Volume: (mL) 

CAS NO. COMPOUND 

Soil Aliquot Volume : (a) 

CONCENTRATION UNITS : 
(u~/L or ug/~g) UG/KG Q 

FORM I VOA-1 

74-87-3 
75-01-4 
74 - 83 - 9 
75-00-3 
75-35-41 
67-64-1 
75-15-0 
75-09-2 

156-60-5 
75-34-3 
156-59-2 
78-93-3 
67-66-3 
71-55-6 
56-23-5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

Chloromethane 
Vinyl Chloride 
Brommethane 
Chloroethane 
1,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
1,l-Dichloroethane 
cis-1,2-Dichloroethene 
2-Butanone 
Chloroform 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Benzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromodichloromethane 
cis-1,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



I Lab Name : ENVIROSYSTEMS, INC . Contract: IT 

Lab Code: ENVSYS Case No.: IT5 SAS No. : SDG No.: IT5 

Matrix: (soil/water) SOIL Lab Sample ID: 00092628 

Sample wt/vol: 5.0 (g/mL) G Lab File ID: H73FC947 

~ ~ v e l :  (low/med) m W  Date Received: 09/08/00 

% Moisture: not dec. 17 Date Analyzed: 09/19/00 

 column: HP-VOC ID: 0.25 (m) Dilution Factor: 1.0 

Soil Extract VO~UITI~: (mu Soil Aliquot Volume: (a) 

CAS NO. COMPOUND 
C O N ~ T I O N  UNITS : 
(ug/Lorug/Kg) UG/G Q 

FORM I VOA-2 OIM04.2 

(1 : ~ ' ! ~ 4 0  . . 

10061-02-6 
79-00-5 
127-18-4 
591-78-6 
124 -48-1 
108-90-7 
100-41-4 
1330-20-7 
100-42-5 
75-25-2 
79-34-5 

trans-l,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromxhloromethane 
Chlorobenzene 
Ethylbenzene 
Xylene (Total) 
Styrene 
B m m f o m  
1,1,2,2-TetracNoroethane 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

U 
U 
U 
U 
U 
U 
U 
U 
U - 
U 
U 



EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name : ENVIROSYSTEMS , INC. Contract: IT 

Lab Code: ENVSYS CaseNo.: ITS 

Matrix: (soil/water) SOIL 

Sample wt/vol: 5.0 (g/mt) G 

Level: (low/&) L O W  

% Moisture: not dec. 17 

GC Column: HP-VOC ID: 0.25 (m) 

Soil Extract Volume: (fi) 

Number TICS found: 0 

SAS No.: SIX No. : ITS 

Lab Sample ID: 00092628 

Lab File ID: H73FC947 

Date Received: 09/08/00 

Date Analyzed: 09/19/00 

Dilution Factor: 1.0 

Soil Aliquot Volume : (a) 
CONCENTRATION UNITS: 

(ug/L or ug/Kg) ug/% 

FORM I VOA-TIC 

CAS NUMBER 
========tPIPP==,=053P 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

COMPOUND NAME 
............................ 

RT 
=====3== 

- - 

- 
- - 
- - - - 
- 

- - 
- - 

22. 
23. 
24. 
25. 
26. 

- 

EST. CONC. 
=3===3======= 

27. 
28. 
29. 
30. 

Q 

- - 
- 
- - 
- 
- 

- - 

- 



LA EPA SAMPLlE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

A- 

m Name : EN'VIROSYSTEMS, INC. Contract: IT 

L a b  Code : ENVSYS Case No. : IT5 SAS No.: SDG No.: ITS 

Matrix: (soil/water) SOIL 

Sample wt/vol: 4.0 (g/mZ1) G 

Lab Sample ID: 00092629 

Lab File ID: H73FC948 

Level: (low/md) I D W  Date Received: 09/08/00 

% Moisture: not dec. 16 Date Analyzed: 09/19/00 

GC column: HP-VOC ID: 0.25 (mn) Dilution Factor: 1.0 

Soil Extract Volume: 

CAS NO. COMPOUND 

Soil Aliquot Volume : tuL) 

CONCElilTRATION UNITS : 
tug/L or ug/Kg) UG/E Q 

74-87-3 
75 - 01 -4 
74-83-9 
75 - 00-3 
75-35-4 
67-64-1 
75-15-0 
75-09-2 
156-60-5 
75-34-3 
156-59-2 
78-93-3 
67-66-3 
71-55-6 
56-23 - 5 
71-43-2 
107-06-2 
79-01-6 
78-87-5 
75-27-4 

10061-01-5 
108-10-1 
108-88-3 

Chloromethane 
Vinyl Chloride 
Browmethane 
Chloroethane 
1,l-Dichloroethene 
Acetone 
Carbon Disulfide 
Methylene Chloride 
trans-1,2-Dichloroethene 
I, 1-Dichloroethane 
cis-1,2-Dichloroethene 
2-Butanone 
Q l l 0 ~ f 0 ~  
l,l,l-Trichloroethane 
Carbon Tetrachloride 
~enzene 
1,2-Dichloroethane 
Trichloroethene 
1,2-Dichloropropane 
Bromdichloromethane 
cis-l,3-Dichloropropene 
4-Methyl-2-Pentanone 
Toluene 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

u 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



1B 
* I  1, Cepy 

EPA SAMPLE NO. 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

1 Lab Name : ENVIROSYSTEMS, INC. Contract: IT 

1 Lab Code : ENVSYS Case No. : ITS SAS No.: SDG No. : IT5 

mtrix: (soil/water) SOIL Lab Sarrrple ID: 00092629 

Sample wt/vol: 4.0 (g/mL) G Lab File ID: H73FC948 

/ kvel: (low/med) LOW Date Received: 09/08/00 

1 % Moisture: not dec. 16 Date Analyzed: 09/19/00 I 1 m~ol-: HP-VOC ID: 0.25 (mn) Dilution Factor: 1.0 

Soil Extract Volume : (MU 

CAS NO. COMPOUND 

Soil Aliquot Volume: (a) 

CONCENTRATION UNITS : 
(ug/~ or ug/~g) UG/KG Q 

10061-02-6 
79-00-5 
127-18-4 
591-78-6 
124-48-1 
108-90-7 
100-41-4 
1330-20-7 
100-42-5 
75-25-2 
79-34-5 

trans-1,3-Dichloropropene 
1,1,2-Trichloroethane 
Tetrachloroethene 
2-Hexanone 
Dibromchloromethane 
Chlorobenzene 
Ethylbenzene 
Xylene (Total) 
Styrene 
B r m f o m  
1,1,2,2-Tetrachloroethane 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

u 
u 
U 
u 
u 
U 
U 
U 
u 
U 
U I 



1F %*Id> EPASAMPLENO. 
VOLATILE ORGANICS ANALYSIS DATA SMEFT 

TENTATIVELY IDENTIFIED COMPOUNDS 

'- Lab Name : ENVIROSYSTEMS, INC. 

Lab Code : ENVSYS Case No. : ITS 

Matrix: (soil/water) SOIL 

Sample wt/vol : 4.0 (g/m~) G 

Level: (low/med) LOW 

% Moisture: not dec. 16 

GCColumn: HP-WC ID: 0.25 (mn) 

Soil Extract Volume: (mL 

Number TICS found: 0 

Contract: IT 

SAS No.: SDG No.: IT5 

Lab Sample ID: 00092629 

Lab File ID: H73FC948 

Date Received: 09/08/00 

Date Analyzed: 09/19/00 

Dilution Factor: 1.0 

Soil Aliquot Volume: (a) 
CONCENI'FATION UNITS : 

(ug/L or ug/Kg) ug/Kg 

FORM I VOA-TIC OIM04.2 

CAS NUMBER ____-_------ ___ ___________------ 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

COMPOUND NAME ............................ ---------------------------- RT -------- -------- EST. CONC. _-_-_________ _-___-^______ 

Q _____  _____ 
- - - - - 

- 
- - 
- - - - - 
- - - - 

- 



MEMORANDUM 

TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - Semivolatiles 
Envirosystems Lab, SDG IT2 

DATE: November 27, 2000 

The purpose of this memorandum is to present the data validation report for the samples 
collected at the Radford Army Ammunition Plant during the August 29-30, 2000 sampling events. 
Samples were analyzed for semivolatile organic compounds (SVOCs) using USEPA SOW 
method OLM 04.2 (May 1999). A total of eight soil samples were validated. The sample IDS are: 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP and the Innovative Approaches to Data Validation for USEPA Region 111 
(June 1995.). Parameters evaluated under data validation procedure Level M3 are presented in 
Table 1. Data associated with parameters in compliance with quality control specifications have 
not been qualified. Data associated with parameters that did not comply with quality control 
specifications and directly impacted project data have been qualified in accordance with USEPA 
Region Ill specifications. 

Table 1. Laboratory Performance Criteria 

Holding Times 
I 

----- 
lns t rhent  Performance Check 4 

I 1 X ' Initial Calibration 
. -- - 

h ~ / . ~ ~ i n u i n a  Calibration 
/ X I / Blank Analysis 

,---- 
I 

i I x i ~ur roaate  S ~ i k e s  I 
1 -- I X -c---. i Matrix .- SpiketMatrix .--.--.------ Spike D u p l i c a t e 4  -- - 

1 j X / Internal Standards 1 
' X I  I Quantitation Verification I i L ...,..II__- 

The quality of data collected in support of this sampling activity is considered acceptable with the 
noted qualifications. 

cc: Eric Malarek 
Project File 



RADFORD ARMY AMMUNITION PLANT 
VALIDATION REPORT 

SEMIVOLATILES REVIEW 
SDG IT2 

I-Holding Times 
Form I 
The objective is to ascertain the validity of results based on the holding time of the sample from 
time of collection to time of sample extraction and analysis. Holding time criteria: For semivolatile 
compounds in cooled (@4"C + 2°C) soil samples, the maximum holding time is 14 days from 
sample collection to extraction and 40 days from extraction to analysis. 

All criteria were met and no qualifiers were applied. 

Il-Instrument Performance Check 
Form V and chromatograms. 
GUMS instrument performance checks are performed to ensure mass resolution, identification 
and, to some degree, sensitivity. The analysis of the instrument performance check solution must 
be performed at the beginning of each 12-hour period during which samples are analyzed. 

The instrument performance check, decafluorotriphenylphosphine (DFTPP), met the ion 
abundance criteria. No qualification was applied. 

Ill-Initial Calibration 
Form VI and chromatograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used is capable of producing acceptable qualitative and quantitative data for 

,*-- compounds on the semivolatile target compound list (TCL). Initial calibration demonstrates that 
the instrument is capable of acceptable performance in the beginning of the analytical run and of 
producing a linear calibration curve. Mlnimum relative response factor (RRF) cr~teria must be 2 
0.05. Initial calibration percent relative standard deviation (%RSD) must be 2 15% on the average 
for all compounds (< 30% for CCCs). 

For initial calibration performed on 09/01/00 on instrument HP73G, 2,4-Dinitrophenol (26.0%) 
and 4,6-Dinitro-2-methylphenol (21.0%) were above the control limit. Since these compounds 
were non-detects in all the samples, no qualifiers were applied based on these outliers. 

IV-Continuing Calibration 
Form VII and chromatograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used was capable of producing acceptable qualitative and quantitative data for 
semivolatile target compounds. Continuing calibration standards containing both target and 
surrogates compounds are analyzed at the beginning of each 12-hour analysis period following 
the analysis of the instrument performance check and prior to the analysis of blanks and samples. 
The minimum relative response factors (RRF) for semivolatile target compounds and surrogates 
must be 2 0.05. The percent difference (%D) between the initial calibration RRF and the 
continuing calibration RRF must be within + 20% for all target compounds. 



IV-Continuing Calibration (Cont.) 

For continuing calibration performed on 09/12/00 @09:17 on instrument HP73G, compounds 
2,2'-oxybis [ l  -Chloropropane] (22.6%), 2-nitroaniline (24.1%), 2,6-Dinitrotlouene (24.6%), 4,6- 
Dinitro-2-methylphenol (39.3%), Carbazole (20.5%), Butylbenzylphthalate (28.3%), bis(2- 
Ethylhexy1)phthalate (36.0%) and Di-n-octylphthalate (43.3%) were outside of the control 
limits. Positive values for these compounds were qualified as estimated, "J" and non-detects 
had no qualifiers applied. 

For continuing calibration performed on 09/12/00 @09:17 on instrument HP73G, compound 
2,4-Dinitrophenol (53.0%) was grossly above the control limit. Positive values for this 
compound were qualified as estimated, "J" and non-detects "UJ". 

For continuing calibration performed on 0911 3/00 @ 14:37 on instrument HP73G, compounds 
2-Nitrophenol (22.2%), 2,6-Dinitrotoluene (24.1°/~), Di-n-butylphthalate (27.4%) and 
Butylbenzylphthalate (37.3%) were above the control limit. Positive values for these 
compounds were qualified as estimated, "J" and non-detects had no qualifiers applied. 

For continuing calibration performed on 0911 3/00 @ 14:37 on instrument HP73G, compounds 
bis(2-Ethylhexy1)phthalate (50.1%) and Di-n-octylphthalate (62.4%) were grossly above the 
control limit. Positive values for these compounds were qualified as estimated, "J" and non- 
detects "UJ". 

For continuing calibration performed on 0911 4/00 @ 17:06 on instrument HP73G, compounds 
2, 2' - oxybis (1-Chloropropane) (27.g0/0), N-Nitroso-di-n-propylamine (21 .I%), 2-Nitrophenol 
(23.1 Oh), 2-Methylnaphthalene (25.3%), 2,6-Dinitrotoluene (25.0°h), 2,4-Dinitrophenol (35.1 Oh) 
and 4-Nitrophenol (25.2%), Di-n-butylphthalate (29.6%), Butylbenzylphthalate (39.2%), bis(2- 
Ethylhexy1)phthalate (57.1%) and Di-n-octylphthalate (73.8%) were outside of the control 
limits. Since the samples were quantitated off a previous continuing calibration, no qualifiers 
were applied based on these outliers. 

For continuing calibration performed on 09/15/00 @07:59 on instrument HP73G, compounds 
2-Methylnaphthalene (21.3%), Hexachlorocyclopentadiene (25.2%), 2,6-Dinitrotoluene 
(27.2%), 2,4-Dinitrophenol (50.0%), 4,6-Dinitro-2-methylphenol (23.l0/0), Di-n-butylphthalate 
(30.3%), Butylbenzylphthalate (37.g0lO), bis (2-Ethylhexy1)phthalate (52.7%), and Di-n- 
octylphthalate (77.8%) were above the control limit. Since the samples were quantitated off a 
previous continuing calibration, no qualifiers were applied based on these outliers. 

V-Blank Analysis 
Form I,  I V  and chromatograms 
The purpose of blank analyses is to determine the presence and magnitude of contamination 
problems resulting from field and laboratory activities. The criteria for evaluation of blanks apply to 
any blank associated with the samples. The method blank must be analyzed on each GCIMS 
system used to analyze that specific group or set of samples. No contaminants should be 
detected in any of the associated blanks. Positive sample results are reported and qualified "B", if 
the concentration of the compound in the sample is r 10 times (10X) the maximum amount in any 
blank for the common phthalate contaminants, or 5 times the maximum amount for the other 
compounds. The associated rinse blank is sample number 082800R1. Table 2 summarizes the 
blank contamination analysis. 



TABLE 2. BLANK CONTAMINATION SUMMARY. 

VI-Surrogate Spikes 
Form I1 and chromatograms. 
Laboratory performance on individual samples is evaluated through the review of surrogate spike 
samples. Surrogate spikes are added to all samples and blanks to measure their recovery in 
sample and blank matrices. 

Compound 1 Blank Sample # 
Di-n-butylphthalate / 

082800R1 
Diethylphthalate / SBLK02 

Bis(2-Ethylhexy1)phthalate / 
SBLK02 

All criteria were met. No qualifiers were applied. 

VII-Matrix Spikeispike Duplicate 
Form 111 and chromatograms. 
MSIMSD are generated to determine long-term precision and accuracy of the analytical method 
on various matrices and to demonstrate acceptable compound recovery by the laboratory at the 
time of sample analysis. Specific criteria include the analyses of matrix spike and matrix spike 
duplicate samples at a frequency of one MS and MSD per 20 samples of similar matrix. MS and 
MSD recoveries and Relative Percent Differences between MS and MSD recoveries should be 
within the specified limits. 

1 OX Max. conc. pglkg 
660 

780 
5 700 

"*rr 

Sample NRUC1B (00092519) was used for the MSIMSD analyses. All criteria were met and 
no qualifiers were applied. 

Samples Affected 
All except NRUW1A 

NRUClA, NRUW1A 
NRUC1 A, NRULlC, NRUL1 A, 

NRUW1 A, 

VIII-Internal Standards 
Form Vlll and chromatograms. 
Internal standards performance criteria ensure that GCIMS sensitivity and response are stable 
during every analytical run. Internal standard area counts for samples and blanks must not vary by 
more than a factor of two (- 50% to + 100%) from the associated calibration standard. The 
retention time of the internal standards in samples and blanks must not vary by more than k 30 
seconds from the retention time of the associated calibration standard. Positive results for 
compounds quantitated using internal standards outside of control criteria should be qualified as 
estimated "J" and non-detects as "UJ". 

All criteria were met for all target compounds. No qualifiers were applied. 

IX-Quantitation Verification 
Form 1, and chromatograms 
The accuracy of analytical results was verified through the calculation of several parameters. Any 
target compound below the RL and above the MDL is reported as estimated "J". Any value in 
excess of the upper level of the calibration range was qualified as estimated "J". Tentatively 
Identified Compounds were also qualified as estimated, "J". 



IX-Quantitation Verification (Cont.) 

Sample: NRUClA (00092518), Diethylphthalate . 

Conc. (pglkg) =Ax * Is Vt DF I Ais RRF * Ws Fs Vi 

where: 
Ax is the compound area 
Is is the amount of standard injected (ng) 
Vt is the volume of total extract (pL) 
DF is the dilution factor 
Ais is the corresponding internal standard area 
RRF is the Relative Response Factor from the continuing calibration std. 
Vi is the volume of extract injected (pL) 
Ws is the initial weight (gm) 
Fs is the fraction of solid 

Conc. pglkg = 41 690'40 ng*1000 pL*1/296008*1.196*30 gm*0.86*2 pL = 91 nglg = 91 pglkg 

Reported Value = 91 pglkg 
Oh Difference = % 
Values were within 10% difference. 



I I 

TaKR + CDPY 
1C EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALIYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT2 
4- 

Lab Code : ENVSYS Case No. : IT2 SAS No. : SDG No.: IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092518 

Sample wt/vol: 30.0 (g/rnL) G Lab File ID: H73GC155 

wvel: (low/&) LOW Date Received: 09/01/00 

% Moisture: 14 Decanted : (Y/N) N Date Extracted: 09/08/00 

Concentrated Extract V o l m :  1000 (UL) Date Analyzed: 09/12/00 

Injection Volume : 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.0 Extract ion : (Type) SONC 

CAS NO. CmFJOUND 
CONCENTRATION UNITS: 
(ug/L or ug/W) UG/KG 

FORM I m - 1  om04 .2 

108-95-2 
111-44 -4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74 -4 

131-11 -3 
606-20-2 
208-96-8 
99-09-2 
83 - 32 - 9 
51-28-5 
100-02-7 
132 - 64 -9 
121-14-2 

Phenol 
bis (2 -Chloroethyl) Ether 
2-Chlorophenol 
2-Methylphenol 
2,2'-mis(1-Chloropropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichloropheml 
Naphthalene 
4-Chloroaniline 
bis (2 -Chloroethoxy) mthane 
Hexachlorobutadiene 
4-Chloro-3-mthylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophend 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2 -Nitroaniline 
Dimthylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3 -Nitroaniline 
Acenaphthene 
2,4-Dinitmphenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 

380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
1900 
380 
770 
380 
380 
770 
380 
380 
380 
380 
380 
1900 
380 
380 
380 
1900 
380 
380 
1900 
380 
380 

U 
U 
U 
U 
U 
u 
U 
U 
U 
u 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U G  
U 
U 
U 



1D EPA SNWCZ NO. 
SEMIVOLATIU ORGANICS ANALYSIS DATA SHEFT 

Lab Name: ENVIROSYSTEMS, INC. Contract: IT2 

Lab Code: ENVSYS Case No.: IT2 SAS No. : SDG No.: IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092518 

sample wt/vol: 30.0(g/mL) G Lab File ID: H73GC155 

Level: (low/med) LOW Date Received: 09/01/00 

% Moisture: 14 Decanted : (Y/N) N Date Extracted: 09/08/00 

Concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/12/00 

Inj ection Volume : 2.0(uL) Dilution Factor: 1.0 

GPCCleanup: (Y/N) N pH: 6.0 Extrac t ion : (Type) SONC 

CAS NO. CoMFOUND 

FORM I SV-2 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86-30-6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 
85-68-7 
91-94-1 
56-55-3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53 -70-3 
191-24-2 
541-73-1 
106-46-7 
95 -50 - 1 
120-82-1 

Diethylphthalate 
Fluorene 
4-Chlorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-~mphenyl-phenyletEer 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Flwranthene 
~yrene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 
bis (2-Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)flwranthene 
Benzo (a) pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo (a, h) anthracene 
~enzo (g, h, i) perylene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2 -Dichlombenzene 
1,2,4-Trichlorbenzene 

91 
380 
380 
1900 
190 
380 
380 
380 
1900 
380 
380 
380 
61 
380 
380 
380 
770 
380 
380 
62 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 

P*a 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J=& 
U 
U 
U 
U 
U 
U 
J Z ~  
U U ~  
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



+ma i, i w r  
1G EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: ENVIROSYSTEW, INC. Contract: IT2 

Lab Code: ENVSYS Case No.: IT2 SAS No. : SDG No.: IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092518 

Sample wt/vol : 30.0 (g/rnL) G Lab File ID: H73GC155 

Level: (low/&) L O W  Date Received: 09/01/00 

% Moisture: 14 Decanted: (Y/N) N Date Bctracted:09/08/00 

Concentrated Extract V o l m :  1000 (uL) Date Analyzed: 09/12/00 

Inj ect ion Volume : 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup : (Y/N) N pH: 6.0 Ektraction: (Type) SONC 

Number TICS found: 29 (I 

CAS NUMBER coMFoUND NAME 
............................ 
UNKNOWN 
1,4-METHANO-1H-INDENE, OCTAH 
UNXNom 
UNKNOWN 
THUJOPSENE 
UNKNOWN 
PHOSPHONIC ACID, DIOCTADEXYL 
9-OCTADECENAMIDE, (2) - 
UNKNOWN 

OCTADECANOIC ACID 
PHOSPHONIC ACID. DIOCTADECYL 
2-P-OL; 4Bf5,6,7,8, 
2-P-OL, 4B15,6,7,8, 
UNKNOWN 
UNKNOWN 
PHOSPHONIC ACID, DIOCADECYI; 
UNKNOWN 
9 (1H) -P-ONE, 2,3,4, 
IJN-KNOm 
UNKNOWN 
9-OCI!ADECENAMIDE, (Z) - 

lJNKNoWN 
OLEAN-12-EN-1-ONE, 3-HYDROXY 
UNKNOWN 
.GAMMA. -SIToSTEROL 

DNCJENTRATION UNITS: 
1g/L or ug/Kg) ug/w 

EST. CONC. ---------- ----------a== 

140 
140 
500 
110 
290 
210 
9 6 

FORM I SV-TIC OUI04.2 



1C EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEW, INC. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: SDG NO.: I= 

Matrix: (soil/water) SOIL Lab Sample ID: 00092519 

Sample wt/vol : 3O.O(g/mt) G Lab File ID: H73GC156 

Level: (low/med) LOW Date Received: 09/01/00 

% Moisture: 23 Decanted : (Y/N) N Date Extracted: 09/08/00 

concentrated Esrtract Volume: 1000 (S) Date Analyzed: 09/12/00 

Injection Volume : 2.0(5) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 8.2 Extraction: (Type) SONC 

CAS NO. COMEQUND 

pnenol 
bis (2 -Chloroethyl) Ether 
2 -Chlompheml 
2 -Me thylphenol 
2,2 -oxybis (1 -Chloropropane) 
4 -Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4 -Chloroaniline 
bis (2 -Chloroethoxy) methane 
Hexachlorobut adiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
~exachlorocyclopentadiene 
2,4,6-Trichlorophed 
2,4,5-Trichlorophenol 
2 -Chloronaphthalene 
2 -Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3 -Nitroaniline 
Acenaphthene 
2,4 -Dini t rophenol 
4-Nitrophenol 
Dibenzof wan 
2,4-Dinitrotoluene 

C O N ~ T I O N  UNITS : 
(ug/L or ug/I(g) Q 

FORM I SV-1 



1D EPA SAMPLe NO. 
SmIWLATILE ORGANICS ANALYSIS DATA SHEET 

- Lab Name : ENVIROSYSTEMS, INC. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No. : SDG No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092519 

sample wt/vol: 30.0(g/mL1) G Lab File ID: H73GC156 

~evel : (low/med) LXlW Date Received: og/01/00 

% Moisture: 23 Decanted : (Y/N) N Date Extracted: 09/08/00 

concentrated Extract Volume: 1000 (UL) Date Analyzed: 09/12/00 

Injection VolWW: 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 8.2 Extraction : (Type) SONC 

FORM I SV-2 OW04.2 

CON-TION UNITS : 
CAS NO. ~MF'OUND ( W L  or ug/~g) UG/KG Q 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86-30-6 
101-55-3 
118-74-1 
87 - 86 - 5 
85-01-8 
120-12-7 
86-74-8 
84-74-2 

206-44-0 
129-00-0 
85-68-7 
91-94-1 
56-55-3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
191-24-2 
54 1 - 73 - 1 
106-46-7 
95 -50 - 1 
12 0 -82 -1 

Diethylphthalate 
Flwrene 
4-Chlorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-Bromphenyl-phenyletEer 
Hexachlorobenzene 
~entachlorophenol 
Phenanthrene 
Anthracene 
~arbazole 
Di-n-butylphthalate 
Flwranthene 
~yrene 
~utylbenzylphthalate 
3,31-Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 
bis (2 -Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a)pyrene 
Indeno(l,2,3-cd)we 
Dibenzo(a,h)anthracene 
~enzo (g, h, i) perylene 
1,3 -Dichlorobenzene 
1,4-Dichlorobenzene 
1,2 -Dichlorobenzene 
1,2,4 -Trichlorbenzene 

430 
430 
430 
2100 
210 
430 
430 
430 
2100 
430 
430 
430 
67 
430 
430 
430 
860 
430 
430 
430 
430 
430 
430 
430 
430 
430 
430 
430 
430 
430 
430 

U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
J 
U 
U 
U 
U 
U 
U 
u ur 
U UT 
U 
U 
u 
U 
U 
u 
U 
U 
U 
U 



+ah I, w y  
1G EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEEX 
TENTATIVELY IDENTIFIED COMFOUNDS 

Lab Name: ENVIROSYSTEMS, INC. Contract: IT2 

Lab Code : W S Y S  Case No. : IT2 SAS No.: SDG No. : IT2 

Matrix: (aoil/water) SOIL Lab Sample ID: 00092519 

Sample wt/vol : 30.0 (g/mL) G Lab File ID: H73GC156 

Level: (low/md) LX>W Date Received: 09/01/00 

% Moisture: 23 Decanted: (Y/N) N Date E~tracted:09/08/00 

Concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/12/00 

Inj ection Volur~ : 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup : (Y/N) N PH: 8.2 Extraction: (~ype)  SONC 

Number TICS found: 4 
CONCEWIRATION UNITS: 

(ug/L or ug/KEl) ug/KEl 

FORM I SV-TIC OLM04.2 

CAS NUMBER 
==================== 
1. 
2. 
3. 74685-29-3 
4. 301-02-0 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

RT 
====1=3= 

20.95 
22.60 
25.56 
27.71 

mMEOUND NAME 
=====PI====D=====P====ZP=P== 

UNKNOWN 
lJNKNOwN 
9-EICOSENE, (E) - 
9-OCTADECENAMIDE, ( 2 )  - 

EST. CONC. 
p============ 

270 
140 
210 
250 

Q ----- 
J X  
J Y' 
NJ J 
NJJ 



f k k ~ ,  C o p y  
1C EPA SAMPLE NO. 

SEMIVOLATILE OFGANICS ANALYSIS LlATA SHEFT 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: SDG No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092520 

Sample wt/vol : 30.O(g/a) G Lab File ID: H73GC160 

~evel: (low/&) mw Date Received: 09/01/00 

% Moisture: 19 Decanted : (Y/N) N Date Extracted: 09/08/00 

concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/12/00 

Injection Volume: 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: WIN) N pH: 6.4 Extract ion : (~ype) SONC 

CAS NO. (2cnwQUND 

FORM I SV-1 

!ONCENTR?iTION UNITS: 
:ug/L or ug/w) UG/KG Q 

108-95-2 
111-44-4 
95-57-8 
95-48-7 

108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 

410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
2000 
410 
810 
410 

Phenol 
bis (2-Chloroethyl) ~ther 
2-Chlorophenol 
2-Methylphenol 
2,2'-oxybis(1-Chlompropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4-Chloroaniline 
bis(2-Chloroethoxy)methane 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 

87-68-3 Hexachlorobutadiene 
59-50-7 4-Chloro-3-methylphenol 
91-57-6 2-Methylnaphthalene 
77-47-4 He~a~hl~rocyclopentadiene 
88-06-2 21416-Trichlorophenol 
95-95-4 2,4,5-Trichlorophenol 
91-58-7 2-Chloronaphthalene 
88-74-4 2-Nitroaniline 
131-11-3 Dimethylphthalate 
606-20-2 2,6-Dinitrotoluene 
208-96-8 Acenaphthylene 
99-09-2 3-Nitroaniline 
83-32-9 Acenaphthene 
51-28-5 2,4-Dinitrophenol 
100-02-7 4-Nitrophenol 
132-64-9 Dibenzofuran 
121-14-2 2,4-Dinitrotoluene 



TQk'n A, w y  

ID EPA SAMPLE NO. 
SEMIVOLATILe ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No. : SDG No. : IT2 

wtrix: (soil/water) SOIL Lab Sample ID: 00092520 

Sample wt/vol : 30.0(g/mL) G Lab File ID: H73GC160 

~evel: (low/med) IXlW Date Received: 09/01/00 

% Moisture: 19 Decanted : (Y/N) N Date Extracted: 09/08/00 

Concentrated Extract Volume : 1000 (UL) Date Analyzed: 09/12/00 

Injection V o l m  : 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.4 Extraction: (Type) SONC 

CONCENTF!ATION UNITS: 
CAS NO. CQMPOUND (ug/Lorug/Q) Q 

PYrene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 
bis (2-Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo (b) f luoranthene 
~enzo (k) f luoranthene 
Benzo (a) pyrene 
Indeno (l,2, 3 -cd) pyrene 
Dibenzo (a, h) anthracene 
Benzo (g , h, i ) perylene 
1,3 -Dichlorobenzene 
1,4 -Dichlorobenzene 
1,2-Dichlorobenzene 
1,2,4 -Trichlorbenzene 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86-3 0- 6 
101-55-3 
118-74-1 
87-86-5 
8 5 - 0 1 - 8 
120-12-7 
86-74-8 
84-74-2 
206-44-0 

Diethylphthalate 
FluoreIle 
4-Chlorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylarnine (1) 
4-Bmphenyl-phenylethr 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 



1G 6PA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMWUNDS 

4% 

Lab Name: ENVIROSYSTEMS, INC. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: SIX3 No. : IT2 

Matrix: (soil /water) SOIL Lab Sample ID: 00092520 

Sample wt/vol : 30.0 (g/mL) G Lab File ID: H73GC160 

~evel: (low/med) L O W  Date Received: 09/01/00 

% Moisture: 19 Decanted: (Y/N) N Date Extracted: 09/08/00 

Concentrated Extract Volunre : 1000 (uL) Date Analyzed: 09/12/00 

Inject ion Volume : 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.4 Extraction: (Type) SQNC 

Number TICS found: 4 
CONCEWITATION UNITS: 

bg/L or ug/Kg) ug/Kg 

FORM I SV-TIC 

CAS NUMBER cxxlFoUM3 NAME RT EST. E N C .  Q 
----=====pp=PIII=IIP = = P = P 3 = = 3 = P P I = ' P = = = = =  ======== =='====I====' ==p== 

1. 57-10-3 N-HEXADECANOIC ACID 20.95 220 NJ J 
2. 19047-85-9 PHOSPHQNIC ACID, DIOCTADECYL 25.56 220 NJ 3' 
3. UNKNOWN 27.71 250 J T 
4. UNKNOWN 29.87 120 J T 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30, 

- 
- - 
- - 
- - - 
- - - 
- 



1C EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: SDG No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092521 

Sample wt/vol: 30.0 (g/m~) G Lab File ID: H73GC161 

-el: (low/naed) LOW Date Received: 09/01/00 

% Moisture: 9 Decanted : (Y /N) N Date Extracted: 09/08/00 

concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/12/00 

Injection Volume : 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.8 Extraction : (Type) S a c  

CONCENTRATION UNITS: 
CAS No. COMEmND (W/L or W/Q) UG/KG Q 

108-95-2 
111-44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
87 - 68 - 3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131 -11-3 
606-20-2 
208-96-8 
99-09-2 
8 3 - 3 2 - 9 
51-28-5 
100-02-7 
132 -64-9 
121-14-2 

360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
1800 
360 
730 
360 
360 
730 
360 
360 
360 
360 
360 
1800 
360 
360 
360 
1800 
360 
360 
1800 
360 
360 

Phenol 
bis (2-Chloroethyl) Ether 
2-Chlomphen01 
2-Methylphenol 
2 I 2 ' -oxybis (1-Chloropropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlomphenol 
Naphthalene 
4-Chloroaniline 
bis (2-Chloroethoxy) methane 
Hexachlorobutadiene 
4-Chlor0-3-methylphenol 
2-Methylnaphthalene 
Hexachlomcyclopentadiene 
2r4~6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 

u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U U ~  
u 
U 
U 



m I 

-f 'd~hZ, cw-f 
1D EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEFT 

1* Lab N a m  : ENVIROSYSTEMS , mc. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: . SDG No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092521 

Sample wt/vol: 30.0(g/niL) G Lab File ID: H73GC161 

~evel: (low/med) mw Date Received: 09/01/00 

% Moisture: 9 Decanted : (Y/N) N Date Ektracted: 09/08/00 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 09/12/00 

Injection VoluuW: 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.8 Extraction: (Type) SONC 

mCENTRATION UNITS: 
CAS NO. ~ U N D  (ug/L or ug/Kg) UG/KG Q 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86-30-6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120- 12 -7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 
85-68-7 
91 - 94 - 1 
56-55-3 
218-01-9 
117-81 -7 
117-84-0 
205-99-2 
207-08 -9 
50-32-8 
193-39-5 
53 -70 -3 
191-24-2 
541-73-1 
106-46-7 
95-50-1 
120-82-1 

360 
360 
360 
1800 
180 
360 
360 
360 
1800 
360 
360 
360 
69 
360 
360 
360 
730 
360 
360 
1700 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 

Diethylphthalate 
F l u o m  
4-Chlorophenyl-phenylether 
4-Nitroaniline 
416-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-Bromophenyl-phenyle6er 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
m e n e  
Butylbenzylphthalate 
3,3 -Dichlorobenzidine 
~enzo(a)anthracene 
-sene 
bis (2-Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo (b) fluoranthene 
Benzo (k) f luoranthene 
Benzo(a)pyrene 
Indeno (112,3-cd)pyrene 
Dibenzo (a, h) anthracene 
~enzo(g,h,i)perylene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
1,2,4-Trichlorbenzene 

U 
U 
U 
U 
U 
U 
U 
U 
u 
u 
U 
U 
~ 2 %  
U 
u 
U 
U 
U 
u 
3 8 
UUs 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



1G EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

~ a b  Name : ENVIROSYSTEMS, INC. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: SIX3 No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092521 

sample wt/vol : 30.0 (g/mC) G Lab File ID: H73GC161 

Level: (low/med) Lk3W Date Received: 09/01/00 

% Moisture: 9 Decanted: (Y/N) N Date Ektracted:09/08/00 

concentrated Extract Volume : 1000 (a) Date Analyzed: 09/12/00 

Injection Volume : 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup : (Y/N) N pH: 6.8 Extraction : (Type) SONC 

Number TICS found: 28 
C O N ~ T I O N  UNITS : 
(ug/L or ug/Kg) ug/KEl 

FORM I SV-TIC 

CAS NUMBER 
====------~=s=P==3== 

1. 7785-70-8 
2. 
3. 
4. 
5. 
6. 60-33-3 
7. 
8. 57-11-4 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 7390-81-0 
17. 
18. 19047-85-9 
19. 
20. 301-02-0 
21. 7098-21-7 
22. 
23. 
24. 
25. 
26. 
27. 
28. 83-47-6 
29. 
30. 

RT 
111=1=31 

7.12 
13.86 
15.01 
19.20 
21.39 
22.56 
22.60 
22.81 
23.23 
23.49 
23.57 
23.88 
24.22 
24.55 
24.94 
25.07 
25.48 
25.56 
27.10 
27.73 
27.82 
28.07 
28.10 
29.80 
29.89 
31.13 
31.22 
31.35 

COMPOUND NAME 
............................ 

1R-.ALPHA.-PINENE 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
9,12-CCTADECADIENOIC ACID (Z 
TJNmOWN 
OCTADECANOIC ACID 
UNKNOWN 
UNXNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
OXIRANE , HEXADECYL- 
UNKNOWN 
PHOSPHONIC ACID, DIOCTADECYL 
UNXTSfOWN 
9-OCTADECENAMIDE, (Z)- 
TRITETRACONTANE 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
.GAMMA.-SITOSTEROL 

EST. CONC. 
=========---- 

210 
150 
110 
240 
90 
97 
160 
250 
110 
98 
180 
95 
200 
130 
150 
110 
84 
370 
370 
210 
100 
94 
160 
110 
1300 
100 
160 
760 

Q 
=I=== 
NJ 3 
J 
J T 
J T 
J T 
NJT 
J P 
NJT 
J 3. 
J 7 
J P 
J 3 
J 3 
J r 
J 1 
N J ~  
J 3 
NJY' 
J r 
NJ 3 
NJ f 
J 
J T 
J 3' 
J 3 
J 3 
J 3 
NJT 



k k \  I. CaPy 
1C EPA SAMPLe NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEZT 

- ~ a b  N- : ENVIROSYSTEMS, INC. Contract: IT2 

~ a b  Code : ENVSYS Case No. : IT2 SAS No.: SDG NO. : I= 

Matrix: (soil/water) SOIL Lab Sample ID: 00092522 

Sample wt/vol: 30.0(g/niL) G Lab File ID : H73GC174 

~evel: (low/&) mw Date Received: 09/01/00 

% Moisture: 16 Decanted : (Y/N) N Date mracted: 09/08/00 

Concentrated Extract Volume: 1000 (a) Date Analyzed: 09/13/00 

Injection Volume : 2.O(uL) Dilution Factor: 1.0 

 leanup: up: (Y/N) N pH: 5.9 Detraction: (Type) SONC 

FORM I SV-1 

CONCENTRATION UNITS: 
CAS NO. ~ ~ I ~ U N D  (ug/L or ug/Kg) =/KG Q 

108-95-2 
111-44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67- 72 - 1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47 -8 
111-91-1 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83 -32 - 9 
51-28-5 
100-02-7 
13 2 - 64 - 9 
121-14-2 

390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
1900 
390 
790 
390 
390 
790 
390 
390 
390 
390 
390 
1900 
390 
390 
390 
1900 
390 
390 
1900 
390 
390 

Phenol 
bis (2-Chloroethyl) Ether 
2-Chlor0phen01 
2-Methylphenol 
2,2 ' -0xybis (1-Chloropropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4 -Chloroaniline 
bis (2 -Chloroethoxy) methane 
Hexachlorobutadiene 
4-Chloro-3-11~thylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2/41 6-Trichlorophenol 
2,4,5-Tri~hl0r0ph~ 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
216-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acemphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U U ~  
U 
U 
U 



ID EPA sir&= NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

~ a b  N- : ENVIROSYSTEMS, INC. Contract : IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: SDG No. : IT2 

~atrix: (soil/water) SOIL Lab Sample ID: 00092522 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: H73GC174 

~evel: (low/&) Date Received: 09/01/00 

% ~oisture: 16 Decanted : (Y/N) N Date Extracted: 09/08/00 

concentrated Extract Volume : 1000 (UL) Date Analyzed: 09/13/00 

Injection Volume : 2.0(UL) Dilution Factor: 1.0 

GPCCleanup: (Y/N) N pH: 5.9 Extract ion : (~ype) SONC 

CAS NO. COMPOUND 
CONCENTRATION UNITS : 
(ug/L or ug/Kg) UG/G Q 

FORM I SV-2 

84 -66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86 -3 0 -6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 
85-68-7 
91-94-1 
56-55-3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
191-24-2 
54 1 - 73 - 1 
106-46-7 
95 -50 -1 
120-82-1 

Diethylphthalate 
Fluorene 
4-Qllorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-Bromphenyl-phenyletEer 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo (a) anthracene 
Qlrysene 
bis (2-Ethylhexy1)phthalate 
Di-n-octylphthalate 
Benzo (b) f luoranthene 
Benzo(k) fluoranthene 
Benzo(a)pyrene 
Indeno (l,2,3-cdlpyrene 
Dibenzo(a,h)anthracene 
Ben20 (g, h, i) perylene 
1 , 3 -Dichlorobenzene 
1,4-Dichlorobenzene 
1,2 -Dichlorobenzene 
1,2,4-Trichlorbenzene 

390 
390 
390 
1900 
190 
390 
390 
390 
1900 
390 
390 
390 
70 
390 
390 
390 
790 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 

U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
J2f6 
U 
U 
U 
U 
U 
u 
u f l  
U ~7 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



1G 
i 

EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED O U N D S  

- Lab Name : mROSYSTEMS, INC. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No. : 

Matrix: (soilhter) SOIL 

Sample wt/vol : 30.0 (g/mL) G 

Lab Sample ID: 00092522 

Lab File ID: H73GC174 

~evel: (low/med) mW Date Received: 09/01/00 

% Moisture: 16 Decanted: (Y/N) N Date Extracted:09/08/00 

Concentrated m r a c t  Volume : 1000 (uL) Date Analyzed: 09/13/00 

Injection Volume : 2.0 (UL) Dilution Factor: 1.0 

GPCCleanup: (Y/N) N 

Number TICS found: 4 

pH: 5.9 Ektract ion : (Type) SONC 

CONCEWIRATION UNITS: 
(ug/L or ug/Kg) ug/m 

FORM I SV-TIC 

CAS NOMBER 
---------=====.PI==== 

1. 
2. 
3. 19047-85-9 
4. 301-02-0 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

EST. CONC. 
=======------ 

120 
89 
190 
270 

COMPOUND NAME 
=DI=====P=PPI=====P====eX=== 

UNKNOWN 
UNKNOWN 
PHOSPHONIC ACID, DIOCTADECYL 
9-CCTADECENAMIDE, (2)- 

Q ----- 
J T  
J S 
N J ~  
N J T  

- 
- 
- - - - - 
- 
- 

RT 
=======I 

20.94 
25.48 
25.57 
27.72 



SEMIVOLATILE ORGANICS ANALYSIS DATA S H .  

Lab Name: ENVIROSYSTEMS, INC. Contract : IT2 

Lab Code: ENVSYS Case No.: IT2 SAS No.: SDG No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092523 

Sample wt/vol : 30.0 (g/mL) G Lab File ID: H73GC196 

Level: (low/md) L D W  Date Received: 09/01/00 

% Moisture: 14 &cant&: (Y/N) N Date Bctracted: 09/14/00 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 09/14/00 

Injection Vo1~xt-E : 2.0 (UL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.8 Extraction: (Type) SONC 

CON-TION UNITS : 
CAS NO.  COMPOUND (ug/~ or ug/Kg) UG/E Q 

Phenol 
bis (2-Chloroethyl) Ether 
2-Chlorophenol 

- - 

4  ethylph phenol 
N-Nitroso-di-n-propylamine 
Hexachlomethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4 -Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4 -Chloroaniline 
bis (2 -Chloroethoxy) methane 
~exachlorobutadiene 
4-Chlor0-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlomphend 
2,4,5-Trichlomphenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3 -Nitroaniline 
Acenaphthene 
2,4 -Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 

FORM I SV-1 



1D 
%k I, Gy 

EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

- Lab Name : ENVIROSYSTEMS, INC. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No. : SDG No.: IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092523 

Sample wt/vol : 30.0(g/mL) G Lab File ID: H73GC196 

Level: (low/rrred) LXlW Date Received: 09/01/00 

% Moisture: 14 Decanted : (Y/N) N Date Ektracted: 09/14/00 

Concentrated Extract Volume: 1000 (5) Date Analyzed: 09/14/00 

Injection Volume: 2.0(5) Dilution Factor: 1.0 

GPC Cleanup : (Y/N) N pH: 6.8 Extract ion : (Type) SONC 

CAS NO. CoMPOUND 
CQNCENTRATION UNITS: 
(ug/L or ug/W UG/m Q 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86-3 0-6 
101-55-3 
118-74-1 
87-86-5 
8 5 - 0 1 - 8 
120-12 -7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 
85-68-7 
91-94-1 
5 6 - 55 - 3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
191-24-2 
541-73 -1 
106-46-7 
95-50-1 
120-82-1 

Diethylphthalate 
Fluorene 
4-Chlorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitm-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-~romophenyl-phenyletEer 
Hexachlorobenzene 
Pentachloropheml 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Flwranthene 
W e n e  
Butylbenzylphthalate 
3,3'-Dichlorobenzi&ne 
Benzo (a) anthracene 
Chrysene 
bis (2 -Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo (b) f luoranthene 
Benzo(k)fluoranthene 
Benzo (alpyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
1,2,4-hrichlorbenzene 

3 B  
380 
380 
1900 
190 
380 
380 
380 
1900 
380 
380 
380 
810 
380 
380 
380 
770 
380 
380 
100 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 

U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
3- 

U 
U 
U 
U 
U 
U 
JZ$ 
U u J  
U 
U 
u 
U 
U 
u 
U 
U 
U 
U 



-faPk. I, cmy 
1G EPA SAMPLE NO. 

SEMIVOLATIU ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED m U N D S  

~ a b  Name : ENVIROSYSTETJIS, INC . Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No. : SDG No. : IT2 

~ t r i x :  (soil/water) SOIL Lab Sample ID: 00092523 

Sample wt/vol : 30.0 (g/mL) G Lab File ID: H73GC196 

~evel: (low/med) mW Date Received: 09/01/00 

% Moisture: 14 Decanted: (Y/N) N Date Extracted:09/14/00 

Concentrated -tract Volume: 1000 ( a )  Date Analyzed: - 09/14/00 

Injection V o l w  : 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.8 Extraction: (Type) SONC 

Number TICS found: 22 

FORM I SV-TIC 

CAS NUMBER 
======p============= 

1. 
2. 1000154-28-6 
3. 
4. 
5. 
6. 
7. 57-10-3 
8. 
9. 629-96-9 
10. 
11. 7683-64-9 
12. 
13. 
14. 
15. 
16. 57-87-4 
17. 474-62-4 
18. 
19. 
20. 
21. 83-47-6 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

RT 
=521==== 

6.79 
6.83 
7.39 
7.44 
7.54 

20.06 
20.95 
22.45 
25.60 
27.13 
28.07 
28.10 
28.56 
29.83 
29.90 
30.67 
30.79 
30.87 
30.99 
31.15 
31.36 
31.60 

COMPOUND MlME 
=========L===P=P=====t:====I= 

UNKNOWN 
CYCZOPENTENE, 1,2,3,4,5-PENT 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
N-HEXADECANOIC ACID 
UNKNOWN 
1 - EICOSANOL 
UNKNOWN 
SQ- 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
ERGOSTEROL 
CAMPESTEROL 
UNKNOWN 
UNKNOWN 
UNKNOWN . GAMMA. - S ITOSTEROL 
UNKNOWN 

EST. CONC. 
============= 

220 
120 
99 
170 
450 
120 
330 
88 
240 
200 
110 
230 
300 
200 
360 
150 
89 
630 
180 
110 
350 
140 

Q 
--PI= 
JB 3 
NJB f 
J S' 
JB J' 
JB S 
J 
N J  f 
J r 
N J  3' 
J S 
N J  T 
J J 
J r 
J f 
J 7 
N J  7 
N J f  
J T 
J 5 
J 3 
N J  7 
J 3 



m I 

ar I, 
1C EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

*- 
Lab Name: ENVIROSYSTEMS, INC. Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: SDG No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092524 

Sample wt/vol: 30.0 (g/m~) G Lab File ID: H73GC176 

~evel: (low/med) mw Date Received: 09/01/00 

% Moisture: 11 Decanted: (Y/N) N Date Extracted: 09/08/00 

concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/13/00 

Injection Volume : 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N 

CAS NO. COMPOUND 

pH: 5.7 Extraction: (Type) SONC 

CONCENTRATION UNITS : 
(ug/L or ug/Kg) UG/m Q 

108-95-2 
111-44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 

105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
87 -68 -3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132-64-9 
121-14-2 

FORM I w - 1  OLPJIO4.2 

Phenol 
bis (2-Chloroethyl) Ether 
2-Chlorophenol 
2-Methylphenol 
2,2 ' -0xybis (1-Chloropropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4-Chloroaniline 
bis(2-Chloroeth0q)methane 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichloropheno1 
2,4,5-Trichlorophed 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Didtrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 



SsRh I, copy 
ID EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEGT 

Lab Name : ENVIROSYSTEMS, INC. Contract : IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: SDG No. : IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092524 

Sample wt/vol: 30.0(g/mL) G Lab File ID: H73GC176 

Level: (low/medl L O W  Date Received: 09/01/00 

% Moisture: 11 Decanted : (Y/N) N Date Extracted: 09/08/00 

Concentrated Extract Voh.me : 1000 (UL) Date Analyzed: 09/13/00 

Injection V o l ~ :  2.0 (a) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 5.7 Extraction: (Type) sONC 

CAS NO. aBlKlUND 

~iethylphthalate 
Fluorene 
4-Chlorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-Bmphenyl-phenyletEer 
Hexachlorobenzene 
~entachloruphenol 
Phenant hrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
w e n e  
gutylbenzylphthalate 
3,31-Dichlorobenzidine 
~enzo (a anthracene 
Qlrysene 
bis (2 -Ethylhexyl) phthalate 
Di-n-octylphthalate 
m z o  (b) f luoranthene 
~enzo (k) f luoranthene 
Benzo (a) pyrene 
~ndeno (l,2, 3 -cd) pyrene 
Dibenzo (a, h) anthracene 
Benzo (g , h, i perylene 
1,3 -Dichlorobenzene 
1,4 -Dichlorobenzene 
1,2 -Dichlorobenzene 
1,2,4-Trichlorbenzene 

C O N ~ T I O N  UNITS: 
(ug/L or ug/W) =/KG Q 

FORM I SV-2 OM04.2 



1G 
-F6Rk 1: copy 

EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHBET 

TENTATIVELY IDENTIFIED CmlPOUNDS 

- Lab Name : ENVIROSYSTEMS, INC. Contract : IT2 

Labcode: ENVSYS CaseNo.: IT2 SAS No.: SDG NO. : 1 n  

Matrix: (soil/water) SOIL Lab Sample ID: 00092524 

Sample wt/vol : 30.0 (g/mt) G Lab File ID: ~ 7 3 ~ ~ 1 7 6  

~evel: (low/med) 1;OW Date Received: 09/01/00 

% Moisture: 11 Decanted: (Y/N) N Date Bctracted:09/08/00 

Concent rated Extract V0h.m~ : 1000 (a) Date Analyzed: 09/13/00 

Injection V o l m  : 2.0(uZI) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 5.7 Extraction: (Type) SONC 

Number TICS found: 15 
CONCENTRATION UNITS: 
(ug/L or ug/W) ug/W 

FORM I SV-TIC 

CAS NUMBER - =---.-----.------ , ---------.------ 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 57-10-3 
10. 
11. 19047-85-9 
12. 295-17-0 
13. 301-02-0 
14. 13287-23-5 
15. 1119-87-5 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

CX3MPOUND MlME ---------------------------- ---------------------------- 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
IJNKNOWN 
UNKNOWN 
N - m E C A N O I C  ACID 
UNKNOWN 
PHOSPHONIC ACID, DIOCI'ADECYL 
CYcIimmmDF,CANE 
9 -OCJi'ADECENAMIDE, (2) - 
HEFTADECANE, 8 -METHYL- 
1,2-DODECANEDIOL 

RT -------- -------- 
5.50 
5.67 
6.79 
7.01 
7.39 
7.44 
7.54 
8.70 
20.94 
25.47 
25.57 
27.11 
27.72 
29.82 
29.88 

EST. CONC. ------------- ---------.----, 
120 
170 
300 
94 
110 
340 
200 
81 
190 
78 
260 
160 
270 
80 
92 

Q 
===I= 

J 7' 
J 
J T 
J T  
J T  
J T  
J 7 
J f  
NJT 
J f 
NJ? 
NJT 
NJS 
N J T  
NJ T 
- - 
- 

- - - 
- 



1C t.Rn1,CoPy 
EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. Contract : IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: SDG No. : IT2 

Matrix: (soil/water) SOIL 

Sample wt/vol: 30.O(g/mL) G 

Lab Sample ID: 00092525 

Lab File ID: H73GC177 

Level: (low/&) L O W  Date Received: 09/01/00 

% Moisture: 13 Decanted : (Y/N) N Date EKtracted: 09/08/00 

Concentrated Extract Volume: 1000 (a) Date Analyzed: 09/13/00 

Injection Volume: 2.0(ut) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.2 Bctraction: (Type) SONC 

CAS NO. 
CONCENTRATIa UNITS : 
(ug/L or ug/W U G / ~  Q 

Phenol I 380 U 
bis (2 -Chloroethvl) Ether 7 ~ l n  T T  

Hexachloroethane 
Nitrobenzene 
I smhorone 
2 -NI trophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Napht ha1 ene 
4 -Chloroaniline 
bis (2 -Chloroethoxy) methane 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 

2 -~itroanii ine 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3 -Ni troani 1 ine 
Acenaphthene 
2,4-Dinitrophenol 
4 -Ni trophenol 
Dibenzofuran 
2,4 -Dini trotoluene 



I I 

*k I, CdPy 
1D EPA SAMPLE NO. 

SEMIVOLATILEI ORGANICS ANALYSIS DATA SHEET 

PI 
Lab Name : ENVIROSYSTEDB, INC . Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No. : SDG No. : IT2 

~atrix: (soil/water) SOIL Lab Sample ID: 00092525 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: H73GC177 

Level: (low/med) L O W  Date Received: 09/01/00 

% Moisture: 13 Decanted : (Y/N) N Date Bctracted: 09/08/00 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 09/13/00 

Injection Volume: 2.0(UL) Dilution Factor: 1.0 

FORM I SV-2 

GPC Cleanup: (Y/N) N pH: 6.2 Extract ion : (Type) SONC 

CONCENTRATION UNITS: 
CAS NO. CCMEOUND (ug/L or u g / W  Q 

-A 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86-30-6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7 
8 6 - 74 - 8 
84-74-2 
206-44 -0 
129-00-0 
85-68-7 
91- 94 - 1 
56-55-3 
218-01-9 
117-81-7 
117-84-0 
205- 99 -2 
2 07- 08 -9 
50-32-8 
193-39-5 
53 - 7 0 - 3 
191-24-2 
541-73-1 
106-46-7 
95-50-1 
120-82-1 

380 
380 
380 
1800 
180 
380 
380 
380 
1800 
380 
380 
380 
55 
380 
380 
380 
760 
380 
380 
39 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 
380 

Diethylphthalate 
Fluorene 
4-Chlorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-~mphenyl-phenyletEer 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Flwranthene 
m e n e  
Butylbenzylphthalate 
3,3 -Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 
bis (2 -Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Indeno (l,2,3-cd) pyrene 
Dibenzo (a, h) anthracene 
Benzo(g,h,i)perylene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
1,2,4-Trichlorbenzene 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J= 
U 
U 
U 
U 
U 
U 
J 8 0  
U u T  
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



+'MI, C s Q j  
1G EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMFOUNDS 

Lab Name : ENVIROSYSTEMS, INC . Contract: IT2 

Lab Code : ENVSYS Case No. : IT2 SAS No.: SM3 No.: IT2 

Matrix: (soil/water) SOIL Lab Sample ID: 00092525 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: H73GC177 

Level: (low/md) LX)W Date Received: 09/01/00 

% Moisture: 13 Decanted: (Y/N) N Date mracted:09/08/00 

Concentrated Extract Volume: 1000 (a) Date Analyzed: 09/13/00 

Inj ect ion Volume : 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.2 Extraction: (~ype)  SONC 

Number TICS found: 16 
- -- 

FORM I SV-TIC OLN04.2 

CAS NUMBER 
---p--------===PP=Pp 

1. 
2. 
3. 
4. 
5. 
6. 
7. 57-11-4 
8. 19047-85-9 
9. 
10. 301-02-0 
11. 111-02-4 
12. 
13. 
14. 
15. 14021-23-9 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

(2oMFoUND NAME 
............................... 

UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
OCTADECANOIC ACID 
PHOSPHONIC ACID, DIOCTADECYL 
UNKNOWN 
9 - O C T A D ~ I D E ,  ( 2 )  - 
2, 6,10114,18,22-TETRACO~ 
UNKNOWN HYDROC7N3ON 
UNKNOWN 
UNKNOWN 
D-FRIEDOOLEAN-l4--, 3-MEEH 
UNKNOWN HYDR(3cAR3ON 

RT 
p=======, 

5.67 
6.79 
7.39 
7.44 
7.54 
22.61 
22.81 
25.57 
27.11 
27.72 
28.07 
29.83 
29.88 
30.76 
30.86 
31.05 

EST. CONC. 
======p===p== 

160 
270 
99 
300 
170 
230 
110 
190 
230 
180 
93 
210 
280 
79 
250 
100 

Q 
3---- 

J s 
J T 
J T  
J T 
J T 
J r 
NJT 
N J ~  
J 3' 
NJT 
N J T  
J J- 
J J 
J r 
J S' 
J $ 

- 



MEMORANDUM 

TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - Semivolatiles 
Envirosystems Lab, SDG IT3 

DATE: November 27,2000 

The purpose of this memorandum is to present the data validation report for the samples 
collected at the Radford Army Ammunition Plant during the August 30, 2000 sampling event. 
Samples were analyzed for semivolatile organic compounds (SVOCs) using USEPA SOW 
method OLM 04.2 (May 1999). A total of five soil samples were validated. The sample IDS are: 

Field Sample ID 
NRUWlB 
NRUWlC 
NRUG2C 

NRUG2BD 
NRUG2CD 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP and the Innovative Approaches to Data Validation for USEPA Region 111 
(June 1995.). Parameters evaluated under data validation procedure Level M3 are presented in 

r*lr 
Table 1. Data associated with parameters in compliance with quality control specifications have 
not been qualified. Data associated with parameters that did not comply with quality control 
specifications and directly impacted project data have been qualified in accordance with USEPA 
Region Ill specifications. 

Table 1. Laboratory Performance Criteria 

The quality of data collected in support of this sampling activity is considered acceptable with the 
noted qualifications. 

cc: Eric Malarek 
Project File 



RADFORD ARMY AMMUNITION PLANT 
VALIDATION REPORT 

SEMIVOLATILES REVIEW 
SDG IT3 

I-Holding Times 
Form I 
The objective is to ascertain the validity of results based on the holding time of the sample from 
time of collection to time of sample extraction and analysis. Holding time criteria: For semivolatile 
compounds in cooled (84°C f. 2°C) water samples, the maximum holding time is 14 days from 
sample collection to extraction and 40 days from extraction to analysis. 

All criteria were met and no qualifiers were applied. 

Il-Instrument Performance Check 
Form V and chromatograms. 
GCIMS instrument performance checks are performed to ensure mass resolution, identification 
and, to some degree, sensitivity. The analysis of the instrument performance check solution must 
be performed at the beginning of each 12-hour period during which samples are analyzed. 

The instrument performance check, decafluorotriphenylphosphine (DFTPP), met the ion 
abundance criteria. No qualification was applied. 

Ill-Initial Calibration 
Form VI and chromatograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used is capable of producing acceptable qualitative and quantitative data for 
compounds on the semivolatile target compound list (TCL). Initial calibration demonstrates that 
the instrument is capable of acceptable performance in the beginning of the analytical run and of 
producing a linear calibration curve. The minimum relative response factor (RRF) criteria must be 
2 0.05. Initial calibration percent relative standard deviation (%RSD) must be I 15% on the 
average for all compounds (< 30% for CCCs). 

For initial calibration performed on 09/01/00 on instrument HP73G, %RSD for compounds 
2,4-Dinitrophenol (26.0%) and 4,6-Dinitro-2-methylphenol (21.0%) were above the control 
limit. Since these compounds were non-detects in all the samples, no qualifiers were applied 
based on these outliers. 

IV-Continuing Calibration 
Form VII and chromatograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used was capable of producing acceptable qualitative and quantitative data for 
semivolatile target compounds. Continuing calibration standards containing both target and 
surrogates compounds are analyzed at the beginning of each 12-hour analysis period following 
the analysis of the instrument performance check and prior to the analysis of blanks and samples. 
The minimum Relative Response Factors (RRF) for semivolatile target compounds and 
surrogates must be 2 0.05. The percent difference (%D) between the initial calibration RRF and 
the continuing calibration RRF must be within f 20% for all target compounds. 



IV-Continuing Calibration (Cont.) 

For continuing calibration performed on 09/13/00 @14:37 on instrument HP73G, OhD for 
compounds 2-Nitrophenol (22.2%), 2,6-Dinitrotoluene (24.1%), Di-n-butylphthalate (27.4%) 
and Butylbenzylphthalate (37.3%) were above the control limit. Positive values for these 
compounds were qualified as estimated, "J" and non-detects had no qualifiers applied. 

For continuing calibration performed on 09/13/00 Q14:37 on instrument HP73G, %D for 
compounds bis (2-Ethylhexyl) phthalate (50.1 %) and Di-n-octylphthalate (62.4%) were grossly 
above the control limit. Positive values for these compounds were qualified as estimated, "J" 
and non-detects "UJ". 

For continuing calibration performed on 0911 4/00 Q 17:06 on instrument HP73G, %D for 
compounds 2,2'-oxybis (1 -Chloropropane) (27.g0h), N-Nitroso-di-n-propylamine (21.1 Oh), 2- 
Nitrophenol (23.1%), 2-Methylnaphthalene (25.3%), 2,6-Dinitrotoluene (25.0%), 2,4- 
Dinitrophenol (35.1%), 4-Nitrophenol(25.2%), Di-n-butylphthalate (29.6%), 
Butylbenzylphthalate (39.2%) were above the control limit. Positive values for these 
compounds were qualified as estimated, "J" and non-detects had no qualifiers applied. 

For continuing calibration performed on 09/14/00 817:06 on instrument HP73G, %D for 
compounds bis (2-Ethylhexyl) phthalate (57.1%) and Di-n-octylphthalate (73.8%) were grossly 
above the control limit. Since these compounds had already been qualified "UJ" in all the 
samples owing to a previous continuing calibration criteria failure, no further qualification was 
necessary. 

For continuing calibration performed on 09/15/00 8 0 7 5 9  on instrument HP73G, %D for 
compounds Hexachlorocyclopentadiene (25.2%), 2,6-Dinitrotoluene (27.2%), 2,4- 
Dinitrophenol (50.0%), 4,6-Dinitro-2-methylphenol (23.1%), Di-n-butylphthalate (30.3%), 
Butylbenzylphthalate (37.9%), bis (2-Ethylhexyl) phthalate (52.7%) and Di-n-octylphthalate 
(77.8%) were either above or grossly above the control limits. Since the samples were 
quantitated off a previous continuing calibration, no qualifiers were applied based on these 
outliers. 

V-Blank Analysis 
Form I, I V  and chromatograms 
The purpose of blank analyses is to determine the presence and magnitude of contamination 
problems resulting from field and laboratory activities. The criteria for evaluation of blanks apply to 
any blank associated with the samples. The method blank must be analyzed on each GUMS 
system used to analyze that specific group or set of samples. No contaminants should be 
detected in any of the associated blanks. Positive sample results are reported and qualified "B", if 
the concentration of the compound in the sample is 5 10 times (10X) the maximum amount in any 
blank for the common phthalate contaminants, or 5 times the maximum amount for the other 
compounds. Table 2 summarizes the blank contamination analysis. The associated rinse blank 
was sample number 082800R1. 

TABLE 2. BLANK CONTAMINATION SUMMARY. 

Compound / Blank Sample # 1 10X Max. conc. pg/kg I Samples Affected 
All Di-n-butvlphthalate / 660 



VI-Surrogate Spikes 
Form I1 and chromatograms. 
Laboratory performance on individual samples is evaluated through the review of surrogate spike 
samples. Surrogate spikes are added to all samples and blanks to measure their recovery in 
sample and blank matrices. 

All criteria were met and no qualifiers were applied. 

VII-Internal Standards 
Form Vlll and chroma tograms. 
Internal standards performance criteria ensure that GCIMS sensitivity and response are stable 
during every analytical run. Internal standard area counts for samples and blanks must not vary by 
more than a factor of two (- 5O0/0 to + 100%) from the associated calibration standard. The 
retention time of the internal standards in samples and blanks must not vary by more than k 30 
seconds from the retention time of the associated calibration standard. Positive results for 
compounds quantitated using internal standards outside of control criteria should be qualified as 
estimated "J" and non-detects as "UJ". 

All criteria were met. No qualifiers were applied. 

VIII-Quantitation Verification 
Form I, and chromatograms 
The accuracy of analytical results was verified through the calculation of several parameters. Any 
target compound below the RL and above the MDL is reported as estimated "J". Any value in 
excess of the upper level of the calibration range was qualified as estimated "J". Tentatively 
Identified Compounds were also qualified as estimated, "J". 

Sample: NRUW1C (00092530), Di-n-butylphthalate 

Conc. (pglkg) = (Ax Is Vt DF) I (Ais RRF Ws * Fs Vi) 

where: 
Ax is the compound area 
Is is the amount of standard injected (ng) 
Vt is the volume of total extract (pL) 
DF is the dilution factor 
Ais is the corresponding internal standard area 
RRF is the Relative Response Factor from the continuing calibration std. 
Vi is the volume of extract injected (,uL) 
Ws is the initial weight (gm) 
Fs is the fraction of solid 

Conc. pglkg = (521 69*40 ng*l000 uL*l) l(506961*1.367*30 gm*0.75*2 uL) = 67 pglkg 

Reported Value = 67 pglkg 
% Difference = 0% 
Values were within 10% difference. 
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, COPT 
1C EeA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS I3ATA SHEFT 

.- Lab Name : EBVIROSYSTZMS, INC. Contract: IT3 

~ a b  Code : ENVSYS Case No. : IT3 SAS No.: SDG NO.: IT3 

wtrix: (soil/water) SOIL Lab Sample ID: 00092529 

sample -/MI: 30.0 (g/mL) G Lab File ID: H73GC178 

I,=-1: (low/&) UX Date Received: 09/01/00 

% Moisture: 21 Decanted: (Y/N) N Date Extracted: 09/08/00 

concentrated m r a c t  Volume : 1000 (uL) Date Analyzed: 09/13/00 

Inj ection Volume : 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.3 Extraction: (Type) S- 

m m T I O N  UNITS : 
CAS ND. COMFOUND (ug/L or ug/~g) =/KG Q 

420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
2000 
420 
840 
420 
420 
840 
420 
420 
420 
420 
420 
2000 
420 
420 
420 
2000 
420 
420 
2000 
420 
420 

Phenol 
bis (2 -Chloroethyl) Ether 
2-Chlorophen01 
2-Methylphenol 
2,2 ' --is (1-Chloropropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachlomethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4-Chloroaniline 
bis (2-Chloroethoxy) methane 
Hexachlorobutadiene 
4-Chloro-3 -methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlomph~l 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrapheno1 
4-Nitrophenol 
Dibenzof uran 
2,4-Dinitrotoluene 

- 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
u 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 

108-95-2 
111-44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 

- 

98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 

. 87-68 -3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
20 8 - 96 -8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132 - 64 -9 
121-14-2 



1D 
h h I ,  COPY 

EPA SAMPLe NO. 
SEMIVOLATILE ORGANICS ANAtYSIS DA?a SHEET 

I 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT3 

Lab Code : ENVSYS Case No. : IT3 SAS No.: SDG No.: IT3 

Matrix: (soil/water) SOIL Lab Sample ID: 00092529 

sample wt/vol: 30.0(g/mL) G Lab File ID: H73GC178 

~evel: (low/med) M W  Date Received: 09/01/00 

% Moisture: 21 Decanted : (Y/N) N Date Extracted: 09/08/00 

concentrated Esrtract Volume: 1000 (uL) Date Analyzed: 09/13/00 

In j  ection Volume : 2.0 (uL) Dilution Factor: 1.0 

GPC Cleanup: (Ym) N pH: 6.3 Extraction: (Type) SONC 

CAS No. CmlPOUND 
~CEWIRATION UNITS: 
(ug/L or ug/Kg) Elm Q 

FORM I SV-2 OIM04.2 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86-3 0 -6 
101-55-3 
118-74-1 
87-86-5 
8 5 - 0 1 - 8 
120-12-7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 
85-68 -7 
91-94-1 
56-55-3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
2 07 - 0 8 - 9 
50-32-8 
193-39-5 
53 - 70 -3 
191-24-2 
541-73-1 
106-46-7 
95-50-1 
120-82-1 

~iethylphthalate 
Flwrene 
4-Chloraphenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-~mphenyl-phenyletEer 
Hexachlombenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
wene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Beno (a) anthracene 
Ckpene 
bis(2-Ethylhexyllphthalate 
Di-n-octylphthalate 
Benzo (b) fluoranthene 
Ben20 (k) f luoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo (a, h) anthracene 
Benzo(g,h,i)perylene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
112-Dichlorobenzene 
1,2,4-Trichlorbenzene 

420 
420 
420 
2000 
200 
420 
420 
420 
2000 
420 
420 
420 
48 
420 
420 
420 
840 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 
420 

u 
u 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
J ~ B  
U 
u 
U 
U 
U 
u 
U 
u Q ~  
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 



1G 
f a a ~  I, mr 

EPA SAMPLE NO. 
SEMNOLATILE ORGANICS ANALYSIS DAm SWZX 

TENTATIVELY IDENTIFIED OMPOUNDS 

-tab Name: ENVIROSYSTEMS, INC. Contract: IT3 

Lab Code: W S Y S  Case No.: IT3 SAS No. : SDG No. : IT3 

Matrix: (soil/water) SOIL Lab Sample ID: 00092529 

Sample wt/vol: 30 -0 (g/rrr~) G Lab File ID: H73GC178 

Level: (low/med) LOW Date Received: 09/01/00 

% Moisture: 21 Decanted: (Y/N) N Date Ektracted:09/08/00 

Concentrated Extract Volume : 1000 (UL)  Date Analyzed: 09/13/00 

Inj ection Volume : 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.3 Extract ion: (Type) SONC 

Number TICS found: 10 
CONCENTRATION UNITS: 
(ug/L or ug/KEi) ug/w 

FORM I SV-TIC 

CASNur4BER 
====I=============== 

1. 
2. 
3. 
4. 
5. 

I 
6. 
7. 74685-33-9 
8. 301-02-0 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 

- -'1 1 - -  - -  -- 

EST. CCNC. 
===FC==XIIPPI 

150 
300 

8 8 
110 
350 
180 

m u N D  NAME 
= P I I I = I l l l = I B O = 0 1 I = = = = = = = i = = =  

UNKNOWN 
UNKNOWN 
UJmNoWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
3-EICOSENE, (E)- 
9-OCIRDECENAMIDE, (Z) - 
UNKNOWN 
UNKNOWN 

- --- 



1C EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEFT 

~ a b  Name : ENVIROSYS~, INC. Contract: IT3 

Lab Code : ENVSYS Case No. : IT3 SAS No. : SDG No. : IT3 

Matrix: (aoil/water) SOIL Lab Sample ID: 00092530 

sample wt/vol: 30.0 (g/mL) G Lab File ID: H73GC179 

~evel: (low/&) L O W  Date Received: 09/01/00 

% Moisture: 25 Decanted: (Y/N) N Date mracted: 09/08/00 

concentrated Extract Volume: 1000 (ut) Date Analyzed: 09/13/00 

Injection Volume: 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N p ~ :  6.3 Extraction: (~ype) SONC 

CONCEN'lWiTION UNITS : 
(ug/L or ug/m) =/KG 

FORM I SV-1 I ! P  !'2a04.2 

108-95-2 
111-44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
8 7 - 68 -3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132 -64 -9 
121-14-2 

Phenol 
bis (2-Chloroethy1)Ether 
2-Qllor0phenol 
2-Methylphenol 
2,2 ' -0-is (1-Qiloropmpane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachlomethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichloraphenol 
Naphthalene 
4 - a o d l i n e  
bis(2-Chloroethoxy)methane 
Hexachlorobut adiene 
4-Qlloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrapheno1 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 

440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
2100 
440 
880 
440 
440 
880 
440 
440 
440 
440 
440 
2100 
440 
440 
440 
2100 
440 
440 
2100 
440 
440 

u 
U 
U 
u 
U 
u 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 



. lD EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS mTA SHEET 

-"lab Name : ENVIROSYSTEMS, INC. Contract: IT3 

Lab Code : ENVSYS Case No. : IT3 SAS No.: SDG NO.: IT3 

~atrix: (soil/water) SOIL Lab Sample ID: 00092530 

Sample wt/vol : 30.0(g/mL) G Lab File ID: H73GC179 

~ ~ v e l :  (low/med) IXlW Date Received: 09/01/00 

% ~oisture: 25 Decanted: (Y/N) N Date Extracted: 09/08/00 

concentrated Extract Volume : 1000 (uL) Date Analyzed: 09/13/00 

Injection Volume : 2.0(Ut) Dilution Factor: 1.0 

GPC Cleanup : (Y/N) N pH: 6.3 Extraction: (Type) S ~ C  

CAS No. COMPOUNO 
CONCENTRATION UNITS: 
(ug/L or ug/W) / Q 

FORM I SV-2 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86-3 0-6 
101-55-3 
118-74-1 
8 7 - 8 6 - 5 
85-01-8 
120-12-7 
86-74-8 
84-74-2 
206-44-0 
12s-00-0 
85-68-7 
91-94-1 
56-55-3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
2 0 7 - 08 - 9 
50-32-8 
193-39-5 
53 - 70- 3 
191-24-2 
541-73- 1 
106-46-7 
95-50-1 
120-82-1 

Diethylphthalate 
Fluorene 
4-Chlomphenyl-phenylether 
4 -Nitmanilhe 
4,6-Dinitm-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-~romophenyl-phenyletKer 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
pyrene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo (a) anthracene 
m e n e  
bis  (2-Ethylhexy1)phthalate 
Di-n-octylphthalate 
Benzo (b) f luoranthene 
Benzo (k) f luoranthene 
-20 (a) pyrene 
1ndeno(l,2,3-cd)pyrene 
Dibenzo (a, h) anthracene 
~enzo (g, h, ilpexylene 
1,3-Dichlorobenzene 
1, 4-Dichlombenzene 
1,2-Dichlombenzene 
1,2,4-Trichlorbenzene 

440 
440 
440 
2100 
210 
440 
440 
440 
2100 
440 
440 
440 
67 
440 
440 
440 
880 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 

U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
u 
U 
J;8& 
U 
u 
u 
U 
U 
u 
U U ~  
U U ~  
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 



-faRIh I,wr-l 
EPA SAMPLE NO. - - .  

SEMIVOLATILE ORGANICS ANALYSIS DATA S m  
TEmXTIVELY IDENTIFIED COMPOUNDS I 

Lab Name: ENVIROSYSTEMS, INC. Contract: IT3 

Lab Code: ENVSYS Case No.: IT3 SAS No.: SDG No. : IT3 

Matrix: (soil/water) SOIL Lab Sample ID: 00092530 

Sample wt/vol : 30.0 (g/mL) G Lab File ID: H73GC179 

Level: (low/med) IOW Date Received: 09/01/00 

% Moisture: 25 Decanted: (Y/N) N Date Extracted:O9/08/00 

Concent rated Extract Volume : 1000 (Ut) Date Analyzed: 09/13/00 

Injection Volume: 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.3 Extract ion: (Type) SONC 

Number TICS found: 9 
CONCENTRATION UNITS : 

(ug/L or ug/W) ug/g 

CAS NUMBER 
====Pp=I=======IP=P= 

1. 
2. 
3. 
4. 
5. 
6. 
7. 57-10-3 
8. 
9. 301-02-0 

I O u N D  NAME 

UNKNOWN 
UMCNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
N-HEXADEKXNOIC ACID 
UNKNOWN 
9-0oECIENAMIDE, (Z)  - 

FORM I SV-TIC 

EST. CQNC. 
XPP=PIE=PEP=P 

210 
340 
97 
130 
390 
210 
110 
290 
180 



1C EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS R?4TA SHEET 

*'-A N- : ENVIROSYS'IEMS, INC. Contract: IT3 

~ a b  Code : ENVSYS Case No. : IT3 SAS No.: SDG No. : IT3 

mtrix : (soil/water) SOIL Lab Sample ID: 00092532 

Sample wt/vol: 3O.O(g/mL) G Lab File ID: H73GC180 

~evel: (low/&) Date Received: 09/01/00 

% Moisture: 28 Decanted : (Y /N) N Date ESRracted: 09/08/00 

Concentrated Extract Volume : 1000 (uL) Date Analyzed: 09/13/00 

Inj ect ion Volume : 2.0(uL) Dilution Factor: 1.0 

GPC clean- : (Y/N) N pH: 5.7 Extraction: (Type) s a c  

CONCBTIPATION UNITS: 
CAS NO. CaMPOUND (ug/L or u g / W  uG/m Q 

Phenol 
bis (2-Chloroethyl) Ether 
2-Chlorophenol 
2-Methylphenol 
2,2 ' --is (1-Chloropropane) 
4-*thylphen01 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlor0phenol 
Naphthalene 
4-Chloroaniline 
bis (2-Chloroetha~7) methane 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-TricNorophenol 
2,4,5-~ichlomphenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzof uran 
2,4-Dinitrotoluene 

460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
2200 
460 
920 
460 
460 
920 
460 
460 
460 
460 
460 
2200 
460 
460 
460 
2200 
460 
460 
2200 
460 
460 

1 
108-95-2 
111-44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

6 

67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132-64-9 
121-14-2 



f&k\.I, d Y  
1D EPA SAMPLE NO. I 

. . SEMIVOLATILE ORGAMCS ANALYSIS DATA SHEET I 
~ a b  Name: ENVIROSYSTEMS, INC. Contract: IT3 

~ a b  Code : ENVSYS Case No. : IT3 SAS No. : SIX NO.: IT3 

Matrix: (soil/water) SOIL Lab Sample ID: 00092532 

Sample wt/vol: 30.0(g/mL) G Lab File ID: H73GC180 

-el: (low/d) Date Received: 09/01/00 

% Moisture: 28 Decanted : (Y/N) N Date mracted: 09/08/00 

Concentrated Extract Volume : 1000 (a) Date Analyzed: 09/13/00 

Inj ect ion Volume : 2.0(S) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N 

CAS NO. mMFoUND 

pH: 5.7 Ektraction: (Type) SONC 

CONCENTRATION UNITS: 
(ug/L or ug/Kg) UG/KG Q 

U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
J F &  
U 
U 
U 
U 
U 
u 
uur 
U U ~  
U 
U 
u 
U 
U 
U 
U 
U 
U 
u 

460 
460 
460 
2200 
220 
460 
460 
460 
2200 
460 
460 
460 
65 
460 
460 
460 
920 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 

84-66-2 
86 - 73 -7 

7005-72-3 
100-01-6 
534 - 52 - 1 
86 -30 -6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7 
86 - 74 - 8 
84 -74-2 
206-44-0 
129-00-0 
85-68-7 
91-94-1 
56-55-3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
191-24-2 
541-73-1 
106-46-7 
95-50-1 
120-82-1 

Diethylphthalate 
Fluorene 
4-Chloraphenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2 -methylphenol , 
N-Nitrosodiphenyldne (1) 
4-~romophenyl-phenyletEer 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
~nthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 

Butylbenzylphthalate 
313'-Dichlorobenzidine 
Benzo(a1anthracene 
Chrysene 
bis (2-Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo (b) f luoranthene 
Benzo (k) f lwranthene 
Ben20 (alpyrene 
Indeno(l12,3-cdlpyrene 
Dibenzo(a,h)anthracene 
Benzo (g, h, i) perylene 
1,3-Dichlombenzene 
ll 4-Dichlorobenzene 
1,2-Dichlorobenzene 
1,2,4-Trichlorbenzene 



1G EPA SAMPLE NO. 
SENIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED C!CWOUNDS 
r.g 

ab Name: EWIROSYSTEMS, INC. Contract: IT3 

Lab Code : EWSYS Case No. : IT3 SAS No.: SDG No. : IT3 

mtrix: (soil/water) SOIL Lab Sample ID: 00092532 

Sample wt/vol: 30.0 (g/mt) G Lab File ID: H73GC180 

~evel: (low/med) U W  Date Received: 09/01/00 

% ~oisture: 28 Decanted: (Y/N) N Date mracted:09/08/00 

concentrated Extract Volume: 1000 (UL) Date Analyzed: 09/13/00 

Injection Volume: 2.0(UL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 5.7 Extraction: (Type) SONC 

CONCENTRATION UNITS : 
Mrmber TICS found: 8 (ugh or ug/W) ' ~g/Kg 

FORM I SV-TIC 

CAS NUMBER 
,,,,------------ --- -_____,_,-,-,---=--- 
1. 
2. 
3. 

5. 

7. 19047-85-9 I :: 301-02-0 

aXPOUND NAME 
---------------=------I-------- --------------- ------ ----- 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
PHOSPHONIC ACID, DIOCTADEW 
9 - ~ E C E N A K l D E ,  ( 2 )  - 

EST. CCWC. 
P331P=======X 

230 
290 

Q 
=13== 

J 
J T 



1C EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: ENVIROSYSTEMS, M C  . Contract: IT3 

Lab Code: ENVSYS Case No. : IT3 SAS No.: SM3 No.: IT3 

~atrix : (soil/water) SOIL Lab Sample ID: 00092536 

Sample wt/wl: 3O.O(g/rnL) G Lab File ID: H73GC181 

~evel :  (lw/med) LOW Date Received: 09/01/00 

% Moisture: 11 Decanted : (Y/N) N Date mracted: 09/08/00 

Concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/14/00 

Inj ect ion Volume : 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 7.6 Extraction: (Type) SONC 

CAS No. cmMPoUND 
CONCEHTRATION UNITS : 
(ug/L or ug/Kg) WIG Q 

FORM I SV-1 

108-95-2 
111-44-4 
95-57-8 
95 -48-7 
108-60-1 
106-44 -5 
621-64-7 
67-72-1 
98 -95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
87-68 -3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 

- 95-95-4 
91-58-7 
88 -74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
1 0 0 - 02 - 7 
132 -64- 9 
121-14-2 

370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
1800 
370 
740 
370 
370 
740 
370 
370 
370 
370 
370 
1800 
370 
370 
370 
1800 
370 
370 
1800 
370 
370 

P-1 
bis (2-Chloroethyl) Ether 
2 -Chl~r~phefl~l 
2 -MethylpWl 
2,2 -0xybis (1-Chloropropane) 
4 -Methylphenol 
N-Nitroso-di-n-prapylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4 -Chloroaniline 
bis(2-Chloroethaxy)methane 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2 -Nitroaniline 
Dirnethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3 -Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4 -Nit rophenol 
Dibenzofuran 
2,4-Dinitrotoluene 

U 
U 
IJ 
U 
U 
u 
u 
u 
u 
u 
u 
u 
U 
U 
U 
u 
U 
U 
u 
U 
U 
U 
u 
U 
U 
U 
u 
U 
U 
U 
u 
U 
U 



1D EPA SAMPLE NO. 
SEMNOLATILE ORGANICS AMLLYSIS DATA SHEFT 

- T.& Name : ENVIROSYSTEMS, INC. Cantract: IT3 

Lab Code : W S Y S  Case No. : IT3 SAS No.: SDG No. : IT3 

mtrix: (soil/water) SOIL Lab Sample ID: 00092536 

sample wt/vol: 30.0(g/mt) G Lab File ID: H73GC181 

~evel: (low/med) LX>W Date Received: 09/01/00 

% Moisture: 11 Decanted : (Y/N) N Date Extracted: 09/08/00 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 09/14/00 

In j ect ion Volume : 2.0(UL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 7.6 Extract ion: (Type) SONC 

CAS NO. crMPoUND 
CONCENTRATION UNITS: 
(ug/L or ug/W UG/KI;! Q 

FORM I SV-2 

84 -66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86-30-6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12 -7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 
85-68 - 7 
91-94 - 1 
56-55-3 
218-01-9 
117-81-7 
117-84-0 
205 - 99- 2 
2 0 7 - 08 - 9 
50-32-8 
193-39-5 
53 -70-3 
191-24-2 
541-73-1 
106-46-7 
95-50-1 
12 0 - 82 - 1 

370 
370 
370 
1800 
180 
370 
370 
370 
1800 
370 
370 
370 
63 
370 
370 
370 
740 
370 
370 
43 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 

Diethylphthalate 
Fluorene 
4-Chlorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrasodiphenylamine (1) 
4-Bromrphenyl-phenyletEer 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
~yrene 
Butylbenylphthalate 
3,3 ' -Dichlorobenzidine 
Benzo (a) anthracene 
Quysene 
bis (2-Ethylheql) phthalate 
Di-n-octylphthalate 
Benzo (b) f luoranthene 
Benzo (k) flwranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cdlpyrene 
Dibenzo (a, h) anthracene 
Benzo(g,h,i)perylene 
1, 3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
1,2,4 -Trichlorbenzene 

U 
u 
u 
U 
U 
U 
u 
U 
u 
U 
U 
U 
~ ; 8 0  
U 
u 
U 
U 
U 
U 
J X ~  
U U T  
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 



 ha^, ~opr 
1G EPA SAMPLtE NO. 

SENIVOLATILE ORGANICS ANALYSIS DATA SHEET 
TENTATIVELY IDENTIFIED COMPOUNDS 

Lab Name: ENVIROSYSTEMS, INC. Contract: IT3 

Lab Code: ENVSYS Case No.: IT3 SAS No.: SIX No. : IT3 

Matrix: (soil/water) SOIL Lab Sample ID: 00092536 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: H73GC181 

wvel: (low/~d) Klw Date Received: 09/01/00 

% Moisture: 11 Decanted: (Y/N) N Date Extracted:09/08/00 

Concentrated Extract Volume: 1000 (UL) 

Injection Volume : 2.O(UL) 

GPC Cleanup: (Y/N) N PH: 7.6 

Number TICS found: 12 

Date Analyzed: 09/14/00 

Dilution Factor: 

Ektract ion : (Type) SONC 

CONCEWI'RATION UNITS : 
(u9/L or u9/W) ug/w 

FORM I SV-TIC 

CASNuMBES . 
---=---------------- --- ---------------- 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 1454-85-9 
10. 
11. 301-02-0 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

EST. CONC. 
I=%========== 

200 
330 
88 
120 
390 
210 
110 
84 
140 
98 
230 
290 

COMJ?OUND NAME 
I=P==PIIPP===P==P=I=~==:~~==:~ 
UNKNOWN 
llNmOWN 
T.mmOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
1 -HEIFTADEC?iNOL 
TBTKNOWN 
9-OCI'ADEECENAMIDE, (2) - 
UNKNOWN 

Q 

J 3' 
J f 
JS 
J T  
J T 
J T  
J T  
J r  
NJJ 
J 7 
NJr 
J T 

- 

RT 
=5====== 

5.66 
6.79 
7.01 
7.39 
7.44 
7.54 
20.94 
25.47 
25.59 
27.13 
27.72 
29.89 



*~I', - Y 
EPA SAMPIS NO. I 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEFT 

dab Name : E N V I R O S Y S ~  , INC. Contract: IT3 

Code : ENVSYS Case No. : IT3 SAS No.: SIX No. : IT3 

~atrix: (soil /water) SOIL Lab Sample ID: 00092541 

Sample wt/vol : 30.0(g/mT,c) G Lab File ID: H73GC182 

~evel: (low/med) mw Date Received: 09/01/00 

% Moisture: 18 Decanted : (Y/N) N Date Wracted: 09/08/00 

Concentrated lactract Volume : 1000 (uL) Date Analyzed: 09/14/00 

Injection Volume : 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup : (Y/N) N pH: 6.6 Extract ion : (Type) S ~ C  

~NCENTR?LTION UNITS: 
CAS NO.  FOUND (ug/L or ug/~g) / Q 

i !  * I * ! ;gy  

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
2000 
400 
800 
400 
400 
800 
400 
400 
400 
400 
400 
2000 
400 
400 
400 
2000 
400 
400 
2000 
400 
400 

Ph-1 
bis (2 -Chloroethyl) Ether 
2-Chloroph-1 
2-Methylphenol 
2,2'-oxybis(1-Chloropmpane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachlomethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4-Chl~rOaniline 
bis (2-Chloroethoxy) methane 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,416-Trichlomphenol 
214,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 

i 
108-95-2 
111-44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

I 

98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91 -20 -3 
106-47-8 
111-91-1 
87-68-3 
59-50-7 
91-57-6 
77 -4 7 - 4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132-64-9 
121-14-2 



. 8 SaRh J.1 wy 
ID EPA SAMPLE NO. 

SEMIVOLATILE ORGAMCS ANALYSIS DATa SHEET 

I,& Name : ENVIROSYS-, INC. Contract : IT3 

Ldb Code : ENVSYS Case No. : IT3 SAS No.: SDG No. : IT3 

Matrix: (soil/water) SOIL Lab Sample ID: 00092541 

Sample wt/vol: 30.0(g/mL) G Lab File ID: H73GC182 

Level: (low/med) LX>W Date Received: 09/01/00 

% Moisture: 18 Decanted : (Y/N) N Date Extracted: 09/08/00 

Concentrated Extract Volume : 1000 (uL) Date Analyzed: 09/14/00 

Injection Volume : 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.6 wraction: (~ype) SONC 

! o N ~ T I o N  UNITS: 
bg/L or ug/Kg) Q CAS NO. COMmUND 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
8 6 - 3 0 - 6 
101 - 55 -3 
118-74-1 
87 - 86 -5 
85-01-8 
120-12-7 
86-74 -8 
84-74-2 
206-44 -0 
129-00-0 
85-68-7 
91-94-1 
56-55-3 

218-01-9 
117-81-7 
117-84-0 
2 05 - 99 - 2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
191-24-2 
541-73-1 
106 -46-7 
95-50-1 
120-82-1 

Diethylphthalate 
Fluorene 
4-Chlomphenyl-phenylether 
4-Nitroaniline 
4,6-Dinitm-2-methylphenol 
N-Ni tmsodiphenylamine (1) 
4 -Bmphenyl -phenyletl?er 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3,3'-Dichlombenzidine 
Benzo (a) anthracene 
Quysae 
bis (2-Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo (b) f luoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
Benzo (g, h, i)perylene 
1,3-Dichlombenzene 
1,4 -Dichlorobenzene 
1,2-Dichlorobenzene 
1,2,4-Trichlorbenzene 



1G EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEFT 

TENTATIVELY IDENTIFIED COMPOUNDS - Lab Name : ENVIROSYSTEMS, INC. Contract: IT3 

Lab Code : ENVSYS Case No. : IT3 SAS No.: SDG No. : IT3 

Matrix: (soil/water) SOIL Lab Sample ID: 00092541 

Sample wt/vol: 30.0 (g/m~) G Lab File ID: H73GC182 

~evel: (low/@) L O W  Date Received: 09/01/00 

% Moisture: 18 Decanted: (Y/N) N Date Extracted:09/08/00 

Concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/14/00 

Injection Volume : 2.0 (uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.6 mraction: (Type) SQNC 

Number TICS found: 10 
CONCENTRATION UNITS : 
(W/L or u g / W  ug/w 

FORM I SV-TIC 

EST. CCINC. -- Q 
- - = = = P = I I O I P P  ===a= 

260 JT 
460 J T 

CoMF'ouND NAME 
==PX3==P1====PIIIIP==~===~=:= 

UNKNOWN 
UNKNOF3N 
UNKNOWN 
UNKNOWN 
UNKNOWN 
TJNKNOWN 
llNmoWN 
UNKNOWN 
PHOSPHONIC ACID, DIOerADECYL 
9-OCTADECENAMIDE, (Z) - 

- 
190 J T  
540 JS 
280 J T  
82 JT 
90 NJT 
200 NJJ 

CASNUMBER 
31----=3======'E=3== 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 19047-85-9 

10. 301-02-0 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 



MEMORANDUM 

TO: Davida Trumbo 

FROM: Kweku Acquah 

SUBJECT: Radford Army Ammunition Plant Data Validation - Semivolatiles 
Envirosystems Lab, SDG IT5 

DATE: November 27,2000 

The purpose of this memorandum is to present the data validation report for the samples 
collected at the Radford Army Ammunition Plant during the September 6-7, 2000 sampling 
events. Samples were analyzed for semivolatile organic compounds (SVOCs) using USEPA SOW 
method OLM 04.2 (May 1999). A total of eight soil samples were validated. The sample IDS are: 

Data were reviewed by Kweku Acquah and validated using a combination of method-specific 
criteria, laboratory SOP and Innovative Approaches to Data Validation for USEPA Region 111 (June 
1995.). Parameters evaluated under data validation procedure Level M3 are presented in Table 1. 
Data associated with parameters in compliance with quality control specifications have not been 
qualified. Data associated with parameters that did not comply with quality control specifications 
and directly impacted project data have been qualified in accordance with USEPA Region Ill 
specifications. 

Field Sample ID 
MMAB3A 
MMAB3B 
MMAW2A 
MMAW2B 
MMAW2C 

Table 1. Laboratory Performance Criteria 

Field Sample ID 
MMAW2CD 
MMAUlA 
MMAU1 B 
MMAUlC J 

Parameter 

j X 1 Holding Times I---+? 
-- 

The quality of data collected in support of this sampling activity is considered acceptable with the 
noted qualifications. 

cc: Eric Malarek 
Project File 



RADFORD ARMY AMMUNITION PLANT 
VALIDATION REPORT 

SEMIVOLATILES REVIEW 
SDG IT5 

I-Holding Times 
Form 1 
The objective is to ascertain the validity of results based on the holding time of the sample from 
time of collection to time of sample extraction and analysis. Holding time criteria: For semivolatile 
compounds in cooled (84°C + 2°C) soil samples, the maximum holding time is 14 days from 
sample collection to extraction and 40 days from extraction to analysis. 

The samples were analyzed 0911 7-22/00. All criteria were met and no qualifiers were applied. 

Il-Instrument Performance Check 
Form V and chromatograms. 
GCIMS instrument performance checks are performed to ensure mass resolution, identification 
and, to some degree, sensitivity. The analysis of the instrument performance check solution must 
be performed at the beginning of each 12-hour period during which samples are analyzed. 

The instrument performance check, decafluorotriphenylphosphine (DFTPP), met the ion 
abundance criteria. No qualification was applied. 

Ill-Initial Calibration 
Form VI and chromatograms. 

- Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used is capable of producing acceptable qualitative and quantitative data for 
compounds on the semivolatile target compound list (TCL). Initial calibration demonstrates that 
the instrument is capable of acceptable performance in the beginning of the analytical run and of 
producing a linear calibration curve. The minimum relative response factor (RRF) criteria must be 
2 0.05. Initial calibration percent relative standard deviation (%RSD) must be I 15% on the 
average for all compounds (< 30% for CCCs). 

For initial calibration performed on 09/01/00 on instrument HP73G, 2,4-Dinitrophenol (26.0%) 
and 4,6-~in~itro-2-methylphenol (21.0%) were above the control limit. Since these compounds 
were non-detects in all the samples, no qualifiers were applied based on these outliers. 

IV-Continuing Calibration 
Form VII and chromatograms. 
Compliance requirements for satisfactory instrument calibration are established to ensure that the 
instrument used was capable of producing acceptable qualitative and quantitative data for 
semivolatile target compounds. Continuing calibration standards containing both target and 
surrogates compounds are analyzed at the beginning of each 12-hour analysis period following 
the analysis of the instrument performance check and prior to the analysis of blanks and samples. 
The minimum relative response factors (RRF) for semivolatile target compounds and surrogates 
must be 2 0.05. The percent difference (%D) between the initial calibration RRF and the 
continuing calibration RRF must be within + 20% for all target compounds. 



IV-Continuing Calibration (Cont.) 

For continuing calibration performed on 0911 7/00 @ 15:19 on instrument HP73G, compounds 
Nitrobenzene (21.4%), 2-Methylnaphthalene (24.1%), 2-Nitroaniline (26.8%), 2,6- 
Dinitrotoluene (27.2%), 2,4-Dinitrophenol (31.3%), Di-n-butylphthalate (27.0%), Pyrene 
(21.5%), Butylbenzylphthalate (38.1°h), bis(2-Ethylhexy1)phthalate (49.9%) and Di-n- 
octylphthalate (61.5%)%) were above the control limits. Positive values for these compounds 
were qualified as estimated, "J" and non-detects had no qualifiers applied. 

For continuing calibration performed on 09/22/00 @09:31 on instrument HP73G, %D for 
compounds 2,4-Dinitrophenol (58.2%), 4,6-Dinitro-2-methylphenol (45.3%) and Di-n- 
octylphthalate (44.0%) were grossly above the control limit (i.e > 2X CL). Positive values for 
these compounds were qualified as estimated, "J" and non-detects "UJ". 

For continuing calibration performed on 09/22/00 @09:31 on instrument HP73G, %D for 
compounds N-Nitroso-di-n-propylamine (21.6%), Hexachloroethane (21.0%), 2-Nitroaniline 
(31.8%), 2,6-Dinitrotoluene (24.1%), 3-Nitroaniline (21.8%), Carbazole (33.4%), 
Butylbenzylphthalate (28.7%) and bis(2-Ethylhexy1)phthalate (35.1 %) were above the control 
limit. Positive values for these compounds were qualified as estimated, "J" and non-detects 
had no qualifiers applied. 

V-Blank Analysis 
Form I, IV and chromatograms 
The purpose of blank analyses is to determine the presence and magnitude of contamination 
problems resulting from field and laboratory activities. The criteria for evaluation of blanks apply to 
any blank associated with the samples. The method blank must be analyzed on each GUMS 
system used to analyze that specific group or set of samples. No contaminants should be 
detected in any of the associated blanks. Positive sample results are reported and qualified "B", if 
the concentration of the compound in the sample is 5 10 times (10X) the maximum amount in any 
blank for the common phthalate contaminants, or 5 times the maximum amount for the other 
compounds. Table 2 summarizes the blank contamination analysis. The associated rinse blank is 
sample number 0831 00R4. 

TABLE 2. BLANK CONTAMINATION SUMMARY. 

VI-Surrogate Spikes 
Form /I and chromatograms. 
Laboratory performance on individual samples is evaluated through the review of surrogate spike 
samples. Surrogate spikes are added to all samples and blanks to measure their recovery in 
sample and blank matrices. 

CompoundIBlank Sample # 
Di-n-butylphthalate / SBLK14 
Bis(2-Ethylhexy1)phthalate / 

SBLK14 

All criteria were met. No qualifiers were applied. 

1 OX Max. conc. pglkg 
9500 
850 

Samples Affected 
All 

All except MMAB38, 
MMAUIB 
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VII-Matrix Spikeispike Duplicate 
Form 111 and chroma tograms. 
MS/MSD are generated to determine long-term precision and accuracy of the analytical method 
on various matrices and to demonstrate acceptable compound recovery by the laboratory at the 
time of sample analysis. Specific criteria include the analyses of matrix spike and matrix spike 
duplicate samples at a frequency of one MS and MSD per 20 samples of similar matrix. MS and 
MSD recoveries and Relative Percent Differences between MS and MSD recoveries should be 
within the specified limits. 

Sample MMAW2B (00092621) was used for the MSIMSD analyses. All criteria were met and 
no qualifiers were applied. 

VIII-Internal Standards 
Form Vlll and chromatograms. 
Internal standards performance criteria ensure that GCIMS sensitivity and response are stable 
during every analytical run. Internal standard area counts for samples and blanks must not vary by 
more than a factor of two (- 50% to + 100%) from the associated calibration standard. The 
retention time of the internal standards in samples and blanks must not vary by more than f 30 
seconds from the retention time of the associated calibration standard. Positive results for 
compounds quantitated using internal standards outside of control criteria should be qualified as 
estimated "J" and non-detects as "UJ". 

All criteria were met for all target compounds. No qualifiers were applied 

IX-Quantitation Verification 
Form 1, and chromatograms .- The accuracy of analytical results was verified through the calculation of several parameters. Any 
target compound below the RL and above the MDL is reported as estimated "J". Any value in 
excess of the upper level of the calibration range was qualified as estimated "J". Tentatively 
Identified Compounds were also qualified as estimated, "J". 

Sample: MMAW2BMS (00092621 MS), Phenol. 

Conc. (pglkg) =(Ax Is Vt ' DF) / (Ais * RRF * Ws Fs * Vi) 

where: 
Ax is the compound area 
Is is the amount of standard injected (ng) 
Vt is the volume of total extract (yL) 
DF is the dilution factor 
Ais is the corresponding internal standard area 
RRF is the Relative Response Factor from the continuing calibration std. 
Ws is the initial weight (g) 
Fs is the fraction of solid 
Vi is the volume of extract injected (yL) 

Conc. pglkg = (902023'40 ng'l000 yL*l) / 1851 44*3.035*30 gm'0.89*2 pL = 1202 yg/kg 

Reported Value = 1200 yg/kg 
% Difference = 0.16% 
Values were within 10% difference. 



b 
1C 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEGT 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No.: SDG No. : IT5 

mtrix: (soil/water) SOIL Lab Sample ID: 00092618 

sample wt/vol: 30.0(g/mL) G Lab File ID: H73GC233 

~evel: (low/med) Date Received: 09/08/00 

% Moistu.: 11 Decanted : (Y/N) N Date Extracted: 09/15/00 

concentrated Extract Volum: 1000 (a) Date Analyzed: 09/17/00 

Injection Volume : 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 5.9 Extraction: (Type) SCNC 

CONCEWIPATION UNITS : 
CAS NO. ~MF'OUND (ug/L or ug/Kg) =/KG Q 

Phenol 
bis (2 -Chloroethyl) Ether ' 2-chlorophenol 
2-Methylphenol 
2,2 -oxybis (1-Chloropropane) 
4-Methylphenol 
N-Nitroso-di -n-propylamine 
Hexachloroethane 
Nitrobenzene 
I sophorone 
2 -Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4-Chloroaniline 
bis (2 -Chloroethoxy) methane 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorowclopentadiene 

2 -~itroaniiine 
Dimethylphthalate 
2,6-Dinitrotoluene 
~cenaphthylene 
3 -Nit roanil ine 
Acenaphthene 
2,4 -Dinitrophenol 
4 -Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 



I I 

F a x ,  - 4 ~  
1D -A - NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEFT 

r 4  Lab Name: E N V I R O S Y S ~ ,  INC. Contract: ITS 

~ a b  Code : W S Y S  Case No. : IT5 SAS No. : SDG No. : ITS 

Matrix: (soil /water) SOIL Lab Sample ID: 00092618 

sample wt/vol: 30.0 (g/nL) G Lab File ID: H73GC233 

~evel: (low/med) LOW Date Received: 09/08/00 

& Moisture: 11 Decanted : (Y/N) N Date -ratted: 09/15/00 

Concentrated Extract Volume: 1000 (a) Date Analyzed: 09/17/00 

Inj ection Vol~me : 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 5.9 -raction: (Type) scy~c 

CAS NO. 

FORM I SV-2 

C0N-a UNITS: 
ccmouND (ug/L or ug/Kg) UG 

Diethylphthalate 
Fluorene 
4-Chlomphenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Ni trosodiphenylamine (1) 
4-~rorrrophenyl-phenyletEer 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Flwranthene 
m e  
Butylbenzylphthalate 
3,3 -Dichlorobenzidine 
~enzo (a) anthracene 
-e 
bia (2 -Ethylhexyl) phthalate 
Di-n-octylphthalate 
~enzo (b) f luoranthene 
Benzo (k) f luoranthene 
Benzo (a) pyrene 
~ndeno (l,2,3-cd)mene 
Dibenzo (a, h) anthracene 
Benzo (g, h, i perylene 
1,3 -Dichlombenzene 
l,4 -Dichlorobenzene 
1,2-Dichlombenzene 
1,2,4-Trichlorbenzene 

370 
370 
370 
18 00 
180 
3 70 
3 70 
3 70 
1800 
3 70 
3 70 
370 
650 
370 
370 
370 
740 
370 
370 
150 
3 70 
3 70 
370 
370 
370 
370 
370 
370 
3 70 
370 
3 70 



1G EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANACYSIS DATA SHEET 

TENTATIVELY IDENTIFIED CYMPOUNDS 

Lab Nane : ENVIROSYSTEMS, INC. Contract: IT5 I 

Lab Code : ENVSYS Case No. : IT5 SAS No. : SDG No. : IT5 

mtrix : (soil/water) SOIL Lab Sample ID: 00092618 

Sample wt/vol : 30.0 (g/m~) G Lab File ID: H73Gc233 

LR-1: (low/med) Date Received: 09/08/00 

% Moisture: 11 Decanted: (Y/N) N Date Extracted: 09/15/00 

concentrated Extract Volume: 1000 (ut) Date Analyzed: 09/17/00 

Inject ion Vohme: 2.0 (uL) Dilution Factor: 1.0 

GPC Cleanup : (Y/N) N pH: 5.9 Extraction : (Type) SONC 

Number TICS found: 30 
C O N B T I O N  UNITS : 
(ug/L or ug/~g) ug/w 

I I(AUR-16-EN-18-OIC ACID, (4.B PHOSPHONIC ACID. DIOCIYIDECIL 

CAS NUMBER 
----=--------------- ____ ___------------ 
1. 
2. 
3. 7785-70-8 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 57-10-3 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

1-DOCOSENE 
IJNmoWN 
UNKNOWN HYDROCARBON 
lJNmmWN 
UNKNOWN 
UNKNOWN 
UNKNOWN HYDRocARBm 
UNKNOWN 

COMPOUND NAME 
------=--------------------- ------ -----------_-___.-____ 
UNKNOWN HYDFXCARBON 
UNKNOWN 
1R-.ALPHA.-PINENE 
UNKNOWN 
UNKNOWN 
lNKNoWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
WKNOWN PHTH?CCATE 
N-HEXADECANOIC ACID 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNmOWN 

EST. CONC. 
===--- ------ ---=------ 

170 
120 
1200 
110 

J T 
J S' 
J a- 
JBT 
NJJ 
J r 
J S 
J a- 

FORM I SV-TIC 



1C EPA SAMPLE K). 
SEMIVOLATILE ORGANICS ANALYSIS DAm SHEET 

--Lab Name: E N V I R O S Y S ~ ,  INC. Contract: IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No.: SDG No. : IT5 

mtrix: (soil/water) SOIL Lab Sample ID: 00092619 

Sample wt/vol : 30.0 (g/mL) G Lab File ID: H73GC234 

( Level: (low/med) u m  Date Received: 09/08/00 

% Moisture: 9 Decanted: (Y/N)N Date Extracted: 09/15/00 

concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/17/00 

( Inject ion V o l m  : 2.O(uL) Dilution Factor: 1.0 

( GPC cleanup: (Y/N) N pH: 6.1 Extract ion : (Type) SONC 

FORM I SV-1 

CONCENTRATION UNITS: 
CAS NO. ~ U N D  (ug/L or u g / ~ )  U G / ~  Q 

- 

360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
360 
1800 
360 
730 
360 
360 
730 
360 
360 
360 
360 
360 
1800 
360 
360 
360 
1800 
360 
360 
1800 
360 
360 

U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U W 
U 
U 
U 

108-95-2 
111-44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 

Phenol 
bis (2-Chloroethyl) ~ther 
2-Chl09hen01 
2-Methylphenol 
2,2 ' -0-i~ (1-Chloropropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 

67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132 -64 -9 
121-14-2 

Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlor0phenol 
Naphthalene 
4-Chloroaniline 
bis (2-Chloroethoxy) methane 
Hexachlorobutadiene 
4-Chlor0-3-1~~thylphenol 
2-Methylnaphthalene 
Hexachlo~clopentadiene 
2,4,6-Trichlomphenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzof wan 
2,4-Dinitrotoluene 



fe* 1 ,ceP . r  
1D EPA SAMPLE 50. 

SEDIIVOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT5 

Lab Code: ENVSYS Case No. : IT5 SAS No.: SDG No. : IT5 

Matrix: (soil/water) SOIL Lab Sample ID: 00092619 

Sample wt/vol: 30.0(g/m~) G Lab File ID: H73GC234 

~evel : (low/med) W Date Received: 09/08/00 

% Moisture: 9 Decanted : (Y/N) N Date Extracted: 09/15/00 

Concentrated Extract Volume : 1000 (UL) Date Analyzed: 09/17/00 

Inj ect ion Volume : 2.0 (UL) Dilution Factor: 1.0 

GPC Cleanup : (Y/N) N pH: 6.1 Extraction : (Type) SONC 

CAS NO. CmF'OUND 

Diethylphthalate 
Flwrene 
4-Chlorophenyl-phenylether 
4 -Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitmsodiphenylamine ( 1 ) 
4-~romphenyl-phenyletEer 
Hexachlorobenzene 
~entachlorophenol 
Phenant hrene 
Anthracene 
Carbazole 
~i-n-butylphthalate 
Fluoranthene 
m e n e  

k o  (a) anthracene 
Qlrysene 
bis (2 -Ethylhexyl) phthalate 
Di-n-octylphthalate 
m z o  (b 1 f luoranthene 
k z o  (kj fluoranthene 
Benzo (a) w e  
Indeno (l,2,3 -cd) pyrene 
Dihnzo (a, h) anthracene 
Benzo (g , h, i) perylene 
1,3-Dichlombenzene 
1,4-Dichlorobenzene 
1,2-Dichlorohnzene 
1,2,4-Trichlorbenzene 

C O N ~ T I O N  UNITS: 
(ug/L or ug/W UG/KG 

FORM I SV-2 



1G 
+**I, W y  

EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

-- Lab Name : ENVIROSYSTEMS, INC. Contract: IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No. : SM3 No.: ITS 

Matrix: (soil/water) SOIL Lab Sample ID: 00092619 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: H73GC234 

~evel: (low/d) Date Received: 09/08/00 

% Moisture: 9 Decanted: (Y/N) N Date Extracted: 09/15/00 

concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/17/00 

Inj ection Volume: 2.0(uL) 

GPC Cleanup: (Y/N) N pH: 6.1 

Number TICS found: 12 

Dilution Factor: 1.0 

Extraction: (Type) SONC 

FORM I SV-TIC 

CAS NUMBER 
=p------======35=P=' 

1. 
2. 
3. 1000152-27-1 
4. 
5. 
6. 
7. 
8. 74381-40-1 
9. 
10. 1454-85-9 
11. 629-96-9 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

COMPOUND NAME 
==PP====P====P===='========= 

UNKNOWN HYDRomRBOJS 
UNKNOWN 
CYCLOPENTENE, 1,2,3,3,4-PEHT 
UNKNOWN 
UNKNOWN 
l.lNmOm 
UNKNOWN 
PROPANOIC ACID, 2-METHYL-, 1 
UNKNOWN PH'IWALATE 
1 -HEPTADECANOL 
1 -EICOSANOL 
UNKNOWN 

RT 
00====== 

5.60 
6.79 
6.83 
7.44 
7.53 
8.42 
9.43 
17.13 
20.06 
25.65 
27.19 
29.50 

EST. CONC. 
=re========== 

180 
130 
79 
100 
360 
190 
120 
250 
120 
110 
81 
170 

Q 

5 7  
JBT 
N J T  
JBT 
JBT 
J 3' 
J 3  
N J T  
JB? 
NJT 
NJT 
J 3 
- 
- 
- 
- - - 

- 
- - 



1C 
SEMIVOLATILE ORGANICS AMSLYSIS JXTA SHEET 

Lab Name: ENVIROSYSTEMS, INC. Contract: ITS 

Lab Code : ENVSYS Case No. : ITS SAS No.: SDG No. : ITS 

Matrix: (soil/water) SOIL Lab Sample ID: 00092620 

Sample wt/vol: 30.0(g/mL) G Lab File ID: H73GC235 

~evel: (low/med) LDW Date Received: 09/08/00 

% Moisture: 6 Decanted : (Y/N) N Date Extracted: 09/15/00 

concentrated Extract Volume: 1000 (UL) Date Analyzed: 09/17/00 

Injection Volume : 2.O(UL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.7 Extraction: (Type) SONC 

C O N ~ T I O N  UNITS : 
CAS No. COMPOUND (ug/L or ug/Kg) W/KG 

FORM I SV-1 

108-95-2 
111-44-4 
95-57-8 
95 -48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
87-68-3 
59-50-7 
91-57-6 
77 -4 7 - 4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132-64-9 
121-14 -2 

350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
1700 
350 
700 
350 
350 
700 
350 
350 
350 
350 
350 
1700 
350 
350 
350 
1700 
350 
350 
1700 
350 
350 

Ph-I. 
bis (2-Chloroethyl) Ether 
2-Chlor0phen01 
2 -Methylphenol 
2,2 ' -0-i~ (1-Chloropropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4-Chloroaniline 
bis (2-Chloroethoxy) methane 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
21416-Trichlor0phenol 
2,4,5-Trichloropheno1 
2-Chloronaphthalene 
2-Nitroaniline 
Dimthylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 'Ur 
U 
U 
U 



ID 
SEMIVOLATILE ORGANICS ANALYSIS DATA s?IEET 

-. Lab Name: ENVIROSYSTEMSI INC. Contract : IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No. : SDG No.: IT5 

mtrix: (soil/water) SOIL Lab Sample ID: 00092620 

Sample wt/vol: 30 .O (g/mL) G Lab File ID: H73GC235 

~evel:   OW/&) Date Received: 09/08/00 

% ~oisture: 6 Decanted: (Y/N)N Date Extracted: 09/15/00 

concentrated Extract Volume : 1000 (uL) Date Analyzed: 09/17/00 

Injection Vol- : 2.0(uL) Dilution Factor: 1.0 

~ ~ ~ ~ 1 e a n u . p :  (Y/N) N pH: 6.7 Extraction: (Type) sw 

CAS NO. COMPOUM) 

84-66-2 Diethylphthalate 
86 - 73 - 7 Fluorene 

7005-72-3 4 -Chlorophenyl-phenylether 
100-01-6 4 -Nitroaniline 
534-52-1 4,6-Dinitro-2-methylphenol 
86-30-6 N-Nitrosodiphenylamine (1) 
101-55-3 4-Brmphenyl-phenyletKer 
118-74-1 Hexachlorobenzene 
87-86-5 Pentachlorophenol 
85-01-8 Phenanthrene 
120 - 12 -7 Anthracene 
86 -74 - 8 carbazole 
84-74-2 Di-n-butylphthalate 
206-44-0 Fluoranthem 
129-00-0 p U r a  
85 -68 -7 Butylbenzylphthalate 
91-94 -1 3,3 ' -Dichlombenzidine 
56-55-3 Benzo(a)anthracene 
218-01-9 Quysene 
117-81-7 bis (2 -Ethylhexyl) phthalate 
117-84-0 Di-n-octylphthalate 
205-99-2 Benzo(b)fluoranthene 
207-08-9 Benzo (k) f lwranthene 
50-32-8 m z o  (a) pyrene 
193-39-5 Indeno(l,2,3-cd)pyrene 
53-70-3 Dibenzo(a,h)anthracene 
191-24-2 Benzo (g, h, i) perylene 
541-73-1 1,3 -Dichlo&nzene 
106-46-7 1,4-Dichlorobenzene 
95-50-1 1,2-Dichlorobenzene 
120-82-1 1,2,4-Trichlorbenzene 

CONcxNTRATION UNITS: 
(ug/L or ug/Kg) UG/W Q 

FORM I SV-2 OIM04.2 



1G FU*f'wy EPASAMPLBNO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab ~ a m e  : ENVIROSYSTEMS, INC. Contract: IT5 

Lab Code : ENVSYS Case No.: IT5 SAS No.: SDG No.: IT5 

~atrix: (soil/water) SOIL Lab Sample ID: 00092620 

Sample wt/vol : 30.0 (g/mL) G Lab File ID: H73~~235 

~ e v e l :  (low/med) IX>W Date Received: 09/08/00 

% ~oisture: 6 Decanted: (Y/N) N Date Extracted:09/15/00 

Concentrated Extract Volume: 1000 ( a )  Date Analyzed: 09/17/00 

Injection Vol- : 2.0(~) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.7 Extraction : (Type) S m c  

'ION UNITS: 
I/%) ug/Kg Number TICS found: 28 ( 

EST. CONC. ------------- ----- ------------- I Q I  ----- CAS NUMBER 
--I--pSPPP=I===SP=== 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 57-10-3 
12. 56554-86-0 
13. 6624-79-9 
14. 
15. 
16. 
17. 
18. 
19. 
20. 1000210-38-4 
21. 
22. 630-06-8 
23. 
24. 83-47-6 
25. 
26. 
27. 
28. 1058-61-3 
29. 
30. 

180 J T 
75 J 5 
85 JBT 
120 J T 

CDMPOUND NAME 
===i='====P======='P=pI=-========= 

UNKNOWN HYDROCXBON 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
-UNKNOWN 
UNI(NOWN 
lJNKmWN 
UNKNOWN PHTHZUATE 
UNKNOWN 
N-HEXADECANOIC ACID 
17-OCCN3ECENAL 
1 -DO'IXWBNTANOL 
l.JNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN HYDROCARBON 
UNKNOWN 
11'7- ( 1 , 5 - D I V )  -10, 

UNKNOWN 
HEXATRIACONTANE 
UNKNOWN 
.GAMMA.-SITOSTEROL 
UNKNOWN 
-OWN 
UNKNOWN 
STIGMAST-4-EN-3-ONE 

FORM I SV-TIC OTM04.2 



1C 
=hlb2, Cd'y 

EPA SAMPLE NO. #eW 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: ENVIROSYSTEMS, INC. 
1.4 

Contract: IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No.: SDG No.: IT5 

~atrix: (soil/water) SOIL Lab S q l e  ID: 00092621 

Sample wt/vol: 30.0(g/mL) G ' Lab File ID: H73GC236 

~ ~ - 1 :  (low/med) mW Date Received: 09/08/00 

% Moisture: 11 Decanted : (Y/N) N Date Extracted: 09/15/00 

Concentrated Extract Volume: 1000 (UL) Date Analyzed: 09/17/00 

Injection Volume: 2.0(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 7.5 Extraction: (~ype)  SONC 

CAS NO. COMPOUM) 
rncENTRATI0N UNITS: 
(ug/L Or ug/q) U G / E  Q 

8- 

FORM I SV-1 

108-95-2 
111 -44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132 - 64 - 9 
121-14-2 

Phenol 
bis  (2-Chloroethyl) Ether 
2-Chlo~hen01 
2-Methylphenol 
2,2 '-mis(l-Chloropmpane) 
4-Methylphenol 
N-Nitroso-di-n-pmpylamine 
Hexachloroethane 
Nitrobenzene 
I~ophOr~ne 
2-Nitrophenol 
2,4-Dimethylpheml 
2,4-Dichlomphenol 
Naphthalene 
4 -Chlomaniline 
bis (2-Chlomethaxyl) methane 
Hexachlorobutadiene 
4-Chl0r0-3-methylphenol 
2 -MetWlmphthalene 
~exachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzof wan 
2,4-Dinitrotoluene 

370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
1800 
370 
740 
370 
370 
740 
370 
370 
370 
370 
370 
1800 
370 
370 
370 
1800 
370 
370 
1800 
370 
370 

U 
U 
U 
U 
,U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U u r  
U 
U 
U 



1D a* 1, Copy EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEGT 

~ d b  Name : mROSYSTEMSI INC . Contract: IT5 

~ d b  Code : ENVSYS Case No. : IT5 SAS No.: SDG No. : IT5 

mtrix: (soil/water) SOIL Lab Sample ID: 00092621 

Sample wt/vol: 30.0(g/mL) G Lab File ID: H73GC236 

~evel: (low/med) Date Received: 09/08/00 

% Moisture: 11 Decanted : (Y/N) N Date Extracted: 09/15/00 

concentrated Extract Volume : 1000 (UL) Date ~nalyzed: 09/17/00 

~njection Volume: 2.0(UL) Dilution Factor: 1.0 

GPC cleanup : (Y/N) N pH: 7.5 Extraction: (Type) SOW 

CONCENIXATION UNITS: 
CAS NO. c m m ~ ~ ~  (ug/L or u g / W  =/KG Q 

Diethylphthalate 
Fluorene 
4 -Chlorophenyl -phenylether 
4 -Nitroaniline 
4,6-Dinitro-2 -methylphenol 
N-Nitrosodiphenylamine (1) 
4-~romophenyl-phenyletEer 
Hexachlorobenzene 
pentachlorophenol 
phenanthrene 
Anthracene 
carbazole 
Di-n-butylphthalate 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
~enzo (a) anthracene 
Qlrysene 
bis (2-Ethylhexyl) phthalate 
Di-n-octylphthalate 
m z o  (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
~ndeno (l,2,3 -cd) pyrene 
~ibenzo (a, h) anthracene 
Benzo (g, h, i) perylene 
1,3-Dichlorobenzene 
1,4 -Dichlorobenzene 
1,2 -Dichlorobenzene 
1,2,4-Trichlorbenzene 



1G 
~ N C I ,  M y  

EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS-ANALYSIS DATA 

TENIRTIVELY IDENTIFIED D S  

+.. Lab Name : ENVIROSYSTEMS, INC. Contract: ITS 

Lab Code: ENVSYS CaseNo.: IT5 SAS No. : SDG No.: ITS 

mtrix: (soil/water) SOIL Lab Sample ID: 00092621 

sample wt/wl: 30.0 (g/mt) G Lab File ID: H73GC236 

bvel: (low/med) Date Received: 09/08/00 

% Moisture: 11 Decanted: (Y/N) N Date Extracted:09/15/00 

concentrated Extract Volume : 1000 (uL) Date Analyzed : 09/17/00 

Injection Volume : 2.O(uT-1) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N p ~ :  7.5 Extract ion: (Type) SONC 

Number TICS found: 9 
C O N ~ T I O N  UNITS: 

(ug/L or ug/Kg) ug/Q 

CAS NUMBER 
==p========i=====o== 

1. 
2. 
3 .  

m U N D  NAME 
----=----------------------- ---- ----------------------- 
UNKNOWN HYDRocARmN 
UIwNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
PROPANOIC ACID, 2-bETHYL-, 1 
UNKNOWN PHTHALATE 
u.NKNowN 

FORM I SV-TIC OIM04.2 

RT 
=I====== 

5.62 
6.80 
6.84 

EST. CONC. 
=1=1========= 

160 
130 
83 

Q .  
30011 

JB T 
JBT 
JBT 



1C 
k k l ,  wy 

EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEEX 

Lab blame: ENVIROSYS-, INC. Contract: IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No. : SDG No.: IT5 

mtrix: (soil/water) SOIL Lab Sample ID: 00092622 

Sample -/MI: 30.0 (g/rnL) G Lab File ID: H73GC239 

~evel: (low/med) Date Received: 09/08/00 

% Moisture: 11 Decanted : (Y/N) N Date Extracted: 09/15/00 

concentrated =tract Volume : 1000 (a) Date Analyzed: 09/17/00 

Injection V o l W :  2.O(u.L) Dilution Factor: 1.0 

GPC cleanup : (Y/N) N pH: 7.0 Extraction: (Type) =C 

CONCENTRATION UNITS: 
CAS NO. CDMPOUND (ug/Lorug/~g) =/KG Q 

108-95-2 
111-44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67 - 72 - 1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
8 7 - 68 - 3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132 -64 -9 
121-14-2 

370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
1800 
370 
740 
370 
370 
740 
370 
370 
370 
370 
370 
1800 
370 
370 
370 
1800 
370 
370 
1800 
370 
370 

Ph-1 
bis (2-Chloroethyl) Ether 
2-Orlorapha01 
2-Methylphenol 
2t2'-wis(l-Orloropropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
1 ~ 0 p h O m  
2-Nitrophenol 
2,4-Dimethylphxml 
2,4-Dichloropheml 
Naphthalene 
4-Orloroaniline 
bis (2-Chloroethoxy) methane 
Hexachlorobutadiene 
4-Qlloro-3-mthylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2r4t6-Tri~hl~rophenol 
2,4,5-Trichlorophenol 
2-Orloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Didtrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrapheno1 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U uJ 
U 
U 
U 



1D EPA SAMPLE NO. 
SEXTVOLATILE ORGANICS ANALYSIS DATA SHEET 

r 4  

Lab Name: ENVIROSYS-, INC. Contract: IT5 

~ a b  Code : ENVSYS Case No. : ITS SAS No.: SDG No. : ITS 

I Matrix: (soil/water) SOIL ~ a b  Sample ID: 00092622 

Sample wt/vol: Lab File ID: H73GC239 

~evel: (low/med) mw Date Received: 09/08/00 

% Moisture: 11 Decanted: (Y/N) N Date Extracted: 09/15j100 

concentrated Extract Volume : 1000 (uL) Date Analyzed: 09/17/00 

Inj ect ion Volume : 2.0(uL) Dilution Factor: 1.0 

GPC cleanup: (Y/N) N pH: 7.0 Extraction: (Type) s m  

CAS NO. COMPOUND 

Diethylphthalate 
~ l u o e  
4-Chlorophenyl-phenylether 
4 -Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine ( 1 ) 
4 -Bromophenyl -phenyletEer 
Hexachlorobenzene 
~entachlorophenol 
phenanthrene 
Anthracene 
Carbazol e 
~i-n-butylphthalate 
Fluoranthene 
mene 
&tylbenzylphthalate 
3,3'-Dichlorobenzidine 
~ e n z o  ( a) anthracene 
cm'sene 
bis (2-Ethylhexyl) phthalate 
Di-n-octylphthalate 
~enzo (b) f luoranthene 
Benzo (k) f luoranthene 
Benzo (a) pyrene 
Indeno (l,2,3 -cd) pyrene 
Dibenzo (a, h) anthracene 
Benzo (g, h, i) perylene 
l,3 -Dichlorobenzene 
1,4 -Dichlorobenzene 
1,2 -Dichlorobenzene 
1,2,4-Trichlorbenzene 

COKEWTRATION UNITS : 
(ug/L or ug/Kg) UG/E Q I 



1G +ah I, CPPY E3A SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TEWIXTIVELY IDENTIFIED tOMPOUNDS 

Lab Name : ENVIROSYSTEMS , INC . Contract : IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No.: SDG No.: IT5 

Matrix: (soil/water) SOIL Lab Sample ID: 00092622 

Sample wt/vol: 30.0 (g/mt) G Lab File ID: ~ 7 3 ~ ~ 2 3 9  

~evel: (low/med) UIW Date Received: 09/08/00 

% Moisture: 11 Decanted: (Y/N) N Date Ektracted:09/15/00 

Concentrated Extract Volume : 1000 (UL) 

Injection Volume: 2.0(UL) 

GPCCleanup: (Y/N) N pH: 7.0 

Number TICS found: 10 

Date Analyzed: 09/17/00 

Dilution Factor: 1.0 - 

Extraction: (Type) SONC 

CONCENTF?ATION UNITS: 
(ug/L or ug/Kg) ug/Kg 

FORM I SV-TIC 

CAS NUMBER 
,,====IPI=PI===PI=I= 

1. 
2. 
3. 
4 1000154-28-6 
5. 
6. 
7. 
8. 
9. 
10. 74685-29-3 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

COMPOUND NAME 
==P==I=P===D====Prl====:===== 

UNKNOWN HYDROCARBON 
UNKNOWN HYDROCARBON 
UNKNOWN 
C Y C L O P ~ ,  1,2,3,4,S-PENT 
UNKNOWN 
UIWNOWN 
UNKNOWN 
UNXNOWN 
UNKNOWN PHTHMATE 
9-EICOSENE, (E) - 

- - - - - - 
- - - 
- 

RT 
=====I== 

5.60 
5.76 
6.79 
6.83 
7.39 
7.44 
7.52 
17.13 
20.06 
25.64 

19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

- 

EST. CONC. 
=p=========== 

190 
76 
140 
96 
81 
120 
280 
190 
82 

Q 
===== 
JB 
JB T 
JB 
JBT 
J B I  
JBT 
JBT 
J 
JBT 

8 3 : ~ ~ 3  
- - - - - 
- 



IC ~ ~ I K X ,  wr EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

1, lab N-: ENVIROSYSTIMS, INC. Contract : IT5 

1 Lab Code : ENVSYS Case No. : IT5 SAS No. : Sm NO. : IT5 

/ Matrix: (soil/water) SOIL Lab Sample ID: 00092623 

/ Sample wt/wl: 3O.O(g/mL) G Lab File ID: H73~~240 
I 

~evel : (low/med) Date Received: 09/08/00 

% Moisture: 11 Decanted: (Y/N) N Date Extracted: 09/15/00 

Concentrated =tract Volume : 1000 (uL) Date Analyzed: 09/17/00 

Inject ion Volume : 2.O(ut) Dilution Factor: 1.0 

GPC cleanup : (Y/N) N pH: 6.2 Extract ion : (Type) S m C  

CAS NO. COMPOUND 

1 Phenol 
bis (2-CMoroethyl) Ether 1 2-Chlorophenol 
2 -Methylphenol 
2,2 -*is (1-Chlorupropane) 
4 -Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
~sophomne 
2 -Ni trapheno1 
2,4-Dimethylphenol 
2,4 -Dichlorophenol 
Naphthalene 
4-Chloroaniline 
bis (2 -Chloroethoxy) methane 
Hexachlorobut adiene 
4-Chloro-3-mthylphenol 
2 -Methylnaphthalene 

2 ; 4, 5-Trichloro$mm 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
~cenapht hylene 
3 -Nitroaniline 
Acenapht hene 
2,4-Dinitrophenol 
4 -Nitrophenol 
Dibenzof uran 
2,4-Dinitrotoluene 

FORM I m - 1  OIW04.2 / 



EPA SAMPLE No. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name: ENVIROSYST13Gt INC. Contract: ITS 

Lab Code : ENVSYS Case No. : IT5 SAS No. : S I X  No.: IT5 

~ t r i x :  (soil/water) SOIL Lab Sample ID: 00092623 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: H73GC240 

Level : (low/md) Date Received: 09/08/00 

% Moisture: 11 Decanted : (Y/N) N Date Extracted: 09/15/00 

Concentrated Extract Volume : 1000 (uL) Date Analyzed: 09/17/00 

Injection VoluIW : 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.2 Extraction: (Type) SONC 

CONCENTRATION UNITS: 
CAS NO. CnMPOuND (ug/L or ug/W m/KG Q 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86 - 3 0 - 6 
101-55-3 
118-74-1 
87-86-5 
8 5 - 0 1 - 8 
120-12-7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 
85-68-7 
91-94-1 
56-55-3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
191-24-2 
541-73-1 
106-46-7 
95-50-1 
120-82-1 

370 
370 
370 
1800 
180 
370 
370 
370 
1800 
370 
370 
370 
330 
370 
370 
370 
740 
370 
370 
120 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 

Diethylphthalate 
Fluorene 
4-Chlomphenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Ni trosodiphenylamine (1 ) 
4-Bromophenyl-phenyletEer 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 

Butylbenzylphthalate 
3,3'-Dichlombenzidine 
Benzo (a) anthracene 
Qlrysene 
bis(2-Ethylhexy1)phthalate 
Di-n-octylphthalate 
Benzo (b) f luoranthene 
Benzo (k) fluoranthene 
Benzo(a)pyrene 
Indeno(lt2,3-cdlpyrene 
~ibenzo(a,h)anthracene 
~enzo(g,h,i)perylene 
1,3-Dichlorobenzene 
1,4 -Dichlorobenzene 
l,2-Dichlorobenzene 
1,2,4-Trichlorbenzene 

U 
u 
U 
U 
U #' 
U 
u 
U -- - 
U 
u 
U 
U 
JBF& 
U 
U 
U 
U 
U 
u 
~ 1 3 2 %  
U fl 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

-- 



EPA SAMPLE NO. -- - - -  
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED CWPOUNDS 

- Lab Name : ENVIROSYSTEMS, INC. Contract: IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No.: SDG No. : IT5 

~atrix: (soil/water) SOIL Lab Sample ID: 00092623 

Sample wt/vol : 30.0 (g/mL) G Lab File ID: H73GC240 

~evel: (low/med) Date Received: .09/08/00 

% Moisture: 11 Decanted: (Y/N) N Date Wracted:09/15/00 

concent rated EKt ract Volume: 1000 (uL) Date Analyzed: 09/17/00 

Injection Volume: 2.0(uL) 

GPC Cleanup: (Y/N) N pH: 6.2 

Number TICS found: 7 

Dilution Factor: 1.0 

Extraction: (Type) SONC 

FORM I SV-TIC 

CAS NUMBER 
___^__-__----------- ,,,,,,,,------------ 

1. 
2. 
3. 1000154-28-6 
4. 
5. 
6. 74381-40-1 
7. 
8. 
9. 
10. 
11. 
12. 
13. 

COMPOUND NAME ............................ ---------------------------- 
UNKNOWNHYD- 
UNKNOWN 
CYWPENTENE, 1,2,3,4,5-PENT 
UNKNOWN 
lJNlUmWN 
PROPANOIC ACID, 2-METHYL-, 1 
UNKNOWN PHTHALATE 

CL 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

- - 
- - - 
- 
- - - 

RT -_______ -------- 
5.62 
6.79 
6.84 
7 -45 
7.53 
17.13 
20.06 

EST. CONC. 
=======BPI--- 

190 
140 
89 
110 
300 
280'NJ 
110 

Q ----- 
JB 3. 
JB 
NJBT 
JB r 
JB 
T 

JB T 
- 
- - - 



1C + '  x, EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET . 

Lab N m  : mROSYSTEMS, INC . Contract: IT5 --. 

Lab Code : ENVSYS Case No. : IT5 SAS No. : SIX NO.: IT5 

wtrix: (soil/water) SOIL Lab Sample ID: 00092627 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: H73GC241 

~evel: (low/md) WW Date Received: 09/08/00 

% Moisture: 10 Decanted : (Y/N) N Date Extracted: 09/15/00 

concentrated Extract Volume: 1000 (a) Date Analyzed: 09/17/00 

Injection Volume : 2.0(&) Dilution Factor: 1.0 

GPC Cleanup : (Y/N) N pH: 6.1 Extraction: (~ype)  SONC 

CAS NO. 

Phenol 
bis (2 -Chloroethyl) Ether 
2-Qllorophenol 
2 -Methylphenol 

N-~it GsG-di -n-propylamine 
Hexach.1 oroe t hane 
Ni trobenzene 
~saphorone 
2 -Nit rophenol 
2,4 - ~ i 6  thylphenol 
2,4-Dichlorophenol 
~aphthalene 
4-Chloroaniline 
bis (2-Chloroethoxy) methane 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trido~henol 
2,4,5-Trichlorophenol 
2 -Chloronaphthalene 
2 -Nit roanil ine 
~imethylphthalate 
2,6-Dinitrotoluene 
wenaphthylene 
3-Nitroaniline 
~cenaph t hene 
2,4 -Dini t rophenol 
4 -Ni trophenol 
~ibenzo furan 
2,4 -Dinitrotoluene 

CONCENTRATION UNITS: 
(ug/L or ug/W UG/m Q 



1D cFakTJDPU EPASAMPLENO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

- Lab Name: ENVIROSYS'IEMS, INC. Contract: IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No. : SDG No. : IT5 

Matrix: (soil/water) SOIL Lab Sample ID: 00092627 

sample wt/vol: 30.0 (g/mL) G Lab File ID: H73GC241 

Level: (low/&) IDW Date Fieceived: 09/08/00 

% Moisture: 10 Decanted: (Y/N) N Date Extracted: 09/15/00 

Concentrated Extract Volume: 1000 (LIT,) Date Analyzed: 09/17/00 

Injection Volume: 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 6.1 Extraction: (Type) SONC 

CAS NO. cx3lmZlMD 
DNCEWIBATION UNITS: 
:ug/L or u g / W  W/KG Q 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
86 -30-6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7 
86-74-8 
84-74-2 
206-44-0 

' 129-00-0 
85-68-7 
91-94 - 1 
56-55-3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
207-08-9 
50-32 -8 
193-39-5 
53-70-3 
191-24 -2 
541-73-1 
106-46-7 
95-50-1 
120-82-1 

Diethylphthalate 
Fluorene 
4-Chlorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-Brmphenyl-phenyletKer 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
= m e  
Butylbenzylphthalate 
3,3 -Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 
bis (2 -Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo (b) f luoranthene 
Benzo (k) f luoranthene 
Benzo (a) pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenzo(a,h)anthracene 
~enzo (g, h, i) perylene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
l,2,4-Trichlorbenzene 



1G anh~ CQPT EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

I TENTATIVELY IDENTIFIED CTMPOUNDS 

Lab Name : ENVIROSYSTEMS, INC. Contract : ITS 

Lab Code : ENVSYS Case No. : IT5 SAS No.: SDG No. : IT5 

Matrix: (soil/water) SOIL Lab Sample ID: 00092627 ~ 
Sample wt/vol: 30.0 (g/a):G Lab File ID: ~ 7 3 ~ ~ 2 4 1  

~evel: (low/med) mW Date Received: 09/08/00 I 
% Moisture: 10 Decanted: (Y/N) N Date Extracted:09/15/00 I 
concentrated m r a c t  Volume: 1000 (UL) Date Analyzed: 09/17/00 

Injection VolUW: 2.O(uL) Dilution Factor: 1.0 I 
GPC Cleanup: (Y/N) N pH: 6.1 Extract ion: (Type) SONC I 

FORM I SV-TIC 

CO-TION UNITS: 
Number TICS found: 26 (ug/L or ug/Kg) ug/Kg 

CAS NUMBER 

1. 
2. 
3. 103-82-2 
4. 
5 .  74381-40-1 
6. 6627-88-9 
7. 124-25-4 
8. 
9 .  1002-84-2 
10. 
11. 506-12-7 
12. 
13. 57-11-4 
14. 19047-85-9 
15. 19047-85-9 
16. 
17. 74685-33-9 
18. 
19. 
20. 
21. 
22. 
23. 1599-67-3 
24. 1000214-20-7 
25. 
26. 
27. 
28. 
29. 
30. 

RT 
===p==== 

7.54 
8.42 
12.72 
13.92 
17.13 
18.31 
18.41 
19.24 
19.95 
20.48 
21.90 
22.62 
22.83 
23.93 
25.58 
26.37 
27.12 
29.07 
29.90 
29.98 
30.75 
30.99 
31.16 

1 31.36 
31.63 
31.95 

COMFOUM3 NAME 
P3P=PI=P=P====='==D=P======p 

UNKNOWN 
UNKNOWN 
BENZENERCETIC ACID 
UNKNOWN 
PROPANOIC ACID, 2-METHYL-, 1 
PHENOL, 2,6-DIME3ROXY-4- (2-P 
TETRADECANAL 
UNKNOWN 
PENTADECANOIC ACID 
UNKNOWN 
HEPTADECANOIC ACID 
tJNmOh'N 
CXXADECANOIC ACID 
PHOSPHONIC ACID, DIOCTADECYL 
PHOSPHONIC ACID, DIOCTADECYL 
UNKNOWN HYDROCARBON 
3 -EICOSENE, (E) - 
UNKNOWN 
UNXNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
1-DOCOSENE 
I S T I G M A S T E R O L ,  22,23-DIHYDRO- 

UNKNOWN 
UNKNOWN 

EST. CONC. 
=pp=====----- 

640 
230 
150 
300 
180 
320 
190 
450 
200 
420 
380 
490 
620 
410 
1400 
310 
1400 
200 
180 
140 
160 
270 
250 

1 
190 
340 

Q 

JB 
J 
N J T  
J T 
N J T  
N J ~  
NJJ 
J J' 
NJJ 
J 3 
N J J  
J 3' 
N J T  
NJT 
NJJ 
J r 
NJT 
J 3- 
J 7 
J J' 
J J' 
J T 
NJT 

370 I N J ~  
J 3' 
J 3- 
- 
- 



1c .fdk 1, COPY EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA 

- Lab ~ame: ENVIROSYSTEMS, INC. Contract: IT5 

~ a b  Code : ENVSYS Case No. : IT5 SAS No. : SDG No. : ITS 

~atrix: (soil/water) SOIL Lab Sample ID: 00092628 

Sample wt/vol: 30.0 (g/mt) G Lab File ID: H73GC272 

~evel: (low/med) LOW Date Received: 09/08/00 

% Moisture: 17 Decanted: (Y/N) N Date mracted: 09/15/00 

Concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/22/00 

Injection Vol- : 2.O(uL) Dilution Factor: 1.0 

GPC cleanup: (Y/N) N pH: 4.6 mraction: (Type) SONC 

CAS NO. mia'oUND 

Phenol 
bis (2-Chloroethyl) Ether ' 2-Chlorophenol 

1 2-Methylphenol 
1 2,2~-oxybis(l-Chloropropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroe t hane 
Nitrobenzene 
1sophOrone 
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4 -Chloroaniline 
bis (2-Chloroethoxy) methane 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopent adiene 
2,4,6-Trichlorophenol 
2,4,5 -Trichloropheml 
2-Chloronaphthalene 
2-Nitroaniline 
~imethylphthalate 
2,6-Dinitrotoluene 
~cenaphthylene 
3-Nitroaniline 
~cenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzof wan 
2,4-Dinitrotoluene 

CONCENTRATION UNITS: 
(W/L or ug/Kg) U G / E  Q 

. , -- p- - - 

FORM I SV-1 



1D EPASAMPLENO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : ENVIROSYSTEMS, INC. Contract: IT5 

Lab Code : RWSYS Case No. : IT5 SAS No. : SDG No.: ITS 

~atrix: (soil/water) SOIL Lab Sample ID: 00092628 

Sample wt/vol: 30.0(g/mL) G Lab File ID: H73GC272 

~evel: (low/~d) L D W  Date Received: 09/08/00 

% ~oisture: 17 Decanted : (Y/N) N Date Extracted: 09/15/00 

concentrated Extract Volume : 1000 (UL) Date Analyzed: 09/22/00 

FORM I sv-2 

Injection Volume: 2.O(uL) Dilution Factor: 1.0 

GPC cleanup: (Y/N) N PH: 4.6 Bctract ion : (Type) S ~ C  

CONcEwrRATION UNITS : 
CAS NO. COMPOUND (ug/L or u g /W UG/KG Q 

84-66-2 
86-73 -7 

7005-72-3 
100-01-6 
534-52-1 
86-30 - 6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 
85-68-7 
91-94-1 
56-55-3 
218-01-9 
117-81-7 . 

117-84-0 
205-99-2 . 
207-08-9 
50-32-8 
193-39-5 
53 - 70 - 3 
191-24-2 
541-73-1 
106-46-7 
95 -50 -1 
120-82-1 

400 
400 
400 
1900 
190 
400 
400 

- 400 
1900 
400 
400 
400 
320 
400 
400 
400 
800 
400 
400 
3100 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

Diethylphthalate 
Fluorene 
4-Chlorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine (1) 
4-Bromphenyl-phenyletEer 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
~nthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
pyrene 
Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo (a) anthracene 
-sene 
bis(2-Ethylhexy1)phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo (k) fluoranthene 
Benzo(a)pyme 
Indeno(l,2,3-cd)pyrene 
Dibenzo (a, h) anthracene 
~enzo (g, h, i) perylene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2 -Dichlorobenzene 
1,2,4-Trichlorbenzene 

U 
u 
U 
U 
U UT 
U 
U 
u - - 
u 
u 
u 
u 
J B ~  
U 
u 
U - 

U 
u 
u 
B 3 
U u? 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 

- -- 



1G a* I, @?Y EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEGT 

TENTATIVELY IDENTIFIED COMPOUNDS 

, Lab Name : ENVIR0SYSTEN.S , INC. Contract: ITS 

Lab Code : ENVSYS Case No. : IT5 SAS No. : SDG No. : IT5 

mtrix: (soil/water) SOIL Lab Sample ID: 00092628 

Sample wt/vol: 30.0 (g/niL) G Lab File ID: H73~~272 

~evel: (low/&) mw Date Received: 09/08/00 

% Moisture: 17 Decanted: (Y/N) N Date Ektracted:09/15/00 

Concentrated Extract volume: 1000 (uL) 

In j ect ion Volume : 2.O(u.L) 

GPC Cleanup: (Y/N) N pH: 4.6 

N&Y TICS found: 11 

Date Analyzed: 09/22/00 

Dilution Factor: 1.0 

Extract ion : (Type) SONC 

FORM I SV-TIC 

CAS NUMBER 
--p-g~======P=2sSP=P= 

1. 
2. 
3. 

.s. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 57-10-3 
11. 
12. 
13. 

COMPOUND NAME 
=91=PI===I==I=P==PI==5=====3 

UNKNOWN HYDRCCARBQN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 

'IJNKWWN 
UNKNOWN FTKEALATE 
N-HEXADECANOIC ACID 
lJJmKMN 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

- 

RT 
=======P 

5.46 
6.64 
7.30 
7.41 
8.28 
10.82 
12.57 
16.99 
19.91 
20.79 
30.68 
- - - 

- 
- 
- 

- 

- 

EST. CONC. 
=113===3---3= 

120 
96 
100 
620 
170 
120 
100 
270 
96 
140 
120 

Q ----- ----- 
J r 
JY' 
J T  
J r 
J r 
J 3- 
JT 
J 7 
~r 
N J f  
J Y- 



EPA SAMPLE NO. - - .  
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

Lab Name : DJVIROSYSTEMS, INC. Contract : IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No.: SDG No. : IT5 

Matrix: (soil/water) SOIL Lab Sample ID: 00092629 

Sample wt/vol : 30.0(g/mL) G Lab File ID: H73GC243 

~evel: (low/med) IXlW Date Received: 09/08/00 

% Moisture: 16 Decanted : (Y/N) N Date mracted: 09/15/00 

concentrated Extract Volume : 1000 (UL) Date Analyzed: 09/18/00 

Injection V o l u ~ :  2.0(UL) Dilution Factor: 1.0 

GPC cleanup : (Y/N) N pH: 5.4 Extract ion : (Type) SONc 

CAS NO. CoMmUUD 
CONCENTRATION UNITS : 
(ug/L or u g / W  U G / E  4 

FORM I SV-1 

108-95-2 
111-44-4 
95-57-8 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
120-83-2 
91-20-3 
106-47-8 
111-91-1 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
606-20-2 
208-96-8 
99-09-2 
83 -32 - 9 
51-28-5 
100-02-7 
132-64-9 
121-14-2 

Ph-1 
bis (2-Chlomethyl) Ether 
2-morophenol 
2-Methylphenol 
2,2 I-omis (1-Chloropropane) 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
I ~ o p h O ~  
2-Nitrophenol 
2,4-Dimethylphenol 
2,4-Dichlorophenol 
Naphthalene 
4-moroaniline 
bia(2-Chl0roethoxy)methane 
Hexachlorobutadiene 
4-moro-3-methylphen01 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
2,6-Dinitrotoluene 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 

390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
1900 
390 
790 
390 
390 
790 
390 
390 
390 
390 
390 
1900 
390 
390 
390 
1900 
390 
390 
1900 
390 
390 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U t r r  
U 
U 
U 



1D *6Uk s, C ~ P T  
EPA SAMPLE NO. 

SEMIVOLATILE ORGANICS ANALYSIS DATA SHEGT 

. -. ~ a b  Name : ENVIROSYSTEMSI INC. Contract: IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No.: SDG No. : IT5 

mtrix: (soil/water) SOIL Lab Sample ID: 00092629 

Sample wt/vol: 30.0 (g/mL) G Lab File ID: H73GC243 

~evel: (low/d) Date Received: 09/08/00 

% Moisture: 16 Decanted: (Y/N) N Date Extracted: 09/15/00 

concentrated Extract Volume : 1000 (UL) Date Analyzed: 09/18/00 

Injection Volume: 2.0 (UL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N pH: 5.4 Extraction: ( ~ y p e )  s m  

CAS NO. mMFQum 
CONCENTRATION UNITS: 
bg/L or ug/Kg) =/KG Q 

*" ~ 

FORM I SV-2 

84-66-2 
86-73-7 

7005-72-3 
100-01-6 
534-52-1 
8 6 - 3 0 - 6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120 -12 - 7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 
85-68-7 
91-94-1 
56 -55 -3 
218-01-9 
117-81-7 
117-84-0 
205-99-2 
2 07 - 08 - 9 
50-32-8 
193-39-5 
53 - 70 - 3 
191-24-2 
541 -73 -1 
106-46-7 
95 -SO - 1 
120-82-1 

Diethylphthalate 
Fluorene 
4-Chlorophenyl-phenylether 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Ni trosodiphenylamine ( 1 ) 
4-Bromphenyl-phenyletEer 
Hexachlombenzene 
Pentachlorophenol 
Phenanthrene 
~nthracene ' 

Carbazole 
Di-n-butylphthalate 
Fluoranthene 

Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo (a) anthracene 
Chrysene 
bis (2-Ethylhexyl) phthalate 
Di-n-octylphthalate 
Benzo (b) f luoranthene 
Benzo (k) f luoranthene 
Benzo(a)pyrene 
Indeno (l,2,3-cdlpyrene 
Dibenzo (a, h) anthracene 
~enzo (9, h, i) perylene 
1,3 -Dichlorobenzene 
114-Dichlorobenzene 
1,2 -Dichlorobenzene 
1,2, 4-Trichlorbenzene 

- 

- 

390 
390 
390 
1900 
190 
390 
390 
390 
1900 
390 
390 
390 
220 
390 
390 
390 
790 
390 
390 
58 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 
390 

u 
U 
u 
U 
u t\s 
U 
U 
U - .---- - -  

U 
u 
u 
u 
m;P92 
U 
U 
U 
U 
U 
u 
m.Y@ 
U i(r 
U 
U 
u 
u 
U 
U 
U 
u 
U 
U 



1G -k x, uf- f  EPA SAMPLE NO. 
SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET 

TENTATIVELY IDENTIFIED COMPOUNDS 

Lab N- : ENVIROSYSTEMS, INC. Contract: IT5 

Lab Code : ENVSYS Case No. : IT5 SAS No.: SDG No. : IT5 

Matrix: (soil/water) SOIL 

Sample wt/vol: 30.0 (g/mC) G 

Level: (low/med) I;OW 

Lab Sample ID: 00092629 

Lab File ID: H73GC243 

Date Received: 09/08/00 

% ~boisture: 16 Decanted: (Y/N) N Date Extracted:09/15/00 

concentrated Extract Volume: 1000 (uL) Date Analyzed: 09/18/00 

Inj ection Volume : 2.O(uL) Dilution Factor: 1.0 

GPC Cleanup: (Y/N) N 

Number TICS found: 7 

pH: 5.4 Extraction: (Type) SONC 

FORM I SV-TIC 

CAS NUMBER 
---------=====p=P==p 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 

RT 
==2=3=== 

5.61 
5.65 
7.44 
7.53 
17.13 
20.06 
25.60 

COMPOUND NAME 
............................ 
UNKNOWN HYDRoaRBON 
UNKNOWN 
lJNmOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN PHTHAIATE 
l.lNmOWN 

EST. CONC. 
=------I---I- 

87 
150 
140 
320 
250 
81 
140 

Q ----- ----- 
JBJ 
J 
JB 3' 
JBT 
J I' 
JBT 
J T 

- 



Appendix C 

Sample Location Descriptions 
and Photographs 



Appendix C 
Field Sampling Photographs 

Photo . C-l View of sample location MMAB2 within the Braddock Loam soil type ............................................. C-8 
Photo . C-2 Braddock Loam soil profile: surface (A horizon) and subsurface (B horizon) for sample location 

MMAB2 .............................................................................................................................................. C-8 
Photo . C-3 Braddock Loam soil profile: surface (A horizon) and subsurface (B horizon) for sanlple location 

MMAB3 .............................................................................................................................................. C-8 
Photo . C-4 View of sample location MMAB4 within the Braddock Loam soil type ............................................. C-8 
Photo . C-5 View from sample location MMAB4 within the Braddock Loam soil type ......................................... C-9 
Photo . C-6 View of sanlple location MMAU1 within the Unison-Urban Land Complex soil type ....................... C-9 
Photo . C-7 View of sample location MMAU2 within the Unison-Urban Land Complex soil type ....................... C-9 
Photo . C-8 Unison-Urban Complex soil profile: surface (A horizon) and subsurface (B and C horizons) for 

sample location MMAU2 .................................................................................................................... C-9 
Photo . C-9 View of sample location MMAU4 within the Unison-Urban Land Complex soil type ..................... C-10 
Photo . C-10 View of sample location MMAU4 hand auger soil cuttings ............................................................ C-10 
Photo . C-1 1 View of sample location MMAW I within the Wheeling Sandy Loam soil type ............................. C-10 
Photo . C-12 Wheeling Sandy Loam soil profile: surface (A horizon) and subsurface (B and C horizons) for 

sample location MMAW 1 ................................................................................................................. C-10 
Photo . C-13 Wheeling Sandy Loam soil profile: surface (A horizon) and subsurface (B and C horizons) for 

sample location MMAW3 ................................................................................................................. C-11 
Photo . C-14 View of sample location MMAW4 within the Wheeling Sandy Loam soil type ............................. C-11 
Photo . C-15 Wheeling Sandy Loam soil profile: surface (A horizon) and subsurface (B and C horizons) for 

sample location MMAW4 ................................................................................................................. C-l I 
Photo . C- 16 View of sample location NRUC2 within the Carbo Silty Clay Loam soil type ................................ C-11 

..-. Photo . C-17 Carbo Silty Clay Loam soil profile: surface (A horizon) and subsurface (B horizon) for sample 
location NRUC2 ................................................................................................................................ C-12 

Photo . C-18 View of sample location NRUC3 within the Carbo Silty Clay Loam soil type ................................ C-12 
Photo . C-19 Carbo Silty Clay Loarn soil profile: surface (A horizon) and subsurface (B horizon) for sample 

location NRUC3 ................................................................................................................................ C-12 
Photo . C-20 View of sample location NRUC4 within the Carbo Silty Clay Loam soil type ................................ C-12 
Photo . C-21 Carbo Silty Clay Loam soil profile: surface (A horizon) and subsurface (B and C horizons) for 

sample location NRUC4 ................................................................................................................... C-13 
Photo . C-22 View of sample location NRUG I within the Groseclose and Poplimento Silt Loam soil type ....... C-13 
Photo . C-23 Groseclose and Poplimento Silt Loam soil profile: surface (A horizon) and subsurface (B and C 

horizons) for sample location NRUGI ............................................................................................. C-I 3 
Photo . C-24 Groseclose and Poplimento Silt Loam soil profile: surface (A horizon) and subsurface (B and C 

horizons) for sample location NRUG3 ............................................................................................. C-13 
........ Photo . C-25 View of sample location NRUG4 within the Groseclose and Poplimento Silt Loam soil type C-14 

Photo . C-26 Groseclose and Poplimento Silt Loam soil profile: surface (A horizon) and subsurface (B and C 
horizons) for sample location NRUG4 ............................................................................................. C-14 

Photo . C-27 Lowell Silt Loam soil profile: surface (A horizon) and subsurface ( B  and C horizons) for sample 
location NRUL2 ................................................................................................................................ C-14 

......................................... Photo . C-28 View of sample location NRUL? within the Lowell Silt Loam soil type C-14 
Photo . C-29 Lowell Silt Loam soil profile: surface (A horizon) and subsurface (B and C horizons) for sample 

location NRUL3 ................................................................................................................................ C-15 
......................................... Photo . C-30 View of sample location NRUL4 within the Lowell Silt Loam soil type C-15 

Photo . C-3 1 Lowell Silt Loam soil profile: surface (A horizon) and subsurface (B and C horizons) for sample 
location NRUL3 ................................................................................................................................ C-15 

........ Photo . C-32 View of sample location NRUWI within the Wurno-Newbern-Faywood Silt Loam soil type C-15 
Photo . C-33 Wurno-Newbern-Faywood Silt Loarn soil profile: surface (A horizon) and subsurface (B and C 

horizons) for sarnple location NRUW 1 ............................................................................................. C-16 
.- Photo . C-34 Wurno-Newbern-Faywood Silt Loam soil profile: surfiice (.4 horizon) and subsurface (B and C 

horizons) for sample location NRUW2 ............................................................................................. C-16 



Appendix C 
Field Sampling Photographs (Continued) 

Photo. C-35 View of sample location NRUW4 within the Wurno-Newbern-Faywood Silt Loam soil type ........ C-16 
Photo. C-36 Wurno-Newbern-Faywood Silt Loam soil profile: surface (A horizon) and subsurface (B and C 

horizons) for sample location NRUW4 ............................................................................................ C-16 





a deciduous tree forest (e.g., tulip poplar, oak, and maple). Trees were approximately 40-50 ft tall, with a represen- 
tative tree circumference of 5 ft 5 in. (21 in. diameter), indicating that the trees were approximately 65-75 years old. 

The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C) were identified and sam- 
pled. One soil sample was collected from each horizon and analyzed for metals and pH: MMAU3A (0-9 in. bgs), 
MMAU3B ( 9 4 2  in. bgs), and MMAU3C (42-72). Additionally, one duplicate soil sample was collected from the 
B horizon and analyzed for metals and pH: MMAU3BD ( 9 4 2  in. bgs). 

MMAU4. Sample location MMAU4 was in the eastern portion of the MMA, 70 ft south and outside of the 
fence surrounding Building 3904. The boring was positioned approximately 15 ft upslope of a former railroad track 
and 40  ft up a steep incline into a deciduous tree forest (e.g., oak and maple), where trees averaged 40-50 ft tall. 

The boring was advanced with a hand auger to a depth of 6.5 ft bgs. Hand auger refusal occurred at a depth of 
6.5 ft bgs due to large stones and highly compacted soil. Three soil horizons (A, B, and C) were identified and sam- 
pled. One soil sample was collected from each horizon and analyzed for metals and pH: MMAU4A (0-10 in. bgs), 
MMAU4B (10-58 in. bgs), and MMAU4C (58-76 in. bgs). 

MMAW1. Sample location MMAWI was in the northeastern portion of Horseshoe Area, approximately 65 ft 
north of Gate 19-C. The boring was positioned approximately 45 ft inside a pine tree forest, where trees were esti- 
mated to be 40 ft tall. 

The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C) were identified and sam- 
pled. One soil sample was collected from each horizon and analyzed for metals and pH: MMAWIA (0-12 in. bgs), 
MMAWlB ( 1 2 4 8  in. bgs), and MMAWlC (48-72). 

MMAW2. Sample location MMAW2 was in the north central portion of Horseshoe Area. The boring was 
positioned approximately 115 ft south of the road and 60 ft inside a pine and deciduous tree stand (e.g., oak and ma- 
ple). Trees were approximately 40-50 ft tall with a representative pine tree circumference of 3.6 ft (14 in. diameter). 

The boring was advanced to a depth of 7.5 ft hgs. Three soil horizons (A, B, and C) were identified, sampled, 
and field-screened for RDX and TNT. Screening results indicated the absence of these explosive constituents. Fol- 
lowing screening analysis. one soil sample was collected from each horizon and analyzed for SVOCs, VOCs (B and 
C horizons), metals, and pH: MMAW2A (0-7 in. bgs), MMAW2B ( 7 4 8  in. bgs), MMAW2C (48-60 in. bgs). 

A matrix spike and matrix spike duplicate (MSMSD) sample was collected from the B horizon and analyzed 
for VOCs, SVOCs. metals and pH: MMAW2B (7-48 in. bgs). Additionally, a duplicate sample was collected from 
the C horizon and analyzed for VOCs, SVOCs, metals, and pH: MMAW2CD (48-60 in. bgs). 

MMAW3. Sample location MMAW3 was in the north central portion of the Horseshoe Area within a %-acre 
radius of boring MMAW2. The boring was positioned 5 1 ft south of MMAW2 and approximately 1 11 ft. inside a 
loblolly pine tree stand, 166 ft south from the roadway. 

The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C) were identified and sam- 
pled. One soil sample was collected from each horizon and analyzed for metals and pH: MMAW3A (0-12 in. bgs), 
MMAW3B (12-48 in. bgs), and MMAW3C (48-60 in. bgs). Additionally, one duplicate soil sample was collected 
from the C horizon and analyzed for metals and pH: MMAW3CD (48-60 in. bgs). 

MMAW4. Sample location MMAW4 was in the northwestern portion of Horseshoe Area, 50 ft north of Gate 
19-1, outside the fence, and approximately 50 ft south of the New River. The boring was positioned upgradient and 
approximately 65 ft north of the road, along a grassy area, approximately 20 ft inside the deciduous tree (e.g., locust 
and maple) and brush line. 

The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C) were identified and sam- 
pled. One soil sample was collected from each horizon and analyzed for metals and pH: MMAW4A (0-9 in. bgs). 
MMAW4B (9-42 in. bgs), and MMAW4C (42-72). 

New River Unit 

NRUC1. Sample location NRUC I was east ol'Magazine 1 1  25, on a moderate slope, upgradient and approxi- 
mately 100 t't north of 12th Street. The boring was positioned in a tree stand containing pine. cedar, and deciduous 
(e.g., cherry) trees interspersed with grassy areas. Trees were approximately 15-30 ft tall, with a representative de- 
cicluous tree circumference of 3 ft ( 1  2 in. diamcler). 



~ - The boring was advanced to a depth of 7.5 ft bgs. Both the A and B soil horizons were identified and sampled. 
Each soil horizon was field-screened for RDX and TNT. Screening results indicated the absence of these explosive 
constituents. Following screening analysis, one soil sample was collected from each horizon and analyzed for 
SVOCs, VOCs (B horizon), metals and pH: NRUC 1A (0-1 1 in. bgs) and NRUC 1 B ( 1 1-72 in. bgs). Additionally, 
one MS and MSD sample was collected from the B horizon and analyzed for VOCs, SVOCs, metals, and pH: 
NRUC 1B (1 1-72 in. bgs). 

NRUC2. Sample location NRUC2 was east of Magazine 1125, on a moderate slope, upgradient and co- 
located within a %-acre radius of NRUCI. The boring was positioned approximately 120 ft from the road in a tree 
stand containing pine, cedar, and deciduous (e.g., cherry) trees interspersed with grassy areas. Trees were approxi- 
mately 15-30 ft tall, with a representative deciduous tree circumference of 3 ft (12 in. diameter). 

The boring was advanced to a depth of 7.5 ft bgs. Both the A and B soil horizons were identified and sampled. 
One soil sample was collected from each horizon and analyzed for metals and pH: NRUC2A (0-1 1 in. bgs), 
NRUC2B ( 1  1-72 in. bgs). 

NRUC3. Sample location NRUC3 was in the eastern portion of the NRU, adjacent to a grassy field approxi- 
mately 100 ft northeast of Magazine 4603-15. The boring was positioned upgadient of Guard Road on a slight to 
moderate slope approximately 15 ft inside a pine tree stand. Trees were estimated to be 30-40 ft tall with a repre- 
sentative circumference of 3 ft 7 in. (14 in. diameter). 

The boring was advanced to a depth of 1.5 ft bgs where refusal was caused by an outcrop of bedrock located 
near the surface. Both the A and B soil horizons were identified and sampled. One soil sample was collected from 
each horizon and analyzed for metals and pH: NRUC3A (0-10 in. bgs), NRUC3B (10-18 in. bgs). 

NRUCJ. Sample location NRUC4 was in the northeastern portion of the NRU, on the north side of access 
road near Magazine 4603-53. The boring was positioned upgradient (10"-20" slope) and approximately 100 ft from 
the road in a cedar tree stand interspersed with a grass. Cedar trees were estimated to range from 3 ft to 20 ft tall. 

The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A. B, and C) were identified and sam- 
.- pled. One soil sample was collected from each horizon and analyzed for metals and pH: NRUC4A (0-7 in. bgs), 

NRUC4B (7-30 in. bgs), NRUC4C (30-48 in. bgs). 

NRUGI. Sample location NRUGl was in the northwestern portion of the NRU between Magazines 4603-33 
and 4603-34. The boring was positioned upgradient and approximately I00 ft from the road in a Loblolly pine tree 
stand. Trees were estimated to be approximately 40 ft tall with a representative tree circumference of 4 ft 7 in. 
(18 in. diameter). 

The boring was advanced to a depth of 8 ft bgs. Three soil horizons (A, B, and C) were identified and sam- 
pled. One soil sample was collected from each horizon and analyzed for metals and pH: NRUGlA (0-12 in. bgs), 
NRUGlB (12-53 in. bgs), NRUGIC (53-70 in. bgs). 

NRUG2. Sample location NRUG2 was in the south-central portion of the NRU, west of 16th Street and north 
of Magazine 1604. The boring was positioned upgradient and approximately 100 ft from the road and 75 ft inside a 
pine tree stand. Trees were estimated to be approximately 50 ft tall with a representative tree circumference of 
4 ft 7 in. ( 18 in. diameter). 

The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C) were identified, sampled, 
and field-screened for RDX and TNT. Screening results indicated the absence of these explosive constituents. Fol- 
lowing screening analysis, one soil sample was collected from each horizon and analyzed for SVOCs, VOCs (B and 
C horizon), metals, and pH: NRUG2A (0-7 in. bgs), NRUG2B (7-34 in. bgs), NRUG2C (34-57 in. bgs). Addi- 
tionally, two duplicate soil samples were collected from the B and C horizon and analyzed for SVOCs, VOCs (B 
horizon), metals and pH: NRUG2BD (7-34 in. bgs) and NRUG2CD (34-57 in. bgs). 

NRUG3. Sample location NRUG? was in the south-central portion of the NRU, west of 16th Street and north 
of Magazine 1604. The boring was co-located within a %-acre radius and 65 ft north of NRUG?. The boring was 
situated approximately 5-10 ft ~~pgradient and 100 ft from the road and 75 ft. ins~de a pine tree stand. Trees were 
estimated to be 50 ft tall with a representative tree circumference of 4 f t  7 in. (18 in, diameter). 

"l-L The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C )  were identified and sam- 
pled. One soil sarnple was collected from each horizon and analyzed for metals and pH: NRUG3A (0-12 in. bg$), 
NRUG3B ( 12-35 in, bgs), NRUG3C (35-67 in. bgs). 



NRUG4. Sample location NRUG4 was in the west-central portion of the NRU, upgradient and approximately 
150 ft northeast of Truck Loading Yard No. 2. The boring was positioned 100 ft inside a pine tree stand. 

The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C) were identified and sam- 
pled. One soil sample was collected from each horizon and analyzed for metals and pH: NRUG4A (0-6 in. bgs), 
NRUG4B (6-39 in. bgs), NRUG4C (39-72 in. bgs). 

NRULl. Sample location NRULl was in the southern portion of the NRU, on level ground, east of a former 
bagging plant. The boring was positioned approxi~nately 100 ft north of Guard Road in a thick white pine tree 
stand. Trees were estimated to be 30-35 ft tall with a representative tree circumference of 2 ft 7 in. (10 in. 
diameter). 

The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C) were identitied, sampled, 
and field-screened for RDX and TNT. Screening results indicated the absence of these explosive constituents. Fol- 
lowing screening analysis, one soil sample was collected from each horizon and analyzed for SVOCs. VOCs (B and 
C horizon), metals, and pH: NRULIA (0-12 in. bgs), NRULIB (12-42 in. bgs), NRULIC (42-55 in. bgs). 

NRUL2. Sample location NRUL2 was in the southern portion of the NRU, on level ground, east of a former 
bagging plant. The boring was co-located within a %-acre radius and 64 ft east of NRULl in a thick white pine tree 
stand. Trees were estimated to be 30-35 ft tall with a representative tree circumference of 2 ft 7 in. (10 in. diame- 
ter). 

The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C) were identitied and sam- 
pled. One soil sample was collected from each horizon and analyzed for metals and pH: NRUL2A (0-12 in. bgs), 
NRUL2B (12-33 in. bgs), NRUL2C (33-60 in. bgs). Additionally, one duplicate soil sample was collected from the 
B horizon and analyzed for metals and pH: NRUL2BD (12-33 in. bgs). 

NRUL3. Sample location NRUL3 was in the central portion of the NRU, approximately 200 ft southwest of 
Magazine 1614. The boring was positioned approximately 150 ft north and 15 ft upgradient of 14% Street in a 
grassy uncut area interspersed with 15-20-ft-tall cedar trees. Average tree circumference was 10-1 2 in. (diameter 
ranging from 3 to 4 in.), indicating that trees were approximately 10-15 years old. 

Macro-Core refusal occurred at 16 in. bgs after two direct push attempts within 5 ft of the initially proposed 
sample location because of near-surface bedrock. The sample location was moved to a new location downslope 
approximately 40 ft. and was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C) were identilied 
and sampled. One soil sample was collected from each horizon and analyzed for metals and pH: NRUL3A (0-9 in. 
bgs), NRUL3B (9-75 in. bgs), NRUL3C (75-90 in. bgs). 

NRUL4. Sample location NRUL4 was in the northern portion of the NRU, approximately 150 ft south of Old 
Rock Road. The boring was positioned on a gradual slope between two deciduous trees (oak and poplar) in a pre- 
dominantly grassy field. Trees were estimated to be about 35-40 ft tall. 

The boring was advanced to a depth of 7.5 ft bgs. Three soil horizons (A, B, and C) were identified and sam- 
pled. One soil sample was collected from each horizon and analyzed for metals and pH: NRUL4A (0-10 in. bgs), 
NRUL4B (10-38 in. bgs), NRUL4C (38-60 in. bgs). Additionally, one duplicate soil sample was collected from the 
B horizon and analyzed for metals and pH: NRUL4BD (10-38 in. bgs). 

NRUW1. Sample location NRUW I was in the east-central portion of the NRU, approximately 100 ft north of 
14% Street, northwest of Magazine 1817. The boring was positioned in a tlat grassy area interspersed with loblolly 
pine trees. Trees were estimated to be 30-40 ft tall with a representative circumference of 4 ft 3 in. (1 6 in. 
diameter). 

The boring was advanced to a depth of 4.0 ft bgs. Three soil horizons (A, B, and C) were identified, sampled, 
and field-screened for RDX and TNT. Screening results indicated the absence of these explosive constituents. Fol- 
lowing screening analysis. one soil sample was collected from each horizon and analyzed for SVOCs, VOCs (B and 
C horizon), metals, and pH: NRUW IA (0-7 in. bgs), NRUW I B (7-38 in. bgs), NRUW lC (38-48 in. bgs). 

NRUW2. Sample location NRUW2 was in the east-central portion of the NRU, approximately 100 ft north of 
14% Street, northwest of Magazine 181 7. The boring was co-located within a %-acre radius and 60 ft east from 
NRUW 1. 



.#A 
The boring was advanced to a depth of 4.5 ft bgs, where auger refusal occurred when white-gray, limestone 

bedrock was encountered. Three soil horizons (A, B, and C) were identified and sampled. One soil sample was 
collected from each horizon and analyzed for metals and pH: NRUW2A (0-9 in. bgs), NRUW2B (9-28 in. bgs), 
NRUW2C (28-48 in. bgs). 

NRUW3. Sample location NRUW3 was in the northeastern portion of the NRU, approximately 40-50 ft and 
LO0 upgradient from the road and Magazine 4603-52. The boring was positioned in a stand of several locust trees 
(surrounded by uncut hay tields) estimated to range from 25 to 50  ft tall, with a representative circumference of 2 ft 
2 in. (8 in. diameter). 

The boring was advanced to a depth of 3.8 ft bgs, where Macro-Core refusal was caused by limestone/dolomite 
bedrock. Three soil horizons (A, B, and C) were identified and sampled. One soil sample was collected from each 
horizon and analyzed for metals and pH: NRUW3A (0-10 in. bgs), NRUW3B (10-34 in. bgs), NRUW3C (34-45 
in. bgs). 

NRUW4. Sample location NRUW4 was in the south-central portion of the NRU, north of the intersection of 
A Avenue and 13th Street. The boring was positioned across the road, 15 ft upgradient and northeast from Maga- 
zine 1206. The boring was situated beneath an approximately 20-ft-tall black walnut tree near a stand of cedar trees 
estimated to be 15 ft tall, with representative tree circumferences of 2 ft 2 in. (8 in. diameter). 

The boring was advanced to a depth of 8 ft bgs. Three soil horizons (A, B, and C) were identified and sam- 
pled. One soil sample was collected from each horizon and analyzed for metals and pH: NRUW4A (0-10 in. bgs), 
NRUW4B ( 10-3 1 in. bgs), NRUW4C (3 1-46 in. bgs). Additionally, one duplicate soil sample was collected from 
the C horizon and analyzed for metals and pH: NRUW4CD (3 1 4 6  in. bgs). 
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Appendix D 
USEPA Region 111 Guidance Memorandum 

From: Flowers.Lynn@epamaiI.epa.gov 
Sent: Friday, September 08, 2000 16:05 
To: Mervine@theitgroup.com 
Cc: Rak, Andrew; ChassanBtheitgroup.com; Evans, Christopher L; 
Cooke.Maryt @epamail.epa.gov 

Subject: RE: FW: Ft. Ritchie OU3 - Fish Tissue Risk Assessment 

Mike et al, 

Sorry for the very long delay in getting back to you guys. As I see it we have three issues: (1) the use of 
B-qualified INORGANIC data; (2) B-qualified data and mercury in the fish tissue study; and (3) dioxin TEQ 
calculations and B-qualified dioxin data in the fish tissue study 

Here is my take (or the Region's stance) on these issues: 

(1) The issue of B-qualified data is a complicated one. Note that there are two steps during data analysis 
where a qualifier is added. 

First, the laboratory doing the analysis puts a qualifier on the data point, then a validator puts a second 
qualifier on the data point. These two qualifiers mean different things and the second one ends up being 
the only one we are concerned with. Across all EPA regions, an inorganic chemical that is given a B- 
qualifier in the first round (laboratory stage) means that chemical was detected at a concentration less 

I. - than the CRDL (contract-required detection limit) but more than the instrument detection limit. Blank con- 
tamination is not considered until the next stage (validation). If an inorganic chemical then gets a B- 
qualifier at the second, validation stage, it means that the result is not detected substantially above the 
level reported in the laboratory field blank. And this is where Region Ill differs from the REST OF THE 
UNITED STATES (because we have our own guidelines from OASQA ... Office of Analytical Services and 
Quality Assurance). In Region Ill, we give that data point a "B", but the rest of EPA gives the data point a 
"U." This means that the rest of EPA automatically uses the data point in risk calculations, etc. but at 112 
the detection limit. We, in Region Ill, don't generally use the data point at all, but ask for sampling to be 
re-done if the data set is compromised by the exclusion or "rejection" of the data point(s). In some in- 
stances, we use the data but input 112 the detection limit. A lot of times it won't make much difference 
which way you do it (as long as you don't have a LOT OF B-QUALIFIED DATA THAT YOU ARE GOING 
TO REJECT). There is a push by OASQA to harmonize Region Ill with the rest of EPA on thisone ... but it 
is difficult. The other regions, in essence, don't know that their "U" qualified data was really "B" qualified 
unless they look at the original data (which is difficult to do given time contraints). And we, in Region Ill 
are really faced with whether or not to use the data, re-sample because of a compromised data set, or 
reject the data and use a smaller data set. You just don't know whether or not the chemical is there. In a 
perfect world you would always re-sample. IT decided to eliminate the B-qualified data, i.e., it was "re- 
jected", from the background soil survey. In this instance, it is probably OK because we still have a lot of 
data, and only a few chemicals were "victims" of B-qualification. It should be noted though, that the OU 
data sets should also have their "B" qualified data "rejected" for fairnesslconsistency when making com- 
parisons with the background data sets. 

(2) Re: B-qualified mercury and dioxin data from the fish tissue study 

Unfortunately, every mercury data point in Lake Royer fish is "B-qualified" by the validator. If these data 
were to be rejected, it doesn't mean that mercury isn't a COPC, it would mean that you have no mercury 
data. You would have to re-sample or make a management decision to not re-sample. Perhaps a good - alternative would be to use the data (you could go with using 112 the detection limit). Note that nickel and 
chromium data points are also ALL B-qualified, as well as all the data points for HPCDD and TCDF. Note 



also that a similar situation exists with Lake Wastler fish data. This situation is not like the one we were 
faced with in regards to the background soil study where there wasn't a huge compromise in choosing to 
reject the data. It would seem here that you would either want to use the data or re-sample 

(3) Re: Dioxin TEQ calculations. 

Thanks for re-checking the calculations. As stated above.you might not want to eliminate (reject) B- 
qualified data from this study because of mercury and the fact that all of the data for several dioxin con- 
geners is B-qualified. I would suggest that all data be included in the risk assessment for fish at Ft. Ritchie 
(or re-sample). 

Thanks- 
Lynn Flowers 
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Table E-1 
Inorganic Soil Concentrations, Braddock Loam Surface vs. Eastern U.S. 

[Units in mg/kg] 

*Source: Shacklette. H.T.. and Boerngen, J.G. 1984. E l ~ r ~ i e t ~ r  Co~rce~ttrcztiorrs I I I  Soils trrld Other Surj+icial Mrrteriuls of the Cottrer~~rirrous U11itt.d States. U.S. Government 
Printing Office. Washington. DC. U.S.G.S. Prolessional Paper 1270. 



Table E-2 
Inorganic Soil Concentrations, Unison Urban Land Complex Surface vs. Eastern U.S. 

[Units in mglkg] 

4:Source: Shncklrtte, H.T., and Boerngen, J.G. 1084. Elen~erlr Cor~cel~trutions ill Soils nrld Otlre~. Slcrjkial Mareriuls oj'the Co~~tet-rnirlo~ls Ur~ired Srures. U . S .  Government 
P~inring Office, \ifnshington, DC. U.S.G.S. Professiounl Paper 1270. 



Table E-3 
Inorganic Soil Concentrations, Wheeling Sandy Loam Surface vs. Eastern U.S. 

[Units in mglkg] 

:'.Sourca: Shncklette, H.T., and Roerngen, J.G. 1984. Ele~nenr Conc~rirnrrio~ls itr Soils and Orher Suf~ciul Marerials oj'the C O I ~ I C ~ ~ ~ I ~ I Z U I I S  Utri~ed SIIIICS. U.S. Govemlnent 
Pnnring Ofticc, Washington, DC. U.S.G.S. Professional Paper 1270. 

Analyte Frequency 
of Detection 

Wheeling Sandy I,oan~ Surface Soil 

Mean 

Inorganics 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadm~um 
Chromiu~n 
Cobalt 
Copper 
Iron 
I,ead 
Manganese 
Mercury 
N~ckel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

STD Dev 

414 
014 
414 
314 
414 
1 I3 
314 
414 
414 
414 
414 
414 
014 
414 
014 
014 
314 
414 
414 

0.182 

0.148 
0.134 
0.145 

0.147 
0.196 
0.238 
0.168 
0.098 
0.382 

0.143 

0.229 
0.161 
0.078 

33,000 
0.52 
4.8 
290 
0.55 
0.34 
3 3 
5.9 
13 

14,000 
14 

260 
0.08 1 

11 
NIA 
N/ A 
7.7 
43 
40 

10,300- 15,400 

1.9-2.7 
130- 174 

0.72-0.99 
0-0.67 
19.1-27 
8.1-13.1 
7.6-13.6 

15,600-23,800 
12.0-15.0 
287-822 

9.8-13.5 

0-2.0 
29.2-43.6 

54.9-61.1 

CV 

12,400 

2.4 
147 

0.86 
0.67 
24.4 
11.4 
11.5 

20,000 
13.8 
634 

12.0 

1.8 
36.8 
60.0 

Range of 
Concentrations 

Arithmetic hlean 
in Eastern U.S.* 

2,255 

0.4 
19.8 
0.12 

3.6 
2.2 
2.7 

3,369 
1.4 
242 

I .7 

0.4 
5.9 

4.7 

2.87 
2.38 
2.56 
2.35 
2.53 
3.08 
2.6 

2.57 
2.8 
2.87 
1.95 
3.82 
2.52 
2.64 
NIA 
NIA 
1.58 
2.5 1 
2.1 1 

8.7OE-05 
4.58E+00 
5.33E-01 
8.10E-03 
4.60E+00 
9.06E+00 
7.888-02 
4.36E-01 
2.15E-0 1 
2.05E-04 
1.39E-01 
1.478-02 
3.1 1E+01 
2.40E-0 1 

NIA 
N/ A 

2.05E-0 1 
5.84E-02 
5.288-02 

STD Dev 
in Eastern U.S.* 

CV 
in Eastern U.S.* 



Table E-4 
lnorganic SGil Concentrations, Carbo Silty Clay Loam Surface vs. Eastern U.S. 

[Units in mglkg] 

'Source: Shacklel[c. H.T., and Boerngen, J.G. 1984. Elerrrerrt Concenlrulior~s 111 Soils and Otlrer Surjifiri~rl hlureriuls ofrl~e Corrtenrrir~orrs U~lited States. U.S. Government 
Printing Office, Wnsh in~~on ,  DC. U.S.G.S. Professional Paper 1270. 

Analyte Frequency 
of Detection 

Carbo Silty Clay Loam Surface Soil 

Mean STD Dev 

Inorganics 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromiui~l 
Cobalt 
Copper 
Iron 
Lcad 
Manganese 
Mercury 
Nickel 
Sele~iiu~n 
Silver 
Thallium 
Vanadium 

Zinc 

414 
014 
414 
314 
214 
014 
414 
314 
414 
414 
414 
414 
014 
214 
014 
014 
014 
414 
414 

CV STD Dev 
in Eastern U.S.* 

9,113 

3.4 
37.1 
0.74 

20.1 
17.9 
5.6 

20,450 
16.2 
349 

12.0 

30.4 
25.1 

. Range of 
Concentrations 

CV 
in Eastern U.S.* 

Arithmetic Mean 
in Eastern U.S.* 

7,364 

1.9 
17.2 
0.18 

9.3 
13.7 
2.7 

8,932 
5.9 
164 

8.6 

9.7 
21.0 

0.808 

0.563 
0.465 
0.248 

0.464 
0.767 
0.481 
0.437 
0.367 
0.469 

0.719 

0.318 
0.837 

4,440-20, I00 

1.6-6.1 
0-56.7 
0-0.87 

11.3-32.2 
0-33.6 
2.9-9 

10,100-3 1,900 
11.5-24.7 
186-498 

0-18.1 

19.7-42.5 
10.9-56.3 

33,000 
0.52 
4.8 
290 
0.55 
N/A 
33 
5.9 
13 

14,000 
14 

260 
0.08 1 

11 
0.30 
NIA 
NIA 
43 
40 

2.87 
2.38 
2.56 
2.35 
2.53 
NIA 
2.60 
2.57 
2.80 
2.87 
1.95 
3.82 
2.52 
2.64 
2.44 
NI A 
N/ A 
2.5 1 
2.11 

8.70E-05 
4.58E+00 
5.33E-01 
8.10E-03 
4.60E+00 

NI A 
7.88E-02 
4.36E-03 
2.15E-0 1 
2.05E-04 
1.39E-0 1 
1.478-02 
3.1 1E+01 
2.40E-0 1 
8.13E+00 

NIA 
NI A 

5.848-02 
5.28E-02 



Table E-5 
Inorganic Soil Concentrations, Groseclose and Poplimento Silt Loam Surface vs. Eastern U.S. 

[Units in mg/kg] 

*Source: Shackle~te, H.T., and Boerngen, J.G. 1984. Elen~er~t Coirce~~tratioris br Soi l .~  olr~d Other Sutficiul Mr~terirrls ofthe Corrter~nrrrous Urlited SIUIPS. U.S. Govemlnent 
Printing Office, Washing~on, DC. U.S.G.S. Professional Paper 1270. 

Analyte Frequency 
of Detection 

Mean 

Groseclose and Poplimento Silt Loam Surface Soil 
Inorganics 
Aluillinu~n 
Antimony 
Arsenic 
Barium 
Be~.yllium 
Cadmium 
Chrolnium 
Cobalt 
Copper 
Iron 
Lead 

aanese Man, 
Mercury 
Nickel 
Seleniurn 
Silver 
Thallium 
Vanadium 
Zinc 

33,000 
0.52 
4.8 
290 
0.55 
N/A 
3 3 
5.9 
13 

14,000 
14 

260 
0.08 1 

I I 
0.30 
N/A 
N/A 
4 3 
40 

- -  -- 

STD Dev 

414 
014 
414 
414 
214 
014 
414 
314 
314 
414 
414 
414 
014 
214 
014 
014 
014 
414 
414 

2.87 
2.38 
2.56 
2.35 
2.53 
N/A 
2.60 
2.57 
2.80 
2.87 
1.95 
3.82 
2.52 
2.64 
2.44 
N/A 
N/A 
2.5 1 
2.1 1 

8.70E-05 
4.58E+00 
5.33E-01 
8.1 0E-03 
4.60E+00 

N/A 
7.88E-02 
4.368-01 
2.15E-0 1 
2.05E-04 
1.39E-0 1 
1.47E-02 
3. I IE+01 
2.40E-01 
8.13E+00 

N/A 
N/A 

5.84B-02 
5.28E-02 

~ - -  

CV 

6,685 

3.1 
34.2 
0.63 

18.6 
8.7 
6.5 

19,045 
15.8 
302 

7.6 

29.6 
21.7 

Range of 
Concentrations 

Arithmetic Mean 
in Eastern U.S.* 

3,042 

0.9 
10.7 
0.01 

10.8 
3.0 
3.9 

1 155  1 
6.43 
129 

2.3 

17.0 
9.9 

STD Dev 
in Eastern U.S.* 

CV 
in Eastern U.S.* 

0.455 

0.295 
0.314 
0.022 

0.583 
0.342 
0.602 
0.607 
0.408 
0.429 

0.309 

0.574 
0.455 

3,770-10,700 

2-4.1 
23.4-45.7 

0-0.64 

8.8-29.8 
0-1 1.8 
0-1 1 

8,790-30,900 
8.9-23.6 
141-458 

0-9.2 

15-47.2 
7.1-28.5 



Tablc 6 6  
Inorganic Soil Conccntrations, Lowell Silt Loam Surface vs. Eastern U.S. 

[Units in mglkg] 

"Source: ShacUette. tI.T., and Boemgen, J.G. 1984. Elerner~r Cor~cer~rrarior~s irt Soils uild Other Surfi'ciul hlureriuls of the Corltenr~inoris Urlired Srures. U.S. Government 
Printing Oftice, Washi~~gton, DC. U.S.G.S. Professio~~al Paper 1270. 

Anelyte Frequency 
of Detection 

Lowell Silt Loam Surface Soil 

Mean 

lnorganics 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Cilver 
Thalliunl 
Vanadium 
Zinc 

STD Dev 

414 
014 
414 
414 
414 
014 
414 
414 
414 
414 
414 
414 
1 14 
414 
214 
014 
014 
414 
414 

9,823 

5.5 
77.8 
0.83 

30.2 
19.8 
6.3 

25,225 
351  
1,265 
0.13 
9.1 

0.7 1 

42.4 
40.7 

CV 

0.475 

0.480 
0.289 
0.165 

0.1 10 
0.250 
0.588 
0.206 
0.803 
0.353 

0.506 

0.214 
0.263 

4,663 

2.6 
22.5 
0.14 

3.31 
5.0 
3.7 

5,186 
28.2 
447 

4.6 
0.09 

9.1 
10.7 

Range of 
Conccntrations 

5,740-16,000 

3.7-9.3 
59.4-109 

0.72-1 

27-34.4 
15.3-25.9 
3.2- 11.6 

19,400-32,000 
15.3-76.7 
71 1-1.710 

0-0.13 
4.6-15.3 
0-0.77 

31.9-52.9 
29.2-55.1 

Arithmetic Mean 
in Eastern US.* 

33,000 
0.52 
4.8 
290 
0.55 
NI A 
33 
5.9 
13 

14,000 
14 

260 
0.08 1 

11 
0.30 
NIA 
Nl A 
43 
40 

2.87 
2.38 
2.56 
2.35 
2.53 
Nl A 
2.60 
2.57 
2.80 
2.87 
1.95 
3.82 
2.52 
2.64 
2.44 
NI A 
NI A 
2.51 
2.11 

- - 

8.70E-05 
4.58E+00 
5.338-01 
8.10E-03 
4.60E+00 

NIA 
7.88E-02 
4.36E-1 
2.15E-0 1 
2.05E-04 
1.39E-01 
1.478-02 
3.1 1E+01 
2.40E-0 1 
8.13E+00 

NIA 
NI A 

5.848-02 
5.28E-02 

STD Dev 
in Eastern US.* 

CV 
in Eastern US.* 



Table E-7 
Inorganic Soil Concentrations, Wurno-Newhern-Faywood Loam Surface vs. Eastern U.S. 

[Units in mglkg] 

*Source: Slinckle~le. H.T., and Bmmgen, J.G. 1984. Ele~ente~il Cor~ce1rrri7rio11s irl Soils urld Orller Slr@jiciul Mureriu1.r ofrhe Conrrn~~inous U~tired Srures. U.S. Government 
P ~ i ~ ~ r i n g  Ofice, Washington. DC. U.S.G.S. Professionel Paper 1270. 

Analyte Frequency 
of Detection 

Wurno-Netvbern-Faywood Silt Loam Surface Soil 

hlean 

Inorganics 
Aluminum 
Antinlony 
Arsenic 
Barium 
Bcrylliuln 
Cad~iiiuni 
Chroniiu~ii 
Cobalt 
CoI'I'er 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Tllallium 
Vanadium 
Zinc 

ST1) Dev 

414 
014 
414 
314 
214 
014 
414 
314 
414 
414 
414 
414 
014 
214 
014 
014 
014 
4 14 
414 

7,943 

3.7 
57.5 
1.35 

27.0 
27.3 
5.0 

3 1,768 
20.8 
1,109 

12.4 

50.1 
33.6 

CV 

4,804 

2.6 
19.7 
0.21 

19.5 
17.6 
2.6 

23,439 
8.6 
984 

6.3 

37.2 
17.3 

Range of 
Concentrations 

0.605 

0.703 
0.342 
0.157 

0.724 
0.645 
0.5 16 
0.738 
0.416 
0.887 

0.5 10 

0.743 
0.514 

Arithmetic Mean 
in Eastern US.* 

3,620-14,600 

2-7.6 
0-75.3 
0-1.5 

6.3-53.3 
0-45.4 
2.9-8.5 

7,470-63,000 
10.3-28.8 

91.7-2,040 

0-16.8 

12.2-101 
14.9-56.2 

STD Dev 
in Eastern US.* 

3 3,000 
0.52 
4.8 
290 
0.55 
NIA 
33 
5.9 
13 

14,000 
14 

260 
0.08 1 

11 
0.30 
NIA 
NI A 
43 
40 

CV 
in Eastern US.* 

2.87 
2.38 
2.56 
2.35 
2.53 
N/ A 
2.60 
2.57 
2.80 
2.87 
1.95 
3.82 
2.52 
2.64 
2.44 
NI A 
NIA 
2.5 1 
2.1 1 

8.70E-05 
4.58E+OO 
5.338-0 1 
8.10E-03 
4.60E+00 

NIA 
7.88E-02 
4 .36E- l  
2.15E-01 
2.05E-04, 
1.39E-01 
1.47E-02 
3. I I E+O1 
2.40E-01 
8.1 3E+00 

NIA 
NIA 

5.84E-02 
5.28E-02 



Table E-8 
Inorganic Soil Concentrations, Braddock Loam Subsurface vs. Eastern U.S. 

[Units in rnglkg) 

"Source: Shackle~te. H.T., and Boerngen, J.G. 1984. Elerne111 Corlcerltrutio~~.r in Soils und Other Sitrjicial Materials of the Co~~tern~inorrs Ul~ired Stutes. U.S. Government 
Printing Office, Washington, UC. U.S.G.S. Professional Paper 1270. 



Table E-9 
Inorganic Soil Concentrations, Unison Urhan Land Complex Suhsurface vs. Eastern U.S. 

[Units in rnglkg] 

"Source: Shacklette, 1I.T.. and Boemgen. J.G. 1984. Elrttretrr Co11cenrrurio1r.f in Soils c111d Orher S~rrjiciul Muret-icl1.s of rhe Cotlrerminotrr Ut~ired Srures. U.S. Government 
Pnnt~ng Office, Washington, DC. U.S.G.S. Professional Paper 1270. 

Analyte Frequency 
of Detection 

Unison Urban Land Complex Subsurface Soil 

Mean 

Inorganics 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chrornium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Seleniu~n 
Silver 
Thallium 
Vanadium 
Zinc 

818 
018 
718 
618 
418 
518 
818 
718 
818 
818 
818 
818 
618 
818 
018 
018 
418 
818 
818 

STD Dev CV 

28,064 
3.98 
15.0 
49.3 
1.59 
0.91 
38.6 
30.8 
22.3 

37,438 
64.7 
45 1 
0.1 1 
32.8 
0.32 
0.39 
1.9 

72.0 
178 

Range of 
Concentrations 

Arithmetic Mean 
in Eastcrn US.* 

STD Dev 
in Eastern US.* 

CV 
in Eastern US.* 

15,213 
0.31 
11.1 
29.5 
1.77 
0.66 
19.2 
37.3 
11.1 

14,796 
89.2 
585 
0.07 
30.3 
0.03 
0.12 
1.6 

25.1 
202 

0.542 
0.077 
0.744 
0.599 
1.11 

0.720 
0.497 
1.21 

0.499 
0.395 
1.38 
1.30 

0.653 
0.924 
0.099 
0.296 
0.846 
0.348 
1.13 

8,7 10-47,900 
3.7-4.1 

0.55-35.9 
13.5-85.4 
0.28-5.30 
0.28-2.20 
10.8-75.8 
2.9-94.3 
3.4-34.4 

14,300-67,700 
5.6-256 

39.4-1,760 
0.05-0.27 
5.8-94.2 
0.28-0.38 
0.31-0.60 
0.6-5.0 

27.0-1 14 
19.8-598 

33,000 
0.52 
4.8 
290 
0.55 
N/ A 
33 
5.9 
13 

14,000 
14 

260 
0.08 1 

11 
0.3 
NIA 
NIA 
43 
40 

2.87 
2.38 
2.56 
2.35 
2.53 
N/A 
2.6 
2.57 
2.8 
2.87 
1.95 
3.82 
2.52 
2.64 
2.44 
NIA 
NIA 
2.5 1 

2.1 1 

8.70E-05 
4.58E+00 
5.33E-01 
8.lOE-03 
4.60E+OO 

NIA 
7.88E-02 
4.36E-01 
2.15E-01 
2.05E-04 
1.39E-01 
1.47E-02 
3.1 1E+01 
2.40E-01 
8.13E+00 

NIA 
NIA 

5.84E-02 
5.28E-02 



Table E-10 
Inorganic Soil Concentrations, Wheeling Sandy Loam Subsurface vs. Eastern U.S. 

[Units in mglkg] 

"Source: Shacklrtte, H.T.. and Boemgm, J.G. 1984. Elc~~rerrt Cotic-e~rrrarin~~s it1 Soils ru~d Olher Surjiciol iLf~lrerials of rhc (~or~re~i~ritious United Stutrs. U .S .  Govemmcnt 
P~inling Office, Wasllington, DC. U.S.G.S. Professional Paper 1270. 

Analyte Frequency 
of Detection 

Wheeling Sandy Loam Subsurface Soil 

Mean 

lnorganics 
Alumi nun1 
Antimony 
Arsenic 
Bariurn 
Bery lliurii 
Cadmium 
Ctnomium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

STD Dev 

818 
018 
818 
718 
718 
618 
818 
818 
818 
818 
818 
818 
218 
818 
018 
018 
618 
818 
818 

CV 

13,600-25,600 
3.35-3.95 
2.2-15.3 
12.3-155 
0.31-1.30 
0.29-2.50 
26.0-40.7 
6.8-22.5 
12.2-27.5 

22,800-43,900 
10.0-23.6 
47.4-835 
0.02-0.04 
13.4-21.7 
0.28-0.33 
0.28-0.33 
0.6-3.2 

23.1-79.5 
37.7-93.4 

20,525 
3.63 
4.7 
113 

0.96 
0.97 
33.5 
16.4 
20.6 

34,950 
14.6 
573 
0.02 
18.3 
0.30 
0.31 
2.2 

58.2 
71.5 

Range of 
Concentrations 

33,000 
0.52 
4.8 
290 
0.55 
N/ A 
3 3 
5.9 
13 

14,000 
14 

260 
0.08 1 

11 
0.3 
N/A 
N/ A 
4 3 
40 

3,895 
0.213 
4.3 
43.8 
0.31 
0.71 
5.5 
5.2 
5.7 

7,005 
4.5 
253 
0.01 
3.1 

0.02 
0.02 
1.1 
18.9 
16.5 

Arithmetic Mean 
in Eastern US.* 

2.87 
2.38 
2.56 
2.35 
2.53 
N/ A 
2.6 

2.57 
2.8 

2.87 
1.95 
3.82 
2.52 
2.64 
2.44 
N/ A 
N/A 
2.5 1 
2.1 1 

0.190 
0.058 
0.917 
0.390 
0.325 
0.730 
0.163 
0.318 
0.276 
0.200 
0.306 
0.431 
0.329 
0.169 
0.060 
0.057 
0.493 
0.325 
0.231 

8.708-05 
4.58E+OO 
5.33E-01 
8.10E-03 
4.60E+00 

N/ A 
7.88E-02 
4.368-01 
2.15E-01 
2.05E-04 
1.39E-01 
1.47E-02 
3.1 IE+Ol 
2.40E-01 
8.13E+00 

N/A 
N/ A 

5.84E-2 
5.28E-02 

STD Dev 
in Eastern U.S.* 

CV 
in Eastern US.* 



Table E-11 
Inorganic Soil Concentrations, Carbo Silty Clay Loam Subsurface vs. Eastern U.S. 

[Units in mg/kg] 

+Source: Shncklette, H.T., and Boerngen, J.G. 1981. Elenre~~r Co~lce~l~rc~rin~ls irl Soils urld Other S~r@ciul Mnrericrls of rlre Cor~rentrir~orrs Urrired Smres. U.S. Government 
Prinling Office, Washington, UC. U.S.G.S. Professional Papcr 1270. 

Analyte Frequency 
of Detection 

Carbo Silty Clay Loam Subsurface Soil 

Meal] 

Inorganics 
Aluminurn 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Seleniuln 
Silver 
Thallium 
Vanadium 
Zinc 

Kange of 
Concentrations 

515 
015 
515 
215 
215 
015 
515 
215 
515 
515 
515 
515 
115 
415 
015 
015 
015 
5 1.5 
515 

STD Dev CV Arithmetic Mean 
in Eastern U.S.* 

0.312 

0.452 
0.717 
1.27 
0.39 
0.458 
1.73 

0.465 
0.299 
0.845 
0.961 
0.337 
0.932 
0.845 
0.399 
0.043 
0.451 
0.612 

14,360 

3.5 
26.2 
1.05 
0.38 
27.9 
21.8 
13.1 

29,220 
11.4 
128 

0.08 
17.8 
0.63 
0.76 
0.6 

46.1 
23.2 

10,000-21,100 

1.2-4.9 
12.0-48.1 
0.31-3.40 
0.31-0.65 
14.5-47.6 
3.1-89.1 
5.9-21.5 

17,300-39,400 
3.5-28.0 
33.0-205 
0.06-0.12 
2.4-44.8 
0.31-1.55 
0.60-1.30 
0.6-0.7 

22.0-68.9 
7.4-40.8 

4,477 

1.6 
18.8 
1.34 
0.15 
12.8 
37.8 
6.1 

8,744 
9.7 
123 
0.03 
16.6 
0.53 
0.30 
0.03 
20.8 
14.2 

STD Dev 
in Eastern US.*  

33,000 
0.52 
4.8 
290 
0.55 
N/ A 
3 3 
5.9 
13 

14,000 
14 

260 
0.08 1 

1 1  
0.30 
N/A 
NIA 
43 
40 

CV 
in Eastern US.* 

2.87 
2.38 
2.56 
2.35 
2.53 
N/ A 
2.60 
2.57 
2.80 
2.87 
1.95 
3.82 
2.52 
2.64 
2.44 
N/A 
N/A 
2.5 1 

2.1 1 

8.708-05 
4.58E+00 
5.338-01 
8.10E-03 
4.60E+00 

N/A 
7.88E-02 
4.36E-01 
2.15E-01 
2.058-04 
1.39E-01 
1.47E-02 
3.1 1E+01 
2.40E-01 
8.13E+00 

N/ A 
NIA 

5.84E-02 
5.288-02 



Table E-12 
Inorganic Soil Concentrations, Carbo Silty Clay Loam Subsurface vs. Eastern U.S. 

[Units in mglkg] 

*Source: Shacklette, H.T., and Boerngen, J.G. 1984. EIertrerlr Corlcet~rnrriutis in Soils ar~d Other S~irjiciril ,bflrreric~ls ofthe Cotttertnirrour Urlired Sr~rres. 1J.S. Government 
Printing Office, Washington, I)C. U.S.G.S. Professional Papcr 1270. 

Analyte Frequency 
of Detection 

Mean 

Groseclose and Poplimento Silt Loam Subsurface Soil 
Inorganics 
Aluminum 
An~imony 
Arsenic 
Bar~um 
Berylliu~n 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mcrcury 
Nickel 
Selenium 
Silver 
Thallium 
Van:rdium 
Zinc 

33,000 
0.52 
4.8 
290 
0.55 
NIA 
3 3 
5.9 
13 

14,000 
14 

260 
0.08 1 

11 
0.30 
NIA 
NI A 
43 
40 

STD Dev 

818 
018 
818 
218 
118 
018 
818 
518 
818 
818 
818 
818 
318 
418 
018 
018 
018 
818 
818 

2.87 
2.38 
2.56 
2.35 
2.53 
NIA 
2.60 
2.57 
2.80 
2.87 
1.95 
3.82 
2.52 
2.64 
2.44 
NIA 
Nl A 
2.5 1 
2.1 1 

CV 

8.708-05 
4.58E+00 
5.33E-01 
8.10E-03 
4.60E+00 

NIA 
7.88E-02 
4.36E-01 
2.15E-01 
2.05E-04 
1.39E-01 
1.47E-02 
3.1 1E+O I 
2.40E-0 1 
8.1 3E+00 

NIA 
NIA 

5.848-02 
5.28E-02 

8,975 
0.35 
4.2 
17.7 
0.46 
0.30 
22.5 
23 6 
6.9 

27,450 
14.0 
394 
0.08 
11.1 
0.30 
0.59 
0.6 
40.1 
15.9 

Range of 
Concentrations 

3,774 
0.004 

1.5 
1 1.2 
0.46 
0.01 
7.4 
23.0 
7.0 

7,139 
9.2 
331 
0.04 
13.4 
0.01 
0.02 
0 02 
10.2 
10.3 

Arithmetic Mean 
in Eastern US.* 

0.420 
0.010 
0.355 
0.630 
1.01 

0.027 
0.328 
0.976 
1.02 

0.267 
0.662 
0.841 
0.427 
1.21 

0.027 
0.039 
0.039 
0.255 
0.647 

STD Dev 
in Eastern US.* 

6,130-17,600 

2.7-7.4 
32.5-38.7 
0.29-1.60 
0.29-0.31 
13.6-33.1 
18.0-70.1 
1.6-2 1.3 

17,400-38,100 
7.2-35.5 
16.7-93 1 
0.06-0.14 
2.3-35.3 
0.29-0.31 
0.55-0.60 

26.5-56.1 
4.7-33.0 

CV 
in Eastern US.* 



Table E-13 
Inorganic Soil Concentrations, Lowell Silt Loam Subsurface vs. Eastern U.S. 

[Units in niglkg] 

-Source: Shncklette, H T., mcl Bue~ngm, J.G. 1981. Ele~~rrr~r Co~~c.e~lrrurioils 111 Soils mid Orlrer Suific.iul h4un.1ricrls ofrlre Co~~rertr~i~~olrs  Unired Srures. U.S.  Government 
Printing Oflice. Washington, DC. U.S.G.S. Professiunnl I'nper 1270. 

Analyte Frequency 
of Detection 

Lowell Silt Loam Subsurface Soil 

Mean 

Inorganics 
Aluniinurn 
Antiinony 
Arsenic 
Barium 
Beryllium 
Cadmiuni 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadiuiii 
Z~nc  

STD Dev 

818 
018 
818 
818 
518 
018 
818 
818 
818 
818 
818 
818 
118 
818 
018 
018 
018 
818 
818 

CV 

18,735 
0.38 
4.3 
43.4 
1.12 
0.35 
36.3 
15.7 
16.9 

33,838 
11.8 
38 1 
0.08 
17.3 
0.85 
0.69 
0.6 
51.9 
26. l 

Range of 
Concentrations 

8,800 
0.05 
1.8 
11.9 
0.80 
0.1 l 
7.2 
8.9 
10.2 

6,492 
4.0 
265 
0.05 
9.9 

0.69 
0.21 
0.1 
10.3 
14.6 

Arithmetic Mean 
in Eastern US.* 

0.470 
0.126 
0.414 
0.275 
0.718 
0.303 
0.199 
0.566 
0.601 
0.192 
0.342 
0.696 
0.597 
0.572 
0.818 
0.304 
0.086 
0.199 
0.560 

STD Dev 
in Eastern U.S.* 

7,380-32,800 
0.34-0.43 
2.5-7.1 

30.4-63.4 
0.28-2.30 
0.28-0.60 
24.8-49.5 
7.0-34.6 
3.2- 1 1.6 

24,400-44,200 
7.9-17.7 
62.8-785 
0.06-0.19 
4.8-31.0 
0.30-1.80 
0.55-1.20 
0.6-0.7 

36.7-64.6 
10.6-56.5 

CV 
in Eastern US.* 

33,000 
0.52 
4.8 
290 
0.55 
NIA 
33 
5.9 
13 

14,000 
14 

260 
0.08 1 

11 
0.30 
NI A 
NIA 
4 3 
40 

2.87 
2.38 
2.56 
2.35 
2.53 
NI A 
2.60 
2.57 
2.80 
2.87 
1.95 
3.82 
2.52 
2.64 
2.44 
NI A 
NIA 
2.5 1 
2.1 1 

8.70E-05 
4.58E+00 
5.33E-01 
8.10E-03 
4.60E+00 

NIA 
7.88E-02 
4.36E-01 
2.15E-01 
2.05E-04 
I .39E-0 1 
1.47E-02 
3.1 lE+OI 
2.40E-0 I 
8.13E+00 

NIA 
NIA 

5.848-02 
5.28E-02 



Table E-14 
Inorganic Soil Concentrations, Wurno-Newbern-Faywood Silt Loam Subsurface vs. Eastern U.S. 

[Units in mglkg] 

'Source: Shacklette, H.T.. and Boerngen, J.G. 1984. Ele~~re~lr (.'o~~ce~~trutior~.s ill Soi1.r ur~d Orfler SurfG.iu1 h~futeriuls of the Corltenninolrs U~lired Slures. U.S. Government 
Printing OOllice, WashingLon. DC. U.S.G.S. Professional Paper 1270. 

Analy te Frequency 
of Detection 

Wurno-Newbern-Faywood Silt Loam Subsurface Soil 

Mean STD Dev 

Inorganics 
Aluminum 
Antimony 
Arsenic 
Banurn 
Berylliuin 
Cadrnium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
N~ckel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

CV 

818 
018 
718 
818 
618 
018 
818 
618 
818 
818 
818 
818 
1 I8 
818 
018 
018 
018 
818 
818 

Range of 
Concentrations 

8,625 
0.02 
3.2 

44.4 
1.74 
0.12 
12.0 
42.9 
11.6 

10,477 
2.9 
129 

0.05 
16.2 
0.46 
0.24 
0.03 
16.2 
20.1 

18,725 
0.39 
3.6 

57.1 
1.99 
0.36 
32.4 
25.5 
18.8 

33,013 
6.8 
21 1 
0.08 
25.6 
0.56 
0.71 
0.6 

52.9 
34.2 

Arithmetic Mean 
in Eastern US.* 

0.461 
0.055 
0.887 
0.777 
0.874 
0.333 
0.372 
1.68 

0.619 
0.317 
0.423 
0.610 
0.579 
0.633 
0.830 
0.341 
0.043 
0.305 
0.586 

STD Dev 
in Eastern US.* 

10,200-33,900 
0.37-0.40 
1.6-10.7 
28.5-164 
0.78-5.40 
0.31-0.65 
14.4-50.9 
3.1-130 
8.1-38.7 

17,300-44,100 
2.1-12.6 
33.2-419 
0.06-0.19 
7.6-5 1.1 

0.31-1.65 
0.60-1.30 

0.6-0.7 
29.1-77.6 
11.8-69.8 

CV 
in Eastern U.S.* 

33,000 
0.52 
4.8 
290 
0.55 
NIA 
3 3 
5.9 
13 

14,000 
14 

260 
0.08 1 

11 
0.30 
NIA 
NIA 
43 
40 

2.87 
2.38 
2.56 
2.35 
2.53 
NI A 
2.60 
2.57 
2.80 
2.87 
1.95 
3.82 
2.52 
2.64 
2.44 
NI A 
NI A 
2.5 1 
2.1 1 

8.708-05 
4.58E+00 
5.338-01 
8.1 0E-03 
4.60E+00 

NI A 
7.88E-02 
4.36E-01 
2.15E-01 
2.058-04 
1.39E-01 
1.47E-02 
3.1 1E+01 
2.40E-0 1 
8.13E+00 

NI A 
NI A 

5.84E-02 
5.288-02 



Amage lumlnun C o m d r d b n s  Deteded In Surface Soil at WAAP 

Breddock Unison Wheeling Cabo Groseclose Lowell W u m  

Soil Type 

Average Arsenlc Concentrations Detected in Surface Soil at RFAAP 

I 

Braddock Unison Wheeling Carbo Grosedose Lowel Wumo 

Soil Type 





Waddodc Lhiiswr W h e e m  Carba Grosecbse Lowell Wmo 

Average Chromium Concentrations Detected in Surface Soil at RFAAP 

Braddock blbc 
Soil Type 



Average Copper Concentrations Detected in Surface Soll at R F W  



Aver- Ron Goncrntmtiom Detected in Surlace Soil at RFAAP 

Unison Wheeling C a b  Lowell 

Soit Type 

Arerage Lead ConcsRtratbm DetecW In Surface Sdl at RFAAP 



Average Manganese Concentratlam in Surface Soit at R F W  

Unison WhseDrrg C a b  Groseclose Lowel Wumo 
Soil Type 

Average Mercury Concentrations Deiecied in Surface Soil at RFAAP 

Braddock W i n  wheem Carbo Grosecfose Lowel Wumo 
Soil Type 



Bra&& Unison w m  Carbo Gmedase Lowell Wurm 

Trpe 

Average Selenlun C m a U o n s  in Surface Sdl at RFAAP 

c d m  
Sol Type 



Averap SUver Concentrations h Surface Soil at RFAAP 

Braddock Unison Wheeling Carbo Groseclose Lowell Wumo 

Soil Type 

Catro Wurm 
So@ Type 



Average ZInc ConcemAhns EMected br Surface Soil a4 RFAAP 

Braddock L b o n  VUhee1r-g Carbo Gmsecbs8 Lowell Wurno 
Soil Type 



Appendix F 

Statistical Comparisons Output 



1 
Surface Soil F-test and T-Test - Normal 

F-Test Two-Sample for Variances 

MMA - COPPER NRU - COPPER 
Mean 7.820833333 5.446875 
Variance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-Test: Two-Sample Assuming Equal Variances 

MMA - COPPER NRU - COPPER 
Mean 7820833333 5.446875 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean Difference 
d f 
t Stat 
P(T<=t) one-tail 
t Critical one-tail 
P(T<=t) two-tail 
t Critical two-tail 



Surface Soil F-test and T-Test - Lognormal 

F-Test Two-Sample for Variances 1-Test: Two-Sample Assuming Equal Variances 

MMA -ALUMINUM NRU - ALUMINUM 
Mean 8.91 9999506 8.902283792 
Variance 0.194653223 0.265867106 
Observations 12 16 
df 11 15 
F 0732144814 
P(F-==f) one-tail 0.304918267 
F Critlcal one-tail 0.367831099 

F-Test Two-Sample for Variances 

MMA - CHROMIUM NRU - CHROMIUM 
Mean 2.771 343603 3.03571 9734 
Variance 0.17823671 4 0.341543045 
Observations 12 16 
df 11 15 
F 0.521 85725 
P(F<=f) one-tail 0.140098705 
F Critical one-tail 0.367831099 

F-Test Two-Sample for Variances 

MMA - IRON NRU - IRON 
Mean 9.505223576 9.9425921 27 
Variance 0.217277044 0.337513901 
Observations 12 16 
df 11 15 
F 0.64375731 7 
P(F<=1) one-tail 0.232987627 
F Crit~cal one-tail 0.367831099 

MMA -ALUMINUM NRU - ALUMINUM 
Mean 8.91 9999506 8.902283792 
Variance 0 194653223 0.2658671 06 
Observations 12 16 
Pooled Variance 0.235738155 
Hypothesized Mean Difference 0 
df 26 
t Stat 0.095546621 
P(T<=t) one-tail 0.462306643 
t Critical one-tail 1.705616341 
P(Tc=t) two-tail 0.92461 3286 
t Cr~ttcal two-tail 2.055530786 

t-Test: Two-Sample Assuming Equal Variances 

MMA - CHROMIUM NRU - CHROMIUM 
Mean 2.771 343603 3.035719734 
Variance 0.178236714 0.341 543045 
Observations 12 16 
Pooled Variance 0.272451905 
Hypothesized Mean Difference 0 
df 26 
t Stat -1.32632183 
P(T<=t) one-tail 0.0981 33335 
t Critical one-tail 1.705616341 
P(T<=t) two-tail 0.19626667 
t Critical two-tail 2.055530786 

1-Test: Two-Sample Assuming Equal Variances 

MMA - IRON NRU - IRON 
Mean 9.505223576 9.9425921 27 
Variance 0.21 7277044 0.33751 3901 
Observations 12 16 
Pooled Variance 0.286644462 
Hypothesized Mean Difference 0 
df 26 
t Stat -2.139180213 
P(T-==t) one-tail 0.0209901 88 
t Critical one-tail 1.705616341 
P(Tc=t) two-tail 0.041980376 
t Critical two-tail 2.055530786 



i 
Surface So11 F-tesi ,,~d T-Test - Lognormal 

F-Test Two-Sample for Variances 

MMA - MANGANES RU - MANGANESE 
Mean 6.066332948 6.23029537 
Variance 1.042873034 0.919758371 
Observations 12 16 
df 11 15 
F 1.1 33855443 
P(F<=f) one-tall 0.401603383 
F Critical one-tail 2.506808983 

F-Test Two-Sample for Variances 

MMA - VANADIUM NRU - VANADIUM 
Mean 3.078896381 3.503458269 
Variance 0.639724678 0.303625764 
Observations 13 16 
df 12 15 
F 2.106951235 
P(F<=f) one-tail 0.087030147 
F Critical one-tail 2.475310623 

F-Test Two-Sample for Variances 

MMA - ZINC NRU - ZINC 
Mean 3633143988 3.261213773 
Variance 0.846348504 0.35902507 
Observations 12 16 
df 11 15 
F 2.357352103 
P(F<=f) one-tail 0.062056864 
F Critical one-tail 2506808983 

t-Test: Two-Sample Assuming Equal Variances 

MMA - MANGANES RU - MANGANESE 
Mean 6.066332948 6.23029537 
Variance 1.042873034 0.919758371 
Observations 12 16 
Pooled Var~ance 0.971 845344 
Hypothesized Mean Difference 0 
df 26 
t Stat -0.435529267 

P(T<=t) one-tall 0.333386362 
t Critical one-tall 1.705616341 
P(T<=t) two-tail 0.666772723 
t Critical two-tail 2.055530786 

t-Test: Two-Sample Assuming Equal Variances 

MMA - VANADIUM NRU - VANADIIIM 
~ . . - - . . . . - . . . . . . . - . - . . . 

Mean 3.078896381 3.503458269 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean Difference 
df 
t Stat 

P(T<=t) one-tail 
t Critical one-tail 
P(T<=t) two-tail 
t Crit~cal two-tail 

1-Test: Two-Sample Assuming Equal Variances 

MMA - ZINC NRU - ZINC 
Mean 3.633143988 3.261213773 
Variance 
Observatrons 
Pooled Varlance 
Hypothesized Mean Difference 
df 
I Stat 

P(T<=t) one-tail 
t Crltical one-tail 
P(T<=t) two-tail 
t Critical two-tail 



Comparison of Two Samples (Mann-Whitney U Test) 
................................................................................ 
Sample 1: SSDATA.MMA - SS-AS 

Sample 2: SSDATA.NRU-SS - AS 

Test: Unpaired 

Average rank of first group = 12 based on 12 values. 
Average rank of second group = 16.375 based on 16 values. 
Large sample test statistic Z = 1.37025 
Two-tailed probability of equaling oz exceeding Z = 0.170607 
One-tailed probability of equaling or exceeding Z = 0.085304 

NOTE: 23 total observations. 

Comparison of Two Samples (Mann-Whitney U Test) 
................................................................................ 
Sample 1: SSDATA-MMA - SS - BA 

Sample 2: SSDATA.NRU - SS - BA 

Test: Unpaired 

Average rank of first group = 18.3333 based on 12 values. 
Average rank of second group = 11.625 based on 16 values. 
Large sample test statistic Z = -2.11257 
Two-tailed probability of equaling or exceeding Z = 0.0346371 
One-tailed probability of equaling or exceeding Z = 0.0173186 

NOTE: 28 total observations. 

Comparison of Two Samples (Mann-Whitney U Test) 
................................................................................ 
Sample 1: SSDATA.MMA - SS-BE 

Sample 2: SSDATA.NRU SS BE - - 

Test: Unpaired 

Average rank of first group = 12.8333 based on 12 values. 
Average rank of second group = 15.75 based on 16 values. 
Large sample test statistic Z = C.909004 
Two-tailed prcbability of equaling or exceeding Z = 0.363346 
One-tailed probability of eq~aling or exceeding Z = 0.181673 

NOTE: 28 total observations. 



Comparison of Two Samples (Mann-Whitney U Test) 

Sample 1: SSDATA.MMA SS CO - - 

Sample 2: SSDATA.NRU SS CO - - 

Test: Unpaired 

Average rank of first group = 11.25 based on 12 values. 
Average rank of second group = 16.9375 based on 16 values. 
Large sample test statistic Z = 1.78805 
Two-tailed probability of equaling or exceeding Z = 0.0737673 
One-tailed probability of equaling or exceeding Z = 0.0368837 

NOTE: 28 total observations. 

Comparison of Two Samples (Mann-Whitney U Test) 
................................................................................ 
Sample 1: SSDATA.MPIA - SS - PB 

Sample 2: SSDATA.NRU - SS - PB 

- Test: Unpaired 

Average rank of first group = 12.125 based on 12 values. 
Average rank of second group = 16.2813 based on 16 values. 
Large sample test statistic Z = 1.30022 
Two-tailed probability of equaling or exceeding Z = 0.193524 
One-tailed probability of equaling or exceeding Z = 0.096762 

NOTE: 28 total observations. 

Comparison of Two Samples (Mann-Whitney U Testj 
................................................................................ 
Sample 1: SSDATA.MMA - SS - NI 

Sample 2: SSDATA.NRU - SS - NI 

Test: Unpaired 

Average rank of first group = 13.9167 based on 12 values. 
Average rank of second group = 14.9375 based on 16 values. 
Large sample tesr s~atistic Z = 0.302418 
Two-tailed probability of equaling or exceeding Z = 2.76233 
One-tailed probabili~y of equaling or exceeding Z = 0.38117 - 
NOTE: 23 total observatl~ns 



Subsurface Soil F-test and T-Test - Normal 

F-Test Two-Sample for Variances t-Test. Two-Sample Assuming Equal Variances 

MMA - COPPER NRU - COPPER 
Mean 16.99545455 14.00689655 
Variance 107.6880736 100.7885222 
Observations 22 29 
df 21 28 
F 1 068455726 
P(F<=f) one-tail 0428449417 
F Critical one-tail 1 946222739 

F-Test Two-Sample for Variances 

MMA - IRON NRU - IRON 
Mean 32595.45455 31051.72414 
Variance 131659502.2 69987586.21 
Observations 22 29 
df 21 28 
F 1.881 18364 
P(F<=f) one-tail 0.0591 38964 
F Critical one-tail 1.946222739 

F-Test Two-Sample for Variances 

MMA - VANADIUM NRU - VANADIUM 
Mean 61.89545455 47.9137931 
Variance 414.5414069 209.4540887 
Observations 22 29 
df 2 1 28 
F 1.979151658 
P(F<=f) one-tail 0.045927057 
F Critical one-tail 1.946222739 

MMA - COPPER NRU - COPPER 
Mean 16.99545455 14.00689655 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean Difference 
df 
t Stat 
P(T<=t) one-tail 
t Critical one-tail 
P(T<=t) two-tail 
t Critical two-tail 

t-Test: Two-Sample Assuming Equal Variances 

MMA - IRON NRU - IRON 
Mean 32595.45455 31051.72414 
Variance 131659502.2 69987586.21 
Observations 22 29 
Pooled Variance 9641 8407.33 
Hypothesized Mean Difference 0 
df 49 
t Stat 0.556053698 
P(T<=t) one-tail 0.290352288 
t Critical one-tail 1.676551 165 
P(T<=t) two-tail 0.580704576 
t Critical two-tail 2.00957401 8 

t-Test: Two-Sample Assuming Unequal Variances 

MMA - VANADIUM NRU - VANADIUM 
Mean 61.89545455 47.91 37931 
Variance 414.5414069 209.4540887 
Observations 22 29 
Hypothesized Mean Difference 0 
df 36 
t Stat 2.738590104 
P(T<=t) one-tail 0.00476649 
t Critical one-tail 1.688297289 
P(T<=t) two-tail 0.00953298 
t Critical two-tail 2.028091 33 



1 
Subsurface Soil F-tes. d d  T-Test - Lognormal 

F-Test Two-Sample for Variances 

MMA -ALUMINUM NRU - ALUMINUM 
Mean 9.855045455 9.51 3896552 
Variance 0.21 2695093 0.24641 6596 
Observations 22 29 
df 2 1 28 
F 0.8631 52468 
P(F<=f) one-tail 0.368497093 
F Critical one-tail 0 49432991 

F-Test Two-Sample for Variances 

MMA -ARSENIC NRU - ARSENIC 
Mean 1.430409091 1.203275862 
Variance 1.356504348 0.314681207 
Observations 22 29 
df 2 1 28 
F 4.310725645 
P(F<=f) one-tail 0.000204895 
F Critical one-tail 1.946222739 

F-Test Two-Sample for Variances 

MMA - CHROMIUM NRU - CHROMIUM 
Mean 3.387590909 3 332 
Varrance 
Observations 
df 
F 
P(F<=f) one-tail 
F Critical one-tail 

t-Test: Two-Sample Assuming Equal Variances 

MMA - ALUMINUM NRU - ALUMINUM 
Mean 9.855045455 9 513896552 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean Difference 
df 
t Slat 
P(T<=t) one-tail 
t Critical one-tail 
P(T<=t) two-tail 
t Critical two-tail 

t-Test: Two-Sample Assuming Unequal Variances 

MMA - ARSENIC NRU - ARSENIC 
Mean 1.430409091 1.203275862 
Variance 1.356504348 0.314681207 
Observations 22 29 
Hypothesized Mean Difference 0 
df 28 
t Stat 0.843491 344 
P(T<=t) one-tail 0.203051 142 
t Critical one-tail 1.701 130259 
P(T<=t) two-tail 0.4061 02284 
t Critical two-tail 2.048409442 

t-Test: Two-Sample Assuming Equal Variances 

MMA - CHROMIUM NRU - CHROMIUM 
Mean 3.387590909 3.332 
Variance 0.1 91 487872 0.149019786 
Observatlons 22 29 
Pooled Variance 0.167220394 
Hypothes~zed Mean Difference 0 
df 49 
t Stat 0.480822084 
P(T<=t) one-tail 0.316391488 
I Critical one-tail 1.676551 165 
P(T<=t) two-tall 0.632782975 
t Critical two-tail 2.00957401 8 



Subsurface Soil F-test and T-Test - Lognormal 

F-Test Two-Sample for Variances t-Test: Two-Sample Assuming Equal Variances 

MMA - COBALT NRU - COBALT 
Mean 2.3655 2.463517241 
Variance 1.0458435 1.20874033 
Observations 22 29 
df 2 1 28 
F 0.865234223 
P(F<=f) one-tail 0.370683392 
F Cr~t~cal  one-tail 0.49432991 

F-Test Two-Sample for Variances 

MMA - MANGANESE NRU - MANGANESE 
Mean 5.615545455 5.239172414 
Variance 1.07562026 1.240569148 
Observations 22 29 
df 21 28 
F 0.867037732 
P(Fc=f) one-tail 0.372576871 
F Critical one-tail 0.49432991 

F-Test Two-Sample for Variances 

MMA - NICKEL NRU - NICKEL 
Mean 2.693090909 2.494344828 
Variance 0.614050372 0.982848663 
Observations 22 29 
df 21 28 
F 0.624765944 
P(Fc=f) one-tail 0.1 34919433 
F Critical one-tail 0.49432991 

MMA - COBALT NRU - COBALT 
Mean 2.3655 2.4635 1724 1 
Variance 
Observations 
Pooled Variance 
Hypothesized Mean Difference 
df 
t Stat 
P(Tc=t) one-tail 
t Critical one-tail 
P(Tc=t) two-tail 
t Critical two-tail 

t-Test: Two-Sample Assuming Equal Variances 

MMA - MANGANES RU - MANGANESE 
Mean 5.615545455 5.239172414 
Variance 1.07562026 1.240569148 
Observations 22 29 
Pooled Variance 1.169876767 
Hypothesized Mean Difference 0 
df 49 
t Stat 1.230760929 
P(Tc=t) one-tail 0.1 12143834 
t Critical one-la11 1.676551 165 
P(Tc=t) two-tall 0.224287669 
t Critical two-tail 2.009574018 

1-Test: Two-Sample Assuming Equal Variances 

Variance 0.614050372 0.982848663 
Observations 22 29 
Pooled Variance 0.824792252 
Hypothesized Mean Difference 0 
df 49 
t Stat 0.774018854 

P(T<=t) one-tail 0.221319139 
t Critical one-tail 1.676551 165 
P(T<=t) two-tail 0.442638277 
t Critical two-tail 2.00957401 8 



Subsurface Soil F-tet., ctnd T-Test - Lognormal 

F-Test Two-Sample for Variances 

MMA - ZINC NRU - ZINC 
Mean 4.192954545 3.01 2344828 
Variance 0.975241 855 0465526591 
Observalions 22 29 
df 21 28 
F 2094921909 
P(F<=f) one-tail 0.034084067 
F Critical one-tail 1.946222739 

I-Test: Two-Sample Assuming Unequal Variances 

MMA - ZINC NRU - ZINC 
Mean 4.192954545 3.01 2344828 

Variance 0.975241 855 0.465526591 
Observations 22 29 
Hypothesized Mean Difference 0 
d f 35 
t Stat 4.804556085 
P(T<=t) one-tail 1.4456E-05 

t Critical one-tail 1689572855 
P(T<=t) two-tail 2.891 19E-05 
t Crit~cal two-tail 2.0301 10409 



Comparison of Two Samples (Mann-Whitney U Test) 
................................................................................ 
Sample 1: SBDATA.MMA - BA - SB 

Sample 2: SBDATA.NRU - BA SB 

Test: Unpaired 

Average rank of first group = 33.5455 based on 22 values. 
Average rank of second group = 20.2759 based on 29 values. 
Large sample test statistic Z = -3.14858 
Two-tailed probability of equaling or exceeding Z = 1.64081E-3 
One-tailed probability of equaling or exceeding Z = 0.82041E-4 

NOTE: 51 total observations. 

Comparison of Two Samples (Mann-Whitney U Test) 
................................................................................ 
Sample 1: SBDATA.MMA - BE - SB 

Sample 2: SBDATA.NRU - BE - S3 

Test: Unpaired 

Average rank of first group = 25.1591 based on 22 values. 
Average rank of second group = 26.6379 based on 29 values. 
Large sample test statistic Z = 0.342808 
Two-tailed probability of equaling or exceeding Z = 0.731739 
One-tailed probability of equaling or exceeding Z = 0.3658:C 

NOTE: 51 total observations. 

Comparison of Two Samples (Mann-Whitney U Test) 
................................................................................ 
Sample 1: SBDATA.Mm - PB - S3 

Sample 2: SBDATA.NRU - PB - SB 

Test: Unpaired 

Average rank of first grcup = 31.9091 based on 22 values. 
Average rank of second group = 21.5172 based on 29 values. 
Large sample test statistic Z = -2.46313 
Two-tailed probability of equaling or exceeding Z = 0.0137729 
One-tailed probability of equaling or exceeding Z = 0.0068865 

NOTE: 51 total okservations. 



Appendix G 

Summary Statistics Output 



Statistical Output for Surface Soil Data (Table 4-11) 
Radford Army Ammunition Plant 

n \p\radford\dala ~ ~ ~ I ~ s I s \ S T A T I S T I C A L  OUTPUT xls(SS-all-data-2) 
Pr~nled 11/8/01 Page 1 of 3 



Statistical Output for Surface Soil Data (Table 4-11) 
Radford Army Ammunition Plant 

Page 2 of 3 



Statistical Output for Surface Soil Data (Table 4-11) 
Radford Army Ammunition Plant 

a Key for distribution type 
L = Passed lognormal distribution test. 
L* = Passed both normal and lognormal distribution tests, but lognormal distribution was a better fit 
LQ = Lognormal distribution assumed since it was close to passing lognormal distribution test. 
N = Passed normal distribution test. 
N' = Passed both normal and lognormal distribution tests, but normal distribution was a better fit. 
NQ = Normal distribution assumed since it was close to passing normal distribution test. 
U = Distribution undefined (nonparametric). 

EPA April 1992, Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance. 
Gilbert 1987, Statistical Methods for Environmental Pollution Monitoring, Van Nostrand Reinhold. New York. 

n-\p\ladford\dala analysis\STATISTICAL OUTPUT xls(SS-all-data-2) 
Prlnted: 11/8/01 Page 3 of 3 



Statistical Output for Subsurface Soil Data (Table 4-12) 
Radford Army Ammunition Plant 

n:\p\radford\data ~ ~ ~ I ~ S I ~ \ S T A T I S T I C A L  OUTPUT.xls(SB-all-dab-3) Printed: 11/8/01 Page 1 of 3 



Statistical Output for Subsurface Soil Data (Table 4-12) 
Radford Army Ammunition Plant 

n:\p\radford\data analysis\STATlSTlCAL OUTPUT.xls(SB-all-data-3) Printed: 1118101 Page 2 of 3 



Statistical Output for Subsurface Soil Data (Table 4-12) 
Radford Army Ammunition Plant 

a Key for distribution type 
L = Passed lognormal distribution test. 
L' = Passed both normal and lognormal distribulion tests, but lognormal distribution was a better fit. 
LQ = Lognormal distribution assumed since it was close to passing lognormal distribution test 
N = Passed normal distribution test. 
N' = Passed both normal and lognormal distribution tests, but normal distribution was a better fit. 
NQ = Normal distribution assumed since it was close to passing normal distribution test. 
U = Distribution undefined (nonparametric). 

EPA April 1992, Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance. 
Gilbert 1987, Statistical Methods for Environmental Pollution Monitoring. Van Nostrand Reinhold, New York. 

n:\p\radford\dala analysis\STATISTICAL OUTPUT.xls(St3-all_dala_3) Printed. 11/8/01 Page 3 of 3 



Statistical Output for Surface Soil Data - MMA (Table 4-13) 
Radford Army Ammunition Plant 

n \p\radford\dala analysis\STATISTICAL OUTPUT.xls(SS-MMA) 
Printed: 11/8/01 Page 1 of 3 



Statistical Output for Surface Soil Data - MMA (Table 4-13) 
Radford Army Ammunition Plant 

Estimated Mean - Lognormal (Eq 13.7) 

Page 2 of 3 



Statistical Output for Surface Soil Data - MMA (Table 4-13) 
Radford Army Ammunition Plant 

Statistics I SILVER I SODIUM ITHALLlUMl VANADIUM1 ZINC 1 
INO. of data points 12 I 12 1 12 1 12 1 12 1 
No. of detects 
Frequency of detects 
Minimum of detects 
Maximum of detects 
M~nimum of nondetects 
Maximum of nondetects 
Arithmetic Mean (Gilbert 1987. Eq 4.3) 
Arithmetic Std. Dev (Gilbert 1987, Eq 4.4) 
CV - Normal (Gilbert 1987. Sec 4.4.4) 

1 
8.33% 

NIA 
4.3 

< 0.56 
< 1.2 

Geometric Mean (Gilbert 1987, Eq 13.1) 
Geometric Std. Dev. (Gilbert 1987. Eq 13.2) 
Estimated Mean - Lognormal (Eq 13.7) 
Estimated Std. Dev. -Lognormal (Eq 13.8) 
Shapiro-Wllk Coefficient (95%) 
Shapiro-Wilk calc. - Normal (Gilbert 1987, Eq 12.3 B 12.4) 
Shaoiro-Wllk calc. - Loanor~nal (Gilbert 1987. Ea 12.3 B 12.4) 

0.70375 
1.138815 
1.61821 

" . . 
Shapiro-Francia Coefficient (EPA April 1992, 95%) 
Shapiro-Francia calc. - Normal (EPA April 1992) 
Shao~ro-Francia calc. - Loanormal (EPA Aoril 19921 

1 
8.33% 

NIA 
124 

< 120 
< 752 

" 

Distribution a 

Median (Gilbert 1987, Eq 13.15 8 13.16) 
UCL (95%) - Normal (Gilbert 1987, Eq 11.6) 
Std. Dev. - In transformed data 
H value 
UCL (95%) - Lognormal (Gilbert 1987, Eq 13.13) 
UCL (95%) - Non~arametric (Gilbert 1987. Ea 13.22) 

a Key for distribution type 
L = Passed lognormal distribution test. 
L" = Passed both normal and lognormal distribution tests, but lognormal distribution was a better fi t  
LQ = Lognormal distribut~on assumed since it was close to passing lognormal distribution test. 
N = Passed normal distribution test. 
N' = Passed both normal and lognormal distribution tests, but normal distribution was a better fil. 
NQ = Normal distribution assumed since it was close to passing normal distribution test. 
U = Distribution undefined (nonparametric). 

0.443204 
2.162503 
0.596725 
0.537968 

0.859 
0.409 
0.624 

EPA April 1992, Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance. 
Gilbert 1987. Statistical Methods for Environmental Pollution Monitoring, Van Nostrand Reinhold, New York. 

n:\p\radford!data analysis\STATISTlCAL OUTPUT.xls(SS-MMA) 
Printed: 11/8/01 

4 
33.33% 

1.3 
2.1 

< 1.1 
< 1.2 

249.125 
105.453593 
0.423296 

26.407366 
1.491859 

28.607023 
11.916898 

0.859 
0.908 
0.881 . - - -  

U 
< 0.63 

1.294143 
0.771267 
2.525176 
1.073495 

4.3 
21 1.276338 
468.805239 

216 
MGIKG 

, , . . 

Page 3 of 3 

28.283333 
10.247202 
0.362305 

1 
0.657129 
0.657129 

37.831 572 
2.50922 

57.761256 
66.641552 

0.859 
0.739 
0 954 

21 5.204264 
1.923136 

266.51 1561 
194.692941 

0.859 
0.775 
0.683 - - - -  

NIA 
NIA 
NIA 

N/A 
NIA 
NIA 

UTL (95%) - Normal (Gilbert 1987, Eq 11.2) 
UTL (95%) - Lognormal (Gilbert 1987, In Eq 11.2) 
UTL (95%) - Nonparametric (Gilbert 1987, Eq I l.l3,p=am) 
Units 

12 
100.00% 

14.7 
43.6 
NIA 
NI A 

55.783333 
56.832239 
1.018803 

0.84338 
1.786744 
0.998093 
0.631676 

0.859 
0.675 
0.693 

NIA 
NIA 
NIA 

12 
100.00% 

10 
216 
NIA 
NIA 

. - -  

N/ A 
NIA 
NIA 

U 
< 582 

303.794986 
0.653957 
2.3481 59 

423.442191 
124 

3.819549 
3.656332 

4.3 
MGIKG 

. .. 

NIA 
U 

< 1.2 
1.340673 
0.580395 
2.24551 3 
1.478527 

2.1 

N * 
30.25 

33.595759 
0.400023 
2.026027 
36.525636 

43.6 

L 
44.95 

85.246698 
0.919972 
2.77335 

124.66071 1 
216 

537.64603 
1287.95945 

< 752 
MGIKG 

2.797904 
4.127296 

2.1 
MGlKG 

56.319678 
78.894091 

43.6 
MGIKG 



Statistical Output for Surface Soil Data - NRU (Table 4-14) 
Radford Army Ammunition Plant 

Page 1 of 3 



Statistical Output for Surface Soil Data - NRU (Table 4-14) 
Radford Army Ammunition Plant 

n \p\radford\data analys~s\STATlSTlcAL OUTPUT xls(SS-NRU) 

Pr~nted.  1 1/8/01 Page 2 of 3 



Statistical Output for Surface Soil Data - NRU (Table 4-14) 
Radford Army Ammunition Plant 

" Key for distribution type 
L = Passed lognormal distribution test. 
L' = Passed both normal and lognormal distribution tests, but lognormal distribution was a better fit. 
LO = Lognormal distribution assumed since it was close to passing lognormal distribution test. 
N = Passed normal distribution test. 
N* = Passed both normal and lognormal distribution tests, but normal distribution was a better fit. 
NQ = Normal distribution assumed since it was close to passing normal distribution test. 
U = Distribution undefined (nonparametric). 

EPA April 1992, Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance 
Gilbert 1987, Statistical Methods for Environmental Pollution Monitoring, Van Nostrand Reinhold, New York 

VANADIUM 

16 
16 

100.00% 
12.2 
101 
NIA 
NIA 

38.09375 
21.167821 
0.555677 
33.230172 
1.735026 

0.887 
0.845 
0.938 
NIA 
NIA 
NIA 

L 
38.9 

47.37081 7 
0.551022 
2.106125 
52.191344 

101 
91.500161 
133.444807 

101 
MGIKG 

Statistics 

No. of data points 
No. of detects 
Frequency of detects 
M~nirnum of detects 
Maximum of detects 
Minimum of nondetects 
Maximum of nondetects 
Arithmetic Mean (Gilbert 1987, Eq 4.3) 
Arithmetic Std. Dev (Gilbert 1987. Eq 4.4) 
CV - Normal (Gilbert 1987, Sec 4.4.4) 
Geometric Mean (Gilbert 1987, Eq 13.1) 
Geometric Std. Dev. (Gilbert 1987, Eq 13.2) 
Shapiro-Wilk Coefficient (95%) 
Shapiro-Wilk calc. - Normal (Gilbert 1987, Eq 12 3 & 12.4) 
Shapiro-Wilk calc. - Lognormal (Gilbert 1987, Eq 12.3 & 12.4) 
Shapiro-Francia Coefficient (EPA April 1992, 95%) 
Shapiro-Francia calc. - Normal (EPA April 1992) 
Shapiro-Francia calc. - Lognormal (EPA April 1992) 
Distribution " 
Median (Gilbert 1987, Eq 13 15 & 13.16) 
UCL (95%) - Normal (Gilbert 1987, Eq 11.6) 
Std Dev. - In transformed data 
H value 
UCL (95%) - Lognormal (Gilbert 1987, Eq 13 13) 
UCL (95%) - Nonparametric (Gilbert 1987, Eq 13.22) 
UTL (95%) - Normal (Gilbert 1987, Eq 11.2) 
UTL (95%) - Lognormal (Gilbert 1987, In Eq 11.2) 
UTL (95%) - Nonparametric (Gilbert 1987, Eq 11.1 3,p=arn) 
Units 

Page 3 of 3 

ZINC 

16 
16 

100.00% 
7.1 
56.3 
NIA 
NIA 

30.281 25 
15.782742 
0.521205 
26.081175 
1.820638 

0.887 
0.929 
0.943 
NIA 
NIA 
NIA 
L ' 

28.2 
37.198238 
0.599187 
2.159106 

43.587059 
56.3 

70.101 109 
11 8.2691 07 

56.3 
MGIKG 

SODIUM 

16 
0 

0.00% 
NIA 
NIA 

< 110 
< 120 

58.4375 
2.393568 
0.040959 
58.39052 
1.042533 

NIA 
N /A 
N /A 
NIA 
NIA 
NIA 
NIA 

< 120 
59.48651 
0.041654 

1.743 
59.54705 

< 120 
64.47647 
64.86092 

< 120 
MGlKG 

SILVER 

16 
0 

0.00% 
NIA 
NIA 

< 1.1 
< 2.4 

0.621 875 
0.1 55958 
0.250787 
0.609757 
1.203385 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

< 1.2 
0.690226 
0.185139 
1.791 529 
0.67576 

< 2.4 
1.015357 
0.972787 

< 2.4 
MGIKG 

THALLIUM 

16 
0 

0 00% 
NIA 
NIA 
c 1.1 
c 1.2 

0.584375 
0.023936 
0.040959 
0.583905 
1.042533 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
NIA 

< 1.2 
0.594885 
0.041654 

1.743 
0.595471 

< 1.2 
0.644765 
0.648609 

< 1.2 
MGIKG 



Statistical Output for Subsurface Soil Data - MMA (Table 4-15) 
Radford Army Ammunition Plant 

n \p\radford\data ~ ~ ~ I ~ S I ~ \ S T A T I S T I C A L  OUTPUT.xls(SB-MMA) Printed 11/8/01 Page 1 of 3 



n-\p\radford\data analysis\STATlSTlCAL OUTPUT xls(SB-MMA) Printed: 1118101 Page 2 of 3 



Statistical Output for Subsurface Soil Data - MMA (Table 4-15) 
Radford Army Ammunition Plant 

a Key for distribution type 
L = Passed lognormal d~stribution test 
L' = Passed both normal and lognormal distribution tests, but lognormal distribution was a better fit. 
LQ = Lognormal distribution assumed since it was close to passing lognormal distribution test. 
N = Passed normal distribution test. 
N' = Passed both normal and lognormal distribution tests, but normal distribution was a better fit. 
NQ = Normal distribution assumed since it was close to passing normal distribution test. 
U = Distribution undefined (nonparametric). 

EPA Apr~l 1992, Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance 
Gilbert 1987, Statistical Methods for Environmental Pollution Monitoring, Van Nostrand Reinhold, New York. 

n \p\radford\dala analysis\STATISTICAL OUTPUT xls(SB-MMA) Printed. 11/8/01 Page 3 of 3 



Statistical Output for Subsurface Soil Data - NRU (Table 4-16) 
Radford Army Ammunition Plant 

n.\pkadford\data ~~~ I~S IS \STAT IST ICAL  OUTPUT.xls(SB-NRU) Printed. 11/8/01 Page 1 of 3 



Statistical Output for Subsurface Soil Data - NRU (Table 4-16) 
Radford Army Ammunition Plant 

n.\p\radford\dala analys!s\STATISTICAL OUTPUT xls(SB-NRU) Pnnted: 11/8/01 Page 2 of 3 



Statistical Output for Subsurface Soil Data - NRU (Table 4-16) 
Radford Army Ammunition Plant 

a Key for distribution type 
L = Passed lognormal distribution test. 
L' = Passed both normal and lognormal distribution tests, but lognormal distribution was a better fit. 
LQ = Lognormal distribution assumed since it was close to passing lognormal distribution test. 
N = Passed normal distribution test. 
N' = Passed both normal and lognormal distribution tests, but normal distribution was a better fit. 
NQ = Normal distribution assumed since it was close to passing normal distribution test. 
U = Distribution undefined (nonparametric). 

EPA April 1992, Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance 
Gilbert 1987, Statistical Methods for Environmental Pollution Monitoring, Van Nostrand Reinhold. New York. 

n.\p\radford\data analysisiSTATlSTlCAL OUTPUT.xls(SB-NRU) Printed: 11/8/01 Page 3 of 3 



Statistical Output for Total Soil Data (Table 4-19) 
Radford Army Ammunition Plant 

n.\pkadford\data analysis\STATISTICAL OUTPUT xls(Total-all-data-3) Printed 11/8/01 Page 1 of 3 



Statistical Output for Total Soil Data (Table 4-19) 
Radford Army Ammunition Plant 

n \p\radford\data analysis\STATlSTlCAL OUTPUT.kls(Tolal-all-data-3) Prinled: 11/8/01 Page 2 of 3 



Statistical Output for Total Soil Data (Table 4-19) 
Radford Army Ammunition Plant 

a Key for distribution type 
L = Passed lognormal distribution test. 
L' = Passed both normal and lognormal distribution tests, but lognormal distribution was a better fit. 
LQ = Lognormal distribution assumed since it was close to passing lognormal distribution test. 
N = Passed normal distribution test. 
N' = Passed both normal and lognormal distribution tests, but normal distribution was a better fit. 
NQ = Normal distribution assumed since it was close to passing normal distribution test. 
U = Distribution undefined (nonparametric) 

EPA April 1992, Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities, Addendum to Interim Final Guidance. 
Gilbert 1987, Statistical Methods for Environmental Pollution Monitoring, Van Nostrand Reinhold, New York. 

n \p\radford\dala analysis\STATISTICAL OUTPUT xls(To1al-all-data-3) Pr~nted. 11/8/01 Page 3 of 3 




