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EXECUTIVE SUMMARY 

The Oscura and Red Rio Practice Bomb Disposal Areas are two inactive, interim status 

RCRA sites located on White Sands Missile Range, New Mexico. Both sites are located 

adjacent to active bombing and gunnery ranges and were previously used for detonation, 

burning, and burial of wastes generated on these ranges. This report presents the methods 

and results of investigations of the nature and extent of hazardous materials and 

environmental contamination at these sites. Formal RCRA closure plans are presented in 

following report conclusions. 

Investigation results document the absence of hazardous wastes at both sites. Minor 

residual soil contamination by hazardous waste constituents is determined to present no 

unacceptable risks to human health. The potential for migration of hazardous waste 

constituents from the sites is shown to be extremely low. 

The report recommends additional site closure activities to ensure consistency with the 

intent of RCRA Subtitle D and the New Mexico Solid Waste Management Regulations in 

effect at the time disposal operations ceased. The RCRA closure plans request a 

determination from the New Mexico Environment Department under 40 CFR Part 

270.l(c)(5) that post-closure permits are not required for the Oscura and Red Rio Practice 

Bomb Disposal Areas. The date of receipt of notification of this determination will be 

considered to be the date of completion of closure for the sites. 

WS#617 ii 



TABLE OF CONTENTS 

SECTION PAGE 

E)(EClJ1ri"E SlJJvllVIAFt1r ...................................... ii 
TABLE OF CONTENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii 
LIST OF FIGlJRES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi 
LIST OF TABLES .......................................... vii 
1.0 INTFtODlJCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1 

1.1 SITE BACKGFtOlJND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.2 
1.2 FtCFtA STATlJS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.4 
1.3 OBJECTI"ES OF THE SITE E"ALlJATIONS . . . . . . . . . . . . . . . . . 1.4 

2.0 SITE FEATlJRES AND HISTOFt1r . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.1 
2.1 SITE DESCFtiPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.1 

2.1.1 Climate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.3 
2.1.2 Geology ..................................... 2.3 
2.1.3 Hydrology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.4 
2.1.4 Biota . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.6 
2.1.5 Land llse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.7 

2.2 SITE lJSAGE AND OPEFtA TIONS . . . . . . . . . . . . . . . . . . . . . . . . 2. 7 
2.2.1 Summary of Disposal Practices . . . . . . . . . . . . . . . . . . . . . . . 2.9 
2.2.2 Possible Waste Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.10 
2.2.3 PotentiallVIigration Pathways . . . . . . . . . . . . . . . . . . . . . . . 2.12 

2.3 PRE"IOlJS IN'fESTIGATIONS . . . . . . . . . . . . . . . . . . . . . . . . . 2.12 

3.0 FIELD IN'fESTIGATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.1 
3.1 lVIETHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.2 

3 .1.1 Topographic Surveys . . . . . . . . . . . . . . . . . . . . . ·. . . . . . . . 3. 2 
3 .1. 2 Geophysical Surveys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 3 
3 .1. 3 Surface Soil Sampling Program . . . . . . . . . . . . . . . . . . . . . . . 3.4 
3.1.4 Subsurface Soil Sampling Program . . . . . . . . . . . . . . . . . . . . . 3. 7 

3.2 RESlJLTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.11 
3.2.1 Geophysical Investigation . . . . . . . . . . . . . . . . . . . . . . . . . 3.11 
3.2.2 Surface Soil Sample Ftesults . . . . . . . . . . . . . . . . . . . . . . . . 3.14 
3.2.3 Subsurface Soil Sampling Ftesults . . . . . . . . . . . . . . . . . . . . . 3.23 

4.0 QUALIT1r ASSlJFtANCE/QlJALIT1r CONTFtOL . . . . . . . . . . . . . . . . . . 4.1 
4.1 FIELD ACTI"mES QA/QC . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.2 

WS#617 

4.2 FIELD QC SAlVIPLING DATA ........................... 4.2 
4.2.1 Split and Co-Located QA/QC Analyses . . . . . . . . . . . . . . . . . 4.3 
4.2.2 Decontamination Ftinsate Samples . . . . . . . . . . . . . . . . . . . . . 4.8 

4.3 ANALITICAL LABOFtATOFt1r DATA "ALIDATION . . . . . . . . . . 4.10 

111 



TABLE OF CONTENTS (cont) 

SECTION PAGE 

5.0 RISK ASSESSMENT .................................... 5.1 
5.1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.1 
5.2 SELECTION OF CONTAMINANTS OF CONCERN ............. 5.1 

5.2.1 Oscura Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.3 
5.2.2 Red Rio ..................................... 5.5 

5.3 EXPOSURE ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.6 
5.3.1 Site Receptors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.6 
5.3.2 Pathway Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.9 
5. 3. 3 Exposure Scenarios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 9 
5.3.4 Ingestion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.10 

5.4 METHODS OF RISK CHARACTERIZATION . . . . . . . . . . . . . . . . 5.11 
5.5 NONCARCINOGENIC RISK CHARACTERIZATION . . . . . . . . . . . 5.11 
5.6 CARCINOGENIC RISK CHARACTERIZATION . . . . . . . . . . . . . . 5.12 
5.7 RISK CHARACTERIZATION . . . . . . . . . . . . . . . . . . . . . . . . . . 5.14 

5.7.1 Oscura Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.14 
5.7.2 Red Rio Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.14 

5.8 LEVEL OF UNCERTAINTY . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.16 
5.9 RISK ASSESSMENT CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . 5.16 

6.0 SUMMARY OF FINDINGS ................................ 6.1 
6.1 DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.1 
6.2 CONCLUSIONS AND RECOMMENDATIONS ................ 6.3 

7.0 CLOSURE PLANS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.1 

WS#617 

7.1 CLOSURE PLAN FOR THE OSCURA PRACTICE BOMB DISPOSAL 
AREA .......................................... 7.1 
7 .1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.1 
7 .1. 2 Site Description and History . . . . . . . . . . . . . . . . . . . . . . . . . 7. 2 
7 .1. 3 Waste Description and Investigation Results . . . . . . . . . . . . . . . 7. 3 
7.1.4 Closure Plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.4 
7.1.5 Closure Certification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.4 
7 .1. 6 Partial Closure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7. 5 
7 .1. 7 Financial Assurance Requirements . . . . . . . . . . . . . . . . . . . . . 7. 5 
7 .1. 8 Closure Performance Standard . . . . . . . . . . . . . . . . . . . . . . . 7. 5 
7.1.9 Anticipated Life of the Facility . . . . . . . . . . . . . . . . . . . . . . . 7.5 
7.1.10 Waste Inventory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.5 
7.1.11 Post-Closure Care Requirements . . . . . . . . . . . . . . . . . . . . . 7.6 
7.1.12 Closure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.6 

lV 



TABLE OF CONTENTS (cont) 

SECTION PAGE 

7.1.13 Dispute Resolution .............................. 7.7 
7 .1. 14 Request for an Equivalency Determination . . . . . . . . . . . . . . . 7. 8 

7.2 CLOSURE PLAN FOR THE RED RIO PRACTICE BOMB DISPOSAL 
AREA .......................................... 7.9 
7.2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.9 
7.2.2 Site Description and History . . . . . . . . . . . . . . . . . . . . . . . . 7.10 
7.2.3 Waste Description and Investigation Results . . . . . . . . . . . . . . 7.11 
7.2.4 Closure Plan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.12 
7.2.5 Closure Certification . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.12 
7. 2. 6 Partial Closure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7. 13 
7.2.7 Financial Assurance Requirements . . . . . . . . . . . . . . . . . . . . 7.13 
7.2.8 Closure Performance Standard . . . . . . . . . . . . . . . . . . . . . . 7.13 
7.2.9 Anticipated Life of the Facility . . . . . . . . . . . . . . . . . . . . . . 7.13 
7.2.10 Waste Inventory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.13 
7.2.11 Post-Closure Care Requirements . . . . . . . . . . . . . . . . . . . . 7.14 
7.2.12 Closure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.14 
7.2.13 Dispute Resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.15 
7. 2. 14 Request for an Equivalency Determination . . . . . . . . . . . . . . 7.16 

8.0 REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.1 

APPENDICES 

A Geophysical Surveys at the Oscura Site 
B Geophysical Surveys at the Red Rio Site 
C Subsurface Logs, Oscura and Red Rio Sites 
D Field Surveillance and Laboratory Audit Reports 
E Field and Laboratory QA/QC 
F Field Notes 
G Supplemental Risk Assessment Information 

WS#6/7 V 



LIST OF FIGURES 

FIGURE PAGE 

1.1 Location of White Sands Missile Range, New Mexico . . . . . . . . . . . . . 1.3 
2.1 Location of the Oscura and Red Rio Practice Bomb Disposal Areas. . . . . 2.2 

Plate 1 Topographic Map of the Oscura Site . . . . . . . . . . . . . . . . (Following Text) 
Plate 2 Topographic Map of the Red Rio Site . . . . . . . . . . . . . . . (Following Text) 
Plate 3 Surface Soil Sampling Locations, Oscura Site . . . . . . . . . . (Following Text) 
Plate 4 Surface Soil Sampling Locations, Red Rio . . . . . . . . . . . . (Following Text) 
Plate 5 Subsurface Soil Sampling Location, Oscura Site . . . . . . . . . (Following Text) 
Plate 6 Subsurface Soil Sampling Location, Red Rio Site . . . . . . . . (Following Text) 

WS#617 vi 



TABLE 

2.1 
2.2 
2.3 
2.4 

3.1 
3.2 

3.3 

3.4 

3.5 

3.6 
3.7 
3.8 

3.9 
3.10 

3.11 
3.12 

3.13 
4.1 

4.2 

5.1 

5.2 

5.3 
5.5 
5.6 
5.7 
5.8 

WS#617 

LIST OF TABLES 

PAGE 

Observed Fauna at the Oscura site, February 1991 . . . . . . . . . . . . . . . 2.8 
Observed Fauna at the Red Rio site, February 1991 . . . . . . . . . . . . . . 2.8 
Individuals Interviewed for Site History Information . . . . . . . . . . . . . . 2.9 
Analytical results for "Burn Pit Soil" samples collected at the Oscura 
and Red Rio practice bomb disposal areas, 1985 USAEHA Investigation ... 2.9 
Summary of Analytical Methods for Surface and Subsurface Soil Samples. 3.8 
Estimated Volumes Encompassing Buried Wastes at the Oscura and 
Red Rio sites. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.13 
Detection Limits Achieved for Explosive Compounds (USATHAMA Methods) in 
Soil and Water Samples. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.15 
Summary of Semivolatile Organic Compounds Above Detection Limits in Oscura 
Surface Soil Samples, May 1991. . . . . . . . . . . . . . . . . . . . . . . . . . 3.16 
Range of Detection Limits Achieved for Semivolatile Organic Compounds 
(EPA Methods) in Water Samples. . . . . . . . . . . . . . . . . . . . . . . . . 3.17 
Typical Metals Concentrations in Soils of the Western United States . . . 3.18 
Surface Soil Metals Concentrations at the Oscura Site, May 1991. . . . . . 3.19 
Summary of Semivolatile Organic Compounds Above Detection Limits 
in Red Rio Surface Soil Samples, April 1991 . . . . . . . . . . . . . . . . . . 3.21 
Surface Soil Metals Concentrations at the Red Rio Site, Apri11991 . . . . 3.22 
Summary of Semivolatile Organic Compounds Above Detection Limits in Oscura 
Subsurface Soil Samples, May 1991 . . . . . . . . . . . . . . . . . . . . . . . 3.25 
Subsurface Soil Metals Concentrations at the Oscura Site, May 1991 . . . 3.27 
Summary of Semivolatile Organic Compounds Above Detection Limits 
in Red Rio Subsurface Soil Samples, April 1991 . . . . . . . . . . . . . . . . 3.32 
Subsurface Soil Metals Concentrations at the Red Rio Site, April 1991 . . 3.33 
Soil Split Samples with Relative Percent Difference Values 
Exceeding 35 Percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.5 
Soil Co-located Samples with Relative Percent Difference Values Exceeding 35 
Percent .......................................... 4.7 
Summary of Contaminant of Concern Selection Criteria for Analyzed 
Constituents in Oscura Surface Soil Samples. . . . . . . . . . . . . . . . . . . . 5.4 
Summary of Contaminant of Concern Selection Criteria for Analyzed 
Constituents in Red Rio Surface Soil Samples . . . . . . . . . . . . . . . . . . 5. 7 
Exposure Assessment Pathways . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 8 
Carcinogenic Weight of Evidence Classification . . . . . . . . . . . . . . . . 5.13 
Noncarcinogenic Characterization of Risks for Oscura Surface Soils . . . . 5.15 
Carcinogenic Characterization of Risk for Oscura Surface Soils . . . . . . 5.15 
Noncarcenogenic Characterization of Risks for Red Rio Surface Soils. . . 5.16 

Vll 



1.0 INTRODUCTION 

The U.S. Department of the Army, White Sands Missile Range (WSMR), New Mexico 

is responsible for operation, maintenance, and closure of Resource Conservation and 

Recovery Act (RCRA) hazardous waste sites at WSMR. The Director of Engineering, 

Housing, and Logistics at WSMR has selected two, inactive disposal sites for evaluation of 

closure options. Both sites were identified on a Part A RCRA permit application and are 

therefore regulated as interim status RCRA sites. The two sites, the Oscura and Red Rio 

practice bomb disposal areas, are located in the northeast portion of WSMR. Both sites are 

located adjacent to active bombing and gunnery ranges and were previously used for 

detonation, burning, and burial of wastes generated on these ranges. 

Previous to this site evaluation, little was known about the nature and extent of 

contamination, if any, at either of the practice bomb disposal areas. As a result, detailed site 

evaluations were required before closure plans could be prepared. In early to mid 1991, 

field investigations consisting of topographic and geophysical surveys as well as surface and 

subsurface soil sampling were conducted at both the Oscura and Red Rio sites. The 

objective of the investigations was to collect sufficient data regarding possible site 

contamination, to describe the current and potential risks associated with the sites, and to 

develop an approach to their closure. 

This report summarizes the site evaluation activities at both the Oscura and Red Rio 

practice bomb disposal areas. Section 1 details the purpose and scope of the investigations, 

site background, and RCRA status of each disposal unit. A profile of site features and 

history is provided in Section 2. Section 3 discusses the methods used to conduct the field 

investigation and the results obtained. Quality assurance issues relevant to the investigation 

are discussed in Section 4. An assessment of the potential human health risks posed by the 

sites is described in Section 5. The findings and conclusions of the investigations are 

summarized in Section 6. Formal RCRA Closure Plans are presented in Section 7. 

References are furnished in Section 8. 
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1.1 SITE BACKGROUND 

Located in South-Central New Mexico, WSMR was established in 1945 as the White 

Sands Proving Ground, with command and operational responsibilities assigned to the 

Ordnance Corps, Department of the Army (Figure 1.1). In 1958 the installation's name was 

changed to WSMR and in 1961 WSMR was classified by the Department of Defense as a 

National Range, to be available to all U.S. Government users on a common basis. In 1962, 

the range was placed under the command jurisdiction of the U.S. Army Materiel Command 

(U.S. Army Corps of Engineers, USACOE 1985). 

Exact dates of initiation of use of the Oscura and Red Rio practice bomb disposal sites 

are not known. A representative of Holloman Air Force Base, which is located adjacent to 

WSMR, and is currently responsible for operating the two ranges, reports that the Oscura 

site opened in 1960 or 1961 and that Red Rio began operations in 1963 (Hoppes 1990, 

personal communication). Analysis of U.S. Geological Survey aerial photographs taken in 

1973 suggest the presence of linear pits at both sites, possibly used for open burning, 

detonation, and burial of practice bombs, small arms ammunition, and other wastes generated 

on bombing and gunnery ranges located adjacent to the sites. A report produced by the U.S. 

Army Environmental Hygiene Agency (USAEHA 1988) indicates that disposal was occurring 

at the Red Rio site as recently as 1987. The same investigation found that although one 

disposal unit was still open at the Oscura site in 1987, disposal operations had ceased at the 

site. Holloman Air Force Base personnel report that disposal operations ceased at both sites 

in October, 1988 (Hoppes 1990, personal communication). Since this time, wastes generated 

onsite have been taken to Holloman for recycling (Broka 1990, personal communication). 
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FIGURE 1. 1. Location· of White Sands Missile Range, New Mexico 
Source: USAEHA 1988 
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1.2 RCRA STATUS 

WSMR has submitted an application to the State of New Mexico for a RCRA Part A 

permit to operate hazardous waste facilities. The Oscura and Red Rio sites are identified on 

the Part A permit application as inactive interim status hazardous waste disposal facilities. 

Subpart G of the RCRA regulations as adopted by the State of New Mexico (NM HWMR-6, 

Part VI, 40 CFR Part 265) requires the preparation of closure plans describing how these 

facilities will be closed in accordance with Section 265.111. Closure plans have not been 

specifically requested by the regulatory agencies for the Oscura or Red Rio sites. However, 

WSMR is acting in advance of any such request by evaluating options for the closure of 

these two sites. 

1.3 OBJECTIVES OF THE SITE EVALUATIONS 

The objective of the site evaluations was to collect sufficient data regarding possible site 

contamination to describe the current and potential risks associated with the sites and for the 

purpose of developing an approach to their closure. Sufficient data were not available prior 

to the site evaluations to accomplish this task. Specific objectives of the field investigations 

included: 

• Develop the necessary baseline maps to display the information obtained 
from the field investigation. 

• Locate and delineate buried wastes at each practice bomb disposal site. 

• Determine the presence or absence of site-related contaminants in surface 
soils at each site. 

• Provide information regarding the distribution and concentrations of 
contaminants in surface soils, if present. 

• Obtain information regarding subsurface conditions at each site. 
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• Investigate the presence or absence of site related contaminants in subsurface 
soils adjacent to and beneath buried waste. 

• Provide information regarding the distribution and concentrations of 
contaminants in subsurface soils, if present. 

The accomplishment of these objectives provided the data necessary to prepare closure 

plans for the two practice bomb disposal areas. Investigation into potential migration 

pathways for contaminants at the surface (e.g. windblown contaminated soil or surface water 

runoff) and in the subsurface (e.g. leaching to groundwater) would be recommended as part 

of closure, if appropriate. 
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2.0 SITE FEATURES AND HISTORY 

2.1 SITE DESCRIPTION 

The Oscura and Red Rio practice bomb disposal areas are located in the northeast 

portion of WSMR, approximately 15 mi apart (Figure 2.1). Despite their proximity, the two 

sites are characterized by differences in topography, geology, and vegetation. 

The Oscura Bombing and Gunnery Range is located near longitude 106 o 13'; latitude 

33°32' (T9S, R7E, Section 9) in Lincoln County, New Mexico, at an elevation of about 

4700 ft. The Oscura Range is roughly 10.5 mi long and 4 mi wide consisting of 26,400 ac. 

The local topography is relatively flat and slopes gently to the south-southeast. The site itself 

occupies an area of about 10 ac and, in addition to the disposal activities, has been used 

periodically as a storage area for cars, trucks, helicopters, and other equipment used as 

bombing and gunnery targets. 1 The site is partially surrounded by berms and mounds of dirt 

installed, presumably, to prevent erosion of the site and to redirect any surface water flow to 

a pond west of the site. There are several signs around the site which read: "Munitions 

Residue Burial Site. " 

The Red Rio Bombing and Gunnery Range is located near longitude 106 o 15'; latitude 

33°45' (T6S, R7E, Sections 20 and 29) in Socorro County, New Mexico, at an elevation of 

about 6300 ft. The range is oval-shaped and approximately 9 mi long and 6 mi wide 

consisting of 29,500 ac. The local topography consists of hills and valleys with up to 

700-800 ft of relief. The hills represent outcrops of sandstone and limestone while the 
7 

valleys have been formed by erosion of less resistent geologic units. ~The disposal site lies 

within a small valley and is about 1.5 ac in size. A sign at the site reads: "DANGER: 

Munitions Burial Area. " 
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FIGURE 2.1. Location of the Oscura and Red Rio Practice Bomb Disposal Areas. 
Source: USAEHA 1988 and edited for this document. 
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2 .1.1 Climate 

Both the Red Rio and Oscura sites have climates typical of the desert southwest. The 

average temperatures in summer for lower elevation portions of WSMR, such as the Oscura 

site, range from highs of 35°C (95°F) to lows of l7°C (67°F) at night, while winter 

temperatures average highs of 14°C (57°F) in the day to -4°C (25°F) at night 

(USACOE 1985). Temperatures at the Red Rio site probably differ slightly, being on 

average a few degrees cooler than Oscura, because it is about 1,600 ft higher in elevation. 

Weather conditions at the two sites are typically dry with humidities averaging 35 percent. 

Precipitation is highest in the summer with over 50 percent of the 7 to 13-in. annual rainfall 

occurring in the summer months. During this time of year weather from the southeast brings 

moisture from the Gulf of Mexico, increasing rainfall. During fall, winter, and spring 

WSMR experiences westerly winds averaging 7 mph but exceeding 34 mph during stormy 

weather (USACOE 1985). 

2.1.2 Geolo~y 

The Oscura and Red Rio sites lie at the north end of the Tularosa Basin, a north-south 

oriented structural trough tectonically related to the late-Cenozoic Rio Grande Rift to the 

west. The northern Tularosa Basin is bordered, by the San Andres and Oscura Mountains to 

the west and the Sacramento Mountains to the east. 

I The Oscura site lie~ about 3 to 4 mi southeast of the Oscura Mountains and rests on 

alluvial fan deposits derived from this range. Geologic formations exposed deposits in the 

Oscura Mountains consist primarily of Permian age sandstones, limestones, shales, 

conglomerates, siltstones, and some evaporates. The fan deposits slope slightly to the 

southeast, grading toward the center of the Tularosa Basin. The total thickness of the 

alluvial deposits is not known, but could be upwards of several thousand feet 

(McLean 1970). 
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According to a soil survey of WSMR [U.S. Department of Agriculture Soil 

Conservation Service (USDA SCS) 1976], soils in the Oscura site are mapped as the 

Sotim-Russler association. This unit consists of about 60 percent Sotim clay loam and 25 

percent Russler silt loam. Both soil types develop on nearly level to gently sloping surfaces 

on old alluvial fans. Runoff is medium and the potential for water erosion is severe. Soil 

blowing potential is moderate. Permeability ranges from moderately low to moderately high 

and the risk of corrosion to uncoated steel is considered high due to the presence of salts. 

Soil pH ranges from 7.4 to 8.4. 

The Red Rio site, located about 15 mi north of the Oscura site, is in a area of eroded 

Permian bedrock and discontinuous, thin, unconsolidated deposits. Exposed in the Red Rio 

area are the Permian Abo, Yeso, and San Andres formations. These deposits dip gently 

eastward at less than 6 deg (Weir 1965). Sandstone, gypsum, siltstone, and limestone of the 

Yeso Formation are the most prominently exposed around the site. The sandstone and 

limestone are more competent than the gypsum and siltstone beds which tend to form slopes. 

The Red Rio practice bomb disposal area lies within a small valley formed as a result of 

erosion of the Yeso Formation. Alluvium is present as a thin fill in the valley and is 

probably less than 50 ft thick. 

Soils at and around the Red Rio site have been mapped as "rock land" and the La Fonda 

association. The La Fonda association is the dominant soil type at the Red Rio Site. The 

unit consists primarily of the La Fonda Loam, a soil described as moderately permeable with 

a high potential for water erosion and a low potential for soil blowing. The risk of corrosion 

to uncoated steel is considered moderate and soil pH ranges from 6.6 to 8.4 (USDA 

scs 1976). 
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2. 1. 3 Hydrology 

Very little site-specific information is available for either the Oscura or Red Rio sites 

regarding ground water conditions. General information, however, is available in Weir 

(1965), McLean (1970), and various annual water-resources reviews, such as Cruz (1983). 

In the Tularosa Basin, ground water moves generally southward and toward the axis of 

the basin, away from areas of recharge on alluvial sediments adjacent to the mountains and 

hills. In the northern part of the Basin, much ground water is discharged into Salt Creek, at 

Mound Springs (TlOS, R6E, Section 23), and at Malpais Spring (T12S, R7E, Section 8). 

Ground-water gradients range from about 100-200 ft/mi near the margin of the basin to about 

20 ft/mi in the central part of the basin (Weir 1965). 

Alluvium contains large quantities of ground water throughout ~ost of the central part 

of the Tularosa Basin, although nearly all of this water is of poor quality due to high 

concentrations of dissolved solids. The depths to water in the Basin alluvium range from 

zero, near Salt Creek, to approximately 330 ft below the land surface. 

As discussed earlier, the Oscura site is located on alluvial fan deposits derived from the 

Oscura Mountains. Ground water beneath the site probably occurs under unconfined 

conditions. The depth to ground water is not precisely known, but a well located in the same 

section, apparently near the site with a field designation "New Mills" (T9S, R7E, Section 9), 

indicates that ground water was about 200ft below the surface in 1955. The exact location 

of this well is not known. Water quality analysis conducted at that time show the water to be 

nonpotable due to high sulfate content (Weir 1965). More recent sampling at the Oscura 

Range Center (approximately 4 miles to the southeast of the site, T9S, R7E, Section 5) in 

1982 confirmed 
1 
poor ground water quality, relegating this water for use only in fire fighting 

and other applications for which non-potable water is appropriate (Cruz 1983). 
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Surface water at the Oscura site exists intermittently as overland flow resulting from 

intense local rainfall and/or rapidly melting snow. Berms constructed to the north and west 

of the site generally direct surface flow to the man-made pond west of the site. The pond 

contains water when the inflow exceeds seepage and evaporation, and therefore contains 

standing water only periodically during the year. Historical aerial photographs suggest the 

pond was constructed for stock watering purposes while the land was under private 

ownership. 

Less information exists concerning ground-water conditions at the Red Rio site. As 

mentioned earlier, the site is located in a small valley containing a thin veneer of alluvium. 

Ground water may be present in this alluvium or, more likely, in the bedrock below it. A 

stock well, designated "Little Robinson's", is located approximately 1.5 mi to the west of the 

Red Rio site. Because it was drilled in an area of slightly different geologic conditions, 

extrapolation of hydrogeologic data is tenuous. Sampled in 1954 and 1956, water in this 

well was reported to be at a depth of about 315 feet and of potable quality (Weir 1965). 

There are no surface water bodies located near the Red Rio site. Surface water exists 

only as overland flow during intense local rainfall and/or rapid snowmelt. There is an 

arroyo several hundred yards to the north but the flow in it is largely dispersed and 

infiltrated before reaching the site. A man-made channel about two feet wide diverts some 

of the remaining surface flow toward the disposal area. During the 1991 field work, 

however, there was little evidence of recent flow in the channel. 

2. 1.4 .lllilla 

Vegetation at the Oscura site is sparse due to the low precipitation, high evaporation, 

and unfavorable soil conditions. Vegetation consists primarily of desert bunch grasses, such 

as grama and burrograss, which tend to grow in clumps, leaving large areas of barren soil. 

Ground cover vegetation also noted include mesquite, prickly pear cactus, yucca, cholla 
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cactus, and creosote bush. Where surface water flows intermittently, such as the area around 

the pond, vegetation is more dense. 

Vegetation at the Red Rio site is somewhat less sparse than at the Oscura site probably 

due to slightly greater precipitation, cooler temperatures, and more favorable soil conditions. 

The area around the site is dominated by grama and muhly grasses, creosote, prickly pear 

and cholla cactus, mesquite, and juniper. 

Fauna at the two sites are similar. Tables 2.1 and 2.2 list the fauna observed or in 

evidence during the February 1991 site visits. Other mammals not observed but likely to be 

present near the sites include coyote, kangaroo rats, cottontail rabbits, pocket gophers, 

prairie dogs, skunks, and porcupines. Additionally, bird species likely include varieties of 

dove, quail, warblers, falcons, and hawks. Reptiles include several varieties of lizards, such 

as whiptails, horned toads, and snakes, such as rattlesnakes and bullsnakes. 

2.1.5 Land Use 

The Oscura and Red Rio bombing and gunnery ranges are located within WSMR and 

are under the control of the U.S. Army Test and Evaluation Command. Both sites are used 

on a daily basis by aircraft and helicopters from all branches of U.S Armed Forces as 

practice air-to-ground gunnery, strafing, and bombing ranges. These ranges are located 

away from population centers and public land use areas, making them well suited for this 

purpose. 

2.2 SITE USAGE AND OPERATIONS 

This section summarizes burning, detonation, and burial operations at the Oscura and 

Red Rio practice bomb disposal sites. This information was determined from documents on 

file with WSMR, on-site interviews with staff of WSMR, Holloman Air Force Base, and 
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TABLE 2 .1. Observed Fauna at the Oscura site, February 1991 

Common Name Genus Species 

Antelope Antilocapra Americana 

Badger Taxides taxus 

Mule deer (tracks/scats) Odocoileus hemionus 

Wild Horses 

Ring Tailed Cat (tracks) Bassaricus astutus 

Black Tailed Jack Rabbit Lepus californicus 

Great Horned Owl (pellets) Buba virginianus 

Mexican Duck Anas platyrhynchos 

Lesser Scaup Aythya affinis 

Ash Throated Flycatcher Mylarchus cinerascens 

Black Throated Sparrow Amphispiza bilineata 

Western Kingbird Tyrannus verticalis 

TABLE 2.2. Observed Fauna at the Red Rio site, February 1991 

Common Name Genus Species 

Antelope Antilicapra americana 

Ash Throated Flycatcher Myiarchus cinerascens 

Badger Taxides taxus 

House Wren Troglodytes aedon 

Says Phoebe Sayornis saya 

Gemsbok Oryx gazella 

Mule Deer (tracks/scats) Odocoileus hemionus 

Kill Deer Charadrius vociferous 

Mountain Plover Chardadrius montanus 

Blacktail Jack Rabbit (tracks) Lepus californicus 

Black Throated Sparrow Amphispiza bilineata 

Mouse Peromyscus 
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Loral Aerospace (formerly Ford Aerospace), and subsequent telephone conversations. 

Table 2.3 lists the personnel interviewed. Background data identified to date for these sites 

are limited. However, several USAEHA documents were useful in providing general site 

information. 

The U.S. Air Force uses several areas at WSMR for bombing and gunnery practice 

including the Oscura and Red Rio Ranges. Both of these sites are currently operated by 

Loral Aerospace under contract to Holloman Air Force Base. The Oscura site is used by 

training and tactical fighter aircraft for air-to-ground gunnery and strafing practice and for 

bombing practice. 

TABLE 2.3. Individuals Interviewed for Site History Information. 

Individual Date 
Interviewed Affiliation Interviewed* 

D. Broka Loral Aerospace 617 

B. Andreoli White Sands Missile Range 6/7-6/8, 8/16 

L. Hoppes Holloman Air Force Base 617-6/8 

I. Kochefko Holloman Air Force Base 8/16 

*All interviews conducted in calendar year 1990. 

The Red Rio Range is used by the U.S. Air Force for air-to-ground gunnery, bombing, 

and maneuver practice under simulated combat conditions. Both sites are utilized by the 

U.S. Air National Guard but to a lesser extent than the U.S. Air Force. Loral Aerospace 

and U.S. Air Force and Army personnel periodically police both sites for unexploded 

ordnance (UXO) and scrap metal. Historically, these materials were then brought to the 

practice bomb disposal areas for burning, detonation, and burial. Since 1988, these materials 

have been removed from the range and recycled (Broka 1990, personal communication). 
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2.2.1 Summary of Disposal Practices 

Disposal pits utilized at the Oscura and Red Rio sites are elongate features, 

approximately 50 to 100ft long, 15 to 30ft wide, and from 10 to 15 ft deep (A.T. 

Kearney 1988; USAEHA 1988). The pits were probably excavated by bulldozer or front-end 

loader. 

Disposal operations at both sites appear to have been similar. U.S. Air Force and Army 

Explosive Ordnance Disposal (EOD) personnel and range operations contractors periodically 

removed spent practice bombs, small arms ammunition, and scrap metal from the bombing 

ranges. Practice bombs with undetonated spotting charges and ammunition were placed in a 

pit at the disposal area and then detonated or burned (A.T. Kearney 1988; USAEHA 1988; 

Hoppes 1990, personal communication). In addition, it is possible that some live practice 

bombs and/or ammunition may have been detonated and burned at the surface prior to 

placement in a pit (USAEHA 1988). During the course of sample collection efforts, it was 

learned from EOD personnel that more recently, primer cord or other similar explosive was 

used to ensure that the spotting charges in the tips of practice bombs had detonated prior to 

removal from the range. The burned debris and residue as well as other wastes collected 

from the bombing ranges were placed in the pits then covered with approximately four inches 

of fill. Disposal operations were conducted in a progressive manner of layering until the pit 

was filled, at which time a new disposal pit was dug. 

A Holloman Air Force Base staff member with experience at other open burning/open 

detonation pits claims that Air Force personnel may have used diesel fuel, kerosene, or other 

petroleum product and/or scrap wood to facilitate burning (Kochefko 1990, personal 

communication). 
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2.2.2 Possible Waste Tmes 

Most of the material disposed at the two sites consisted of scrap metal from targets and 

practice bombs with white or red phosphorus spotting charges (A.T. Kearney 1988; 

USAEHA 1988; Hoppes 1990, personal communication). Additionally, air-to-ground rockets 

and small arms ammunition may have been buried. Wastes disposed probably included the 

following: 

• Miscellaneous debris such as steel, aluminum, plastic, rubber, etc. from 
targets. 

• Large, inert practice bombs consisting of a cast-iron jacket and concrete 
(BDU-500s). 

• Smaller practice bombs consisting of steel bodies and plastic or aluminum fins 
with white or red phosphorus spotting charges (BDU-33 and -50, and Mark 82, 
83, 84, 106, or 117). 

• Two and three-quarter (2-3/4) inch rockets, composed of aluminum and 
steel, possibly containing propellent, and white phosphorus charges. 

• Small arms ammunition (20 mm and 50 caliber). 

Of the possible wastes listed above, BDU-33 and -500, Mark 106, and small arms 

ammunition were positively identified during the field investigation. At Oscura, a variety of 

miscellaneous debris from old helicopters, aircraft, and vehicles was also observed scattered 

around the site. At Red Rio, various ordnance-related debris, such as bomb retardation fins, 

was found. 

Based on the above waste types, the following potential site contaminants were 

anticipated: 

• Semivolatile organic compounds - as munitions constituents, byproducts of 
munitions burning, and as petroleum fuels possibly used to facilitate 
burning. 
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• Heavy metals - derived from practice bomb and other munitions construction 
materials. Also, heavy metals are constituents in some explosive 
compounds. 

• Explosive organic compounds - possibly used in rockets, bombs, missiles, 
small arms ammunition, and in explosives used to detonate scrap practice 
bombs. 

In addition, phosphorus used in spotting charges on practice bombs was considered to be 

a potential physical hazard. 

2.2.3 Potential Migration Pathways 

Contaminants, if present at the Oscura and Red Rio sites, could migrate from the sites 

via several pathways. If surface soil contamination exists, transportation from the site as 

windblown dust or by surface water flow is possible. Subsurface contaminants could be 

transported by the same means if erosion of pit cover material exposed waste materials. 

Surface or subsurface contaminants could also be leached and transported by meteoric water 

moving through these materials. 

2.3 PREVIOUS INVESTIGATIONS 

At least one and apparently two previous investigations have been performed at the 

Oscura and Red Rio practice bomb disposal areas. The first documented investigation of the 

Oscura and Red Rio sites was conducted in 1983 by USAEHA (1984, 1988). This 

investigation was part of a larger project to evaluate environmental impacts of open 

burning/open detonation sites at U.S. Army facilities nationwide. During this investigation, 

soil samples were collected at each of the two sites. Samples characterized as "burn pit soil" 

samples were apparently collected from active open burning/open detonation pits. Table 2.4 

summarizes USAEHA's sample results. 
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EP Toxicity• Explos1vestt 
Samele No. and Oescrietton As Ba Cd Cr ~ Pb Se Ag tf4X ROX Tetal 2,4,6-TNT 2 ,6-0NT 2 ,4-0NT 

Oscura 

4927-019 Burn Pt ~ Sofl NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729..020 Burn Pt t Sofl NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729..021 Burn Ptt Sofl NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729-022 Burn Pft Soil NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729..023 Burn Pft Soil NO NO NO NO NO NO NO NO NO 4.7 NO NO NO NO 
4729..024 Burn Pft Sofl NO NO NO NO NO NO NO NO NO NO 110 NO NO NO 
4729-025 Burn Pft Soil NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729..026 Burn Pft Soil NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729-027 Burn Pt t Soil NO NO NO NO NO NO NO NO NO 3.8 NO NO NO NO 
4729-029 Burn Ptt Soil NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729..030 Burn Pit Soil NO NO NO NO NO NO NO NO NO NO NO NO NO 2.2 

R•d Rto 

~1<1-UJI ijurn Pit Soil NO NO 110 NO 110 NO NO NO NO 3.5 NO NO NO NO 
4729-032 Burn Pft Sofl NO NO NO NO NO NO NO NO NO NO NO NO tiD NO 
4729-033 Burn Pt t Soil NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729-034 NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729-035 Burn Pt t Sofl NO NO NO NO NO NO NO 1«1 NO NO NO NO NO NO 
4729-036 Burn Pft Soil NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729..037 Burn Pf t Sofl NO NO NO 110 NO NO NO NO NO NO NO NO NO NO 
4729..038 Burn Pf t Soil NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729..039 Burn Pf t Soil NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729..040 Burn Pft Soil NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729..041 Burn Pft Sofl NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4729-042 Burn P t t Sofl NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

ANAl YTICAI. LIMITS* 

;($ Ra i:a ~r Hg Pb Se Ag 

Detect ton L fmt t 0.5 10 0.1 0.5 0.02 0.5 0.1 o.s 
RCRA Criteria L t11i t 5.0 100 1.0 5.0 0.2 5.0 1.0 5.0 

• All units tn •9/L 
t All units tn ug/g 
t Detect ton ll•t t for all expl os tves was 1.0 ug/g. 
NO - not detected 

TABLE 2.4. Analytical results for •Bum Pit Soil• samples collected at the Oscura and 
Red Rio practice bomb disposal areas, 1983 USAEHA investigation. 
Source: USAEHA 1984. 
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Reference to a second site investigation is made by an U.S. Environmental Protection 

Agency contractor in a RCRA Facility Assessment Report (A.T. Kearney 1988). The report 
I 

makes reference to the soil sampling cited in the USAEHA (1988) evaluation which indicated 

elevated levels of barium at both sites based on EP Toxicity Protocol. Concentrations of 

barium reported were 2.4 ppm and 5.2 ppm at the Oscura and Red Rio sites, respectively. 

No other sampling or additional information regarding this investigation were provided. 

Z· However, the reported concentrations of barium are well below the EP Toxicity standard of 

100 ppm. 

WS#6/2 2.14 



3.0 FIELD INVESTIGATION 

The field activities in support of Oscura and Red Rio site evaluations took place in 

February through May 1991. The objectives of these evaluations are described in Section 

1.3. Field activities at both sites included topographic and geophysical surveys, and surface 

and subsurface soil sampling. The topographic surveys were performed first and provided 

base maps from which site features could be accurately located. The geophysical surveys 

were used to locate buried wastes, and based on this information, the surface and subsurface 

soil sampling strategies were developed. Subsurface soil samples were collected from 

trenches excavated by backhoe. 

Four project planning documents were prepared by CDM Federal Programs Corporation 

(FPC) prior to the start of field activities. Field investigations were performed in accordance 

with procedures and requirements described in these documents. D~viations from these 

procedures are described in Section 4.0. The Work Plan provides a description of the 

overall project approach. The Sampling and Analysis Plan contains specific, detailed 

protocol descriptions for field activities including equipment decontamination, sampling, 

sample labeling, sample handling, and documentation, as well as laboratory analytical 

methods and protocol. The Field Activity Quality Assurance Project Plan presents Quality 

Assurance/Quality Control requirements including procedures for ensuring precision, 

accuracy, representativeness, comparability, and completeness of data collected, as well as 

other elements designed to foster quality work. Finally, a Health and Safety Plan, included 

as an appendix to the Sampling and Analysis Plan, was developed to ensure protection of 

personnel present during the performance of the site investigations. 

WS#6/3 3.1 



3.1 METHODS 

3.1.1 TQPO~raphic Surveys 

Following the delineation of the survey area boundaries and the establishment of 

horizontal and vertical control, aerial photographs of the Oscura and Red Rio practice bomb 

disposal areas were taken from which topographic maps could be prepared. The primary 

objectives for conducting topographic surveys of the sites were to provide horizontal and 

vertical control for locating features (e.g. buried waste and sampling locations) and to 

develop topographic base maps for use in the field and reporting of investigation results. 

Surveying, aerial photography, and preparation of topographic maps were tasked to Scanlon 

White, Inc., Las Cruces, New Mexico. 

On February 25, 1991, FPC and Scanlon White Inc. personnel visited both sites. The 

survey area boundaries, as well as vertical and horizontal control points, were determined. 

Ground control targets were set in preparation for site overflight and aerial photography. 

The final boundaries of the survey were chosen to enclose all suspected waste burial 

locations. Evidence such as topographic mounds or depressions, disturbed soil and 

vegetation, reported locations of waste disposal pits, and analysis of historical aerial 

photographs were used to locate suspected waste burial areas. 

Topographic base maps, at a scale of 1 in. = 50 ft were produced for each site (Plates 1 

and 2). These maps were then used by FPC to illustrate the suspected locations of buried 

wastes, sampling trench locations, and other site features. Survey comer markers and 

various site landmarks were used to accurately locate these features. 
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3 .1. 2 Geophysical Surveys 

Following the development of topographic base maps for the Oscura and Red Rio sites, 

geophysical surveys were conducted in late March and early April, 1991. The goal of the 

geophysical investigations was to locate and delineate buried wastes. Detailed geophysical 

surveys were necessary because of the lack of data available regarding the number, location, 

and sizes of pits used for burning or detonation and burial of practice bombs, small arms 

ammunition, and other wastes generated at the ranges. Information provided by this phase of 

the investigation aided in selection of sampling trench locations, calculation of estimated 

waste volumes, and evaluation of alternatives for site closure. Execution of the geophysical 

surveys, interpretation, and reporting of the results were tasked to Blackhawk Geosciences, 

Inc., Golden, Colorado. Geophysical investigations were conducted using two independent 

methods to provide confirmation of results. The first method used was electromagnetic 

profiling which measured the apparent differences in conductivity between metallics in the 

disposal trenches and the surrounding soils. The second method employed magnetic field 

measurements in which the presence of ferrous materials in the trenches affected the total 

magnetic field. Greater detail of these methods is provided in the individual geophysical 

reports for the Oscura and Red Rio sites prepared by Blackhawk Geosciences (Appendices A 

and B). 

The total area surveyed by geophysical methods was greater at the Oscura site. Based 

on historical and physical evidence at Oscura, several separate waste burial locations were 

anticipated. Therefore, one large geophysical survey grid was employed (see Figure 1-1, 

Appendix A). One known trench existed at the Red Rio site and a geophysical survey grid 

was established over it. The Red Rio site also contained numerous smaller areas which 

exhibited disturbed soils and/or vegetation. These areas were also incorporated into the 

geophysical survey (see Figure 1-1, Appendix B). The grids laid out at each site established 

a uniform set of "stations" at which geophysical measurements were taken. Each grid was 

laid out using a compass and 300 ft fiberglass tape. North-south points were marked at 30 ft 

intervals and east-west points were marked at 50ft intervals with labeled wooden stakes. 
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Intermediate measurement points at 10ft intervals were marked on the ground with a spot by 

orange spray paint. Smaller areas at Red Rio suspected of having buried wastes had 

geophysical survey stations marked along a single grid line with perpendicular transects as 

necessary to accommodate the shape of the disturbances. All areas at Red Rio and the single 

large grid at Oscura had one or more grid nodes located with an auto-level and fiberglass 

tape by FPC personnel to link topographic and geophysical surveys to a single datum. 

With the grids in place, Blackhawk personnel could begin the geophysical surveys. 

Electromagnetic profiling was performed with a portable Geonics EM-31 and magnetic field 

measurements were taken with a portable Geometries 856. Readings were taken at each 10 

foot grid node, and the data collected was periodically transferred to a portable computer. 

The computer's software was able to compile and contour the data such that burial locations 

could be determined on-site, if necessary. 

Once the data were collected, all areas on the survey grids interpreted to be disposal pits 

were staked and marked with flagging by Blackhawk and FPC personnel. At each suspect 

area, the Geonics EM-31 in-phase component was measured at the interpreted boundary of 

the disposal pit, and when a significant anomaly was encountered, the interpreted boundary 

of the disposal pit was staked at that location. 

3 .1. 3 Surface Soil Samplin& Pro&ram 

The objectives of the surface soil sampling program at the Oscura and Red Rio practice 

bomb disposal areas ~'to determine the presence or absence of site-related contaminants in 

surface soils, and to provide preliminary information regarding the .distribution and 

concentrations of contaminants, if present. This information is necessary to evaluate 

contaminant migration via wind and water erosion processes, contaminant leaching potential, 

potential risks to human health and the environment, and to determine site closure 

alternatives. 
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For the purpose of surface soil sample collection, each site was divided into four 

quadrants of equal area. The placement and dimensions of these quadrants was dependent 

upon the location of the buried wastes as determined by the geophysical investigations. The 

quadrants were defined relative to the existing geophysical survey grid and encompassed all 

suspected disposal pits at each site. 

One composite surface soil sample was collected within each quadrant. Eight sub-areas 

were established within each quadrant with aliquots collected near the center of each 

sub-area. Aliquots were collected from the upper 0 to 2 inches of the soil. In addition, a 

single discrete sample was collected from a randomly selected sub-area within each quadrant. 

Plates 3 and 4 show the surface soil sampling quadrants. In keeping with the goal of 

identifying any contamination present, if suspected contaminated soil was identified based on 

visual evidence, odor, PID reading or other field criteria, grab samples were to be collected 

as necessary to augment the planned co~posite .. and discrete sample for that quadrant. 

During the surface sampling activities, however, no samples were collected based on those 

criteria. 

J. In addition to surface soil samples collected, three grab samples representative of 

background conditions were collected near each site. Background sample locations were 

topographically higher than the practice bomb disposal areas and were located away from any 

suspected buried waste areas. Efforts were made to select a sampling location with a similar 

soil type as quadrant samples. 

Each surface soil sample was assigned a sample identification number using a unique 

code which indicates the site, the investigation subtask (sampling media), sample location, 

and sample depth. An example sample identification code for a composite surface soil 

sample is shown below: 

WSOR-SUR-Ql-0-2" 
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In this example, WSOR indicates the White Sands Oscura Range, SUR refers to a 

surface soil sample, Ql identifies quadrant number one, and 0-2" refers to sampling depth. 

A discrete surface soil sample might be labeled: 

WSOR-SUR-Q 1/6-0-2 II 

Here, the "/6" indicates the sub-area from which the discrete sample was drawn. 

I Quality control samples represented at least 10% of all samples collected. In all, 

13 surface soil samples were submitted for analysis from each site (26 total). Of these 13, 

one split and one co-located sample was collected at each site for quality control. A quality 

control sample might be labeled as follows: 

WSOR-SUR-Q 1/C-0-2 II 

In !this example, the "IC" descriptor indicates that this is a co-located sample. A "IS" 

descriptor indicates that the sample is a split. 

Background surface soil samples at both the Oscura and Red Rio sites are marked as 

quadrant "Q5" as shown below: 

WSRR-SUR-Q5/2-0-2" 

All three background surface soil samples collected at each site were collected as 

I discrete samples. In this case the "/2" descriptor indicates a unique discrete sampling point. 

Each surface soil composite subsample or aliquot was collected using a decontaminated 
?., 

stainless steel trowel. Aliquots of approximately equal volume for each composite sample 

were placed in a stainless steel mixing bowl. The stainless steel trowel was used to break up 

and mix the composite sample until homogenous. The soil was then spread evenly in the 
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bottom of the mixing bowl and one-liter, wide-mouth, glass sample jars were filled using the 

trowel. The sample label was attached and the jar placed on ice for shipment to the 

analytical laboratory under chain of custody. 

The mixing bowl and trowels were decontaminated prior to use to minimize the chance 

of cross-contamination. This equipment was placed in a galvanized steel tub filled halfway 

with a laboratory-grade detergent and tap water solution and scrubbed with a brush and 

sponge. Another galvanized tub with plain tap water was used to rinse the equipment. A 

55 gal drum with a dish rack suspended in it was used for final rinsing. Two plastic 

laboratory bottles, one filled with deionized water and the other filled with reagent-grade 

methanol, were used for final rinsing. A double deionized water rinse was followed by a 

methanol rinse and the equipment allowed to dry. Each piece was then covered with 

aluminum foil to indicate it as clean . 

.I 
' Surface soil samples were analyzed by the team subcontract laboratory, Thermo 

Analytical Inc. (TMA), using Environmental Protection Agency (EPA) method 8270 for 

RCRA semivolatile organic compounds, EPA methods 6010, 7060, 7471, and 7740, for 

RCRA metals, and U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) 

methods LW17 and UW21 for explosive compounds. A summary of the analytical methods 

used is found in Table 3 .1. 

3.1.4 Subsurface Soil Sampline Proeram 

The objective of subsurface soil sampling was to obtain and analyze geologic material 

from known depths in order to: 

• Evaluate site subsurface conditions. 

• Investigate the presence or absence of contaminants and, if present, the vertical 
extent. 
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TABLE 3.1. Summary of Analytical Methods for Surface 
and Subsurface Soil Samples. 

Parameter 

Metals 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Semivolatile OrKanics 

All Target Compound List Analytes 

Explosives 

2, 4-Dinitrotoluene 
2, 6-Dinitrotoluene 
HMX 
RDX 
Tetryl 
2, 4, 6-Trinitrotoluene 

References: 

Sample Analysis Method 

60101 

70601 

60101 

60101 

60101 

60101 

60101 

74711 

60101 

77401 

60101 

60101 

60101 

LW172 

LW172 

LW172 

LW172 

LW172 

LW172 

1U.S. EPA 1986. Office of Solid Waste Management, Test Methods for 
EvaluatinK Solid Wastes, SW-846, 3n1 Edition. Washington, D.C. 

2U.S. Army Toxic and Hazardous Materials Agency (USATHAMA), 
Aberdeen Proving Ground, MD 21010. 
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• Determine the potential for contaminant migration. 

Subsurface samples were collected from trenches excavated adjacent to buried wastes. 

The potential for encountering unexploded ordnance (UXO) prevented deliberate excavation J 

of uncharacterized waste materials. -kowever, during excavation of several trenches, buried 

wastes were encountered. Trenches were excavated using a backhoe with composite 

sampling typically from the surface to a depth of 15 feet. A discrete sample was also 

collected at a depth of 15 feet or if wastes were encountered. Excavation equipment and 

operators were provided by WSMR EOD. Lithologic logging and sampling were conducted 

by FPC personnel. 

Locations for the sampling trenches were selected based on the geophysical 

investigations. Trenches were generally excavated one or two feet outside the flagging 

demarcating a burial location. If buried wastes were encountered during excavation, the 

trench would be relocated several feet away. 

Background and geophysical data indicated that more burning or detonation and disposal 

pits were used at the Oscura site than at the Red Rio location. In all, 16 suspected burial 

locations were identified within an area of about 10 acres at the Oscura site. Only one 

location was identified at the Red Rio site, although wastes are buried over an area of 

slightly more than one acre. Thirteen sampling trenches were excavated at Oscura and six at 

Red Rio, including a trench in a background location at each site. The existing geophysical 

survey grid was used to record the location of sampling trenches. Plates 5 and 6 show the 

subsurface soil sampling locations. 

Samples were collected using a backhoe with individual samples usually composited over 

0-10 and 11-15 foot intervals. At the base of each trench, a single discrete sample was 

collected. In keeping with the goal of identifying any contamination present, grab samples 

were collected of any suspected contaminated soil identified based on visual evidence, odor, 

PID reading, or other field criteria. On two occasions at Red Rio and once at Oscura, grab 
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samples were collected when buried wastes or other suspect materials were uncovered. 

j Three background subsurface soil samples were collected as grab samples at depths of 5, 10, 

and 15 ft from a single trench excavated away from each site. The background trenches 

were excavated in a topographically higher location in an area representative of the 

surrounding soil conditions. 

Each sample was designated using a unique code which indicates the site, sampling 

media, sample location, and sample depth. An example identification code for a subsurface 

soil sample is shown below: 

WSRR-SUB-04-0-10' 

WSRR indicates the White Sands Red Rio site, SUB refers to a subsurface soil sample, 

04 refers to a sampling trench number, and 0-10' indicates the depth over which the sample 

was composited. A discrete sample is collected at a specific depth and might be labeled: 

WSRR-SUB-02-15' 

1:/ 

Here, the "15'" qiscriptor indicates discrete sample collection at a depth of 15 feet. 

Co-located and split samples use "/C" and "IS" descriptors, respectively, in the same manner 

as the surface soil samples. 

! 
Five aliquots collected at predetermined depths made up a composite sample. In the 

0-10 foot interval, aliquots were collected every two feet and for the 11-15 foot interval, 

aliquots were taken every one foot of depth excavated.} Aliquots were drawn with a stainless 

steel trowel directly from the backhoe bucket into the stainless mixing bowl. Care was 

exercised to ensure that the soil had not contacted excavating machinery and were 

representative of the desired depth. Trench depth was measured by BOD personnel during 

excavation using a fiberglass tape. 
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Decontamination procedures for the sampling equipment was identical to those used for 

surface soil sampling (Section 3.1.3). The backhoe bucket was decontaminated after each 

composite or discrete sample was collected. A lined evaporation pond and decontamination 

pad was constructed at each site. Decontamination began by spraying the backhoe bucket 

with a portable kerosene-heated steam cleaner. A water truck and tap water were provided 

by WSMR. A portable stainless steel, pressurized sprayer was then used to apply a 

laboratory-grade detergent and deionized water solution to the bucket. A stiff, long-handled 

brush was used to scrub the bucket. This was followed by another steam cleaning then a 

final rinse with deionized water from a plastic pressurized sprayer. Subsurface soil samples 

were analyzed for the same parameters as the surface soil samples by TMA (Table 3.1). 

3.2 RESULTS 

3.2.1 GeQPhysical Investi~ation 

Oscura Site 

As noted earlier in Section 3.1.2, two separate geophysical methods were used to locate 

buried wastes. Electromagnetic profiling measured both ground conductivity and the 

in-phase component and magnetic field measurements gauged variations in the total magnetic 

field. Contour maps of the data collected are available in the Blackhawk report prepared for 

the Oscura site (Appendix A). The interpreted buried waste locations are most clearly seen 

on contour maps of the in-phase component and total magnetic field, however, results of all 

three methods agreed well. Features on the ground conductivity contour map were less 

clearly defined possibly because this method is more affected by variations in soil properties 

(e.g. between disturbed and undisturbed soils). 

At the Oscura site, sixteen separate areas were interpreted by Blackhawk Geosciences to 

be suspected waste burial locations (Appendix A, Figure 1-1). One of these areas, a square 

area of anomalous response on geophysical instruments (defined by 10E 450N, lOE 570N, 

130E 570N, 130E 450N), is located near the center of the site. This area did not elicit the 

WS#6/3 3.11 



same response on the geophysical instruments used as the other suspect locations. According 

to the Blackhawk report, the geophysical signature encountered in this area may be due to a 

different kind of buried waste, such as construction debris, or it may indicate similar waste 

as encountered elsewhere on site, but at a greater depth. 

The volume encompassing buried wastes at the Oscura site is estimated to be 

16,294 cu yds. Volume calculations are presented in Table 3.2. This estimate was based on 
~------

the following assumptions: 

1. The area covered by the buried wastes was assumed to be that staked during the 

geophysical survey. In actuality, staked areas slightly overestimate the area of 

buried waste due to the geophysical methods and approach used to identify buried 

waste areas. 

2. Layers of wastes and intervening fill material were assumed to be about 8 ft thick 

and distributed uniformly within each staked area. This assumption is based on the 

areal extent of the buried wastes and the practical depth limits achievable with a bull 

dozer. 

The geophysical investigation provided information used to select surface and subsurface 

sampling locations. The four surface soil sampling quadrants and thirteen subsurface 

sampling trench locations were selected based on the positions of the suspected buried wastes 

(Plates 3 and 5). 

Red Rio Site 

Although eleven suspect areas at the Red Rio site were investigated with geophysical 

methods, only one area proved to contain buried metallic wastes {Appendix B, Figure 1-1). 

Area 1 contains a single large trench about 100 x 500ft whose existence was known prior to 

this investigation. All electromagnetic and magnetic field contour maps show clearly defined 

anomalies caused by buried wastes. Other anomalies noted at the site were attributed 
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TABLE 3,2. Estimated Volumes Encompassing Buried Wastes at the Oscura 
and Red Rio sites. 

Approximate Thickness Volume Volume 
Waste Location Area (ftl) (ft) (ff) (yd3) 

Oscura 

A 9,600 8 76,800 2,844 
B 1,500 8 12,000 444 
c 5,700 8 45,600 1,689 
D 8,000 8 64,000 2,370 
E 4,300 8 34,400 1,274 
F 2,500 8 20,000 741 
G 2,900 8 23,200 859 
H 1,600 8 12,800 474 
I 700 8 5,600 207 
J 4,000 8 16,000 593 
K 1,100 8 8,800 326 
L 8,500 8 68,000 2,518 
M 1,800 8 14,400 533 
N 4,000 8 32,000 1,185 
0 800 8 6,400 237 

Subtotal 55,000 440,000 16,294 

Anomalous Area 14,400 8 115,200 4,267 

Total 69,400 555,200 20,561 

Red Rio 

Large Disposal Trench 19,400 8 155,200 5,748 
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to buried wires, above ground electrical junction boxes, or guy wires attached to wooden 

poles. 

The volume encompassing buried wastes at the ~~~~o site is approximately 

5, 74.8 cu yds. This estimate was based on the same assumptions used for the Oscura site and 

the calculations are presented in Table 3. 2. 

The four surface soil sampling quadrants and six subsurface soil sampling trenches were 

selected based on the suspected location of wastes determined by the geophysical 

investigation, (Plates 4 and 6). 

3.2.2 Surface Soil Sample Results 

All samples collected were analyzed using EPA methods for metals and semivolatile 

organics and USA THAMA methods for explosives (Table 3.1). Since metals constitute a 

majority of the wastes disposed and are present in some explosives compounds, surface 

contamination by metals was considered to be a possibility. Analysis for semi volatile organic 

compounds was performed based on the suggestion that diesel or other similar fuel may have 

been used to facilitate the burning of wastes. Semivolatile compounds are also constituents 

of some munitions-related explosives. Explosive compounds were considered potential 

contaminants because they could be associated with some of the wastes disposed on-site or 

with materials used to detonate wastes. 

Oscura Site 

Of the six explosive compounds for which USA THAMA standard method analyses were 

performed, none were detected. The detection limits for explosive compounds are presented 

in Table 3.3. 1However, 1200 JLg/kgA)f 2,4-dinitrotoluene (2,4-DNT) was identified in a 

single sample, WSOR-SUR-Q3/C-0-2" using Method 8270 for EPA Target Compound List 

t (TCL) semivolatile organic compound analysis. WSOR-SUR-Q3/C-0-2" is a co-located 

sample with WSOR-SUR-Q3-0-2" and WSOR-SUR-Q3/S-0-2" was taken as a split sample. 
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TABLE 3.3. Detection Limits Achieved for Explosive Compounds 
(USATHAMA Methods) in Soil and Water Samples. 

Parameter 

2, 4-Dinitrotoluene 
2, 6-Dinitrotoluene 
HMX 
RDX 
Tetryl 
2,4,6-Trinitrotoluene 

Detection Limits (JLg/kg) 

Soil Samples 

400 
400 
500 
250 

10,000 
400 

Water Samples 

6.0 
6.0 
4.0 
2.0 
4.0 
1.0 

Neither of these field QC samples, however, contained detectable levels of 2-4-DNT, perhaps 

indicating that this compound is not widely dispersed but exists only in a discrete area or 

areas in the Q3 surface soil quadrant. 

,I 

' Three other TCL compounds, determined to be laboratory contaminants, were identified 

in the Oscura surface soil samples, as shown in Table 3.4. Typical detection limits achieved 

for all TCL compounds are presented in Table 3.5. The three compounds identified as 

laboratory contaminants are used as accelerators or plasticizers in rubber processing (Sax and 

Lewis 1987), and according to TMA, the analytical laboratory for this project, the 

compounds listed in Table 3.4 can occur as a result of sample or glassware contact with 

rubber products. These contaminants were also detected in laboratory blanks. The presence 

of these contaminants did not compromise the results for the other TCL compounds. 

Table 3.6 is a listing of typical metal concentrations in soils of the western United States 

(Shacklette and Boemgen 1984). Table 3. 7 presents the metal concentration results from the 

surface soil sampling at Oscura site.~ The mean of analytical results for background surface 

samples (labeled "Q5") were used to determine a ratio, R, comparing these background 

values to the metals concentration present in each sample. For all sample concentrations 

below detection limits, a value of one-half the detection limit for that sample was used to 

determine the R value. 
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TABLE 3.4. Summary of Semivolatile Organic Compounds Above Detection Limits in 
Oscura Surface Soil Samples, May 1991. Results in #Lg/kg. Detection limits 
are presented in Table 3.5. 

Sample /.)(.) .::>)_.) ?~c·;_;; S..,t 1_; '~ ~,. - .,.~~ -C.f# :=: ...S'BOoc7r'!'to 

Sample I.D. Date N -Nitrosodiphenylamine Di-n-Butylphthalate bis(2-Ethylhexyl)Phthalate Butylbenzylphthalate 

WSOR-SUR-Q1-0-2" 05/07/91 ---- 470 85 
WSOR-SUR-Q117-0-2" 05/07/91 ---- 1300 200 

WSOR-SUR-Q2-0-2" 05/07/91 ---- 940 130 
WSOR-SUR-Q2/4-0-2" 05/07/91 ---- 970 200 

WSOR-SUR-Q3-0-2" 05/07/91 --- 870 110 
WSOR-SUR-Q3/3-0-2" 05/07/91 --- 2100 180 
WSOR-SUR-Q3/S-0-2" 05/07/91 ---- 370 93 
WSOR-SUR-Q3/C-0-2 "t 05/07/91 451 1500 100 

WSOR-SUR-Q4-0-2" 05/07/91 ---- 870 170 
WSOR-SUR-Q4/5-0-2" 05/07/91 ---- 720 84 

WSOR-SUR-QS/1-0-2" 05/07/91 --- 670 280 
WSOR-SUR-QS/2-0-2" 05/07/91 ---- 1700 3000 
WSOR-SUR-QS/3-0-2" 05/07/91 ---- 34 51 

WSOR-PND-6-8" 05/16/91 ---- 220 86 

Compound was not detected in laboratory blanks for this sample group but was detected in other sample group blanks. 

t A concentration of 1,200 JLglk:g 2,4-dinitrotoluene was detected in this sample. This compound was not found in any other surface or 
subsurface sample. 

J Estimated value, analyte detected below the sample quantitation limit 



TABLE 3.5. Range of Detection Limits Achieved for Semivolatile Organic Compounds (EPA Methods) 
in Soil and Water Samples. 

Ran,e of Ildectioo Limit Achieved Ran,e of Ildectioo Limit Achieved Ran,e of Dc:tcctioo Limit Achieved 
CompouDd 

Soil Sample Water Samplca 
Compound 

Soil Samplca 
Compound 

Water Samplca Soil Samplca Water Samplca 

<Hike> :l'b (HII) ?fo (Hike) (H/1) (Hike) (H/1) 

Phenol 30- 3S 10 4-Cblorouilinc 30- 3S 10 4.6-Dinitro-2-methylpbeaol 200- 240 so 

Aniline 30- 3S 10 Hexachlorobutlldiene 30- 3S 10 N-NitrooodipbenylamiDe 30- 3S so 

bii(2-Chloroelhyi)Eiher 30- 3S 10 4-Chloro-3-methylpbenol 30- 3S 10 4-Bromopbenyl-pbenylctber 30- 3S 10 

2-Chloropbenol 30- 3S 10 2-MethylDaphlllabe 30- 3S 10 HexiiChlorobenzene 30- 3S 10 

1,3-Dichlorobenzene 30- 3S 10 Hexachlorocyclopenbdiene 30- 3S 10 Penlllcbloropbenol 30- 3S 10- so 

1,4-Dichlorobenzene 30- 3S 10 2,4,6-Trichloropbenol 30- 3S 10 Pbenanlbrene 30- 3S 10 

Benzyl Alcohol 30-35 10 2,4,S-Trichloropbenol 30- 3S 10- so Anlbnocene 30- 3S 10 

1,2-Dichlorobenzene 30- 3S 10 2-Chlorooapbthalene 30- 3S 10- so Di-n-Butylphlbalate • 10 

2-Melbylpbeaol 30- 3S 10 2-Nilrollniline 30- 3S 10 Fluonnlbcne 30- 3S 10 

bii(2-Chloroiaopropyi)Eiher 30- 3S 10 Dimelbyl Phlbalate 30- 3S 10- so Pyrene 30- 3S 10 

w .... 4-Melbylpbeaol 30- 3S 10 Acemphlbylene 30- 3S 10 Butylbenzylphlbalate 30- 3S 10 

-...1 N-Nitrooo-Di-n-Propylamine 30- 3S 10 3-Nilrollniline 200- 240 so 3 ,3.-Dicblorobenzidine 61- 7l 20 

Hexachloroedume 30-35 10 Acenaphtbenc 30- 3S lO Benzo(a)anlhnoca>e 30- 3S 10 

Nitrobenzene 30- 3S 10 2,4-Dinitropbenol 200- 240 so bii(2-Eihylhexyl)Phlbalate • • 
loopborone 30- 3S 10 4-Nitropbawl 200- 240 so Cluyleoe 30- 3S 10 

2-Nitropbenol 30- 3S 10 Dibenzofuran 30- 3S 10 Di-n-Octyl Phlbalate 30- 3S 10 

2,4-Dimelbylpbeaol 30- 3S 10 2,4-Dinilrololuene 30- 3S 10 Benzo(b)ftuorantbene 30- 3S 10 

Benzoic Acid 200-250 so 2,6-Dinilrololuene 30- 3S 10 Benzo(k)ftuorantheae 30- 3S 10 

bii(2-Chloroelboxy)Melbane 30-35 10 Dielbylph1halate 30- 3S 10 Benzo(a)pyrene 30- 3S 10 

2,4-Dichloropbenol 30- 3S 10 4-Chloropbenyl-pbenylctber 30- 3S 10 lndeno( 1,2,3-od)Pyrene 30- 3S 10 

1,2,4-Trichlorobenzene 30- 3S 10 FluoreQC 30- 3S 10 Dibenz(a,b)Anlhracene 30- 3S 10 

N aphlbalene 30- 3S 10 4-Nitroanilinc 200- 240 10 Benzo{J,b,i)pctylr.ne 30- 3S 10 

• CompouDd detected in all aamplca analyzed. ; n 3 7,., =- 3. t-ts·/ 
\ .~u. \ 
\ I'! j/\ 
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TABLE 3.Q. Typical Metals Concentrations in Soils 
of the Western United States (mg/kg). 

Element Range Mean 

Aluminum Al 5 '000 - > 100' 000 74,000 
Antimony Sb < 1- 2.6 0.62 
Arsenic As <0.10- 97 7.0 
Barium Ba 70 - 5,000 670 
Beryllium Be < 1- 15 0.97 
Cadmium Cd <1 
Calcium Ca 600 - 320,000 33,000 
Chromium Cr 3 - 2,000 56 
Cobalt Co <3- 50 9.0 
Copper Cu 2-300 27 
Iron Fe 1 '000 - > 100 '000 26,000 
Lead Pb < 10- 700 20 
Magnesium Mg 300 - > 100,000 10,000 
Manganese Mn 30 - 5 '000 480 
Mercury Hg <0.01- 4.6 0.065 
Nickel Ni <5- 700 19 
Selenium Se <0.1 - 4.3 0.34 
Silver Ag <1 
Thallium T1 <50 
Tin Sn <0.1- 7.4 1.2 
Uranium u 0.68- 7.9 2.7 
Vanadium Va 7-500 88 
Zinc Zn 10- 2,100 65 

SOURCE: 

Shacklette, H.T., and Boemgen, J.G. 1984. Element Concentrations 
in Soils and Other Surface Materials of the Conterminous United 
States. U.S. Geological Survey, Professional Paper 1270. 
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TABLE 3.7. Surface Soil Metals Concentrations at the Oscura Site, May 1991. Results in mg/kg. 

3 _, f"'/ '-!.-/ c- ,~) 

Sample Antimony1
. Areenic Barium Cadmium Chromium Copper Lead 

Sample 1.0. Date [] A _jJ A [] A [] A [] A [] A [] A 

WSOR-SUA-Q1-0-2" 05/07/91 I <4.o7N 1.0 3.05 1.1 232.96 1.1 <0.41 1.0 15.56 1.1 27.26 1.1 26.25 1.7 
WSOR-SUA-01/7-0-2" 05107/91 11.21N 5.4 2.85 1.0 151.89 0.7 <0.41 1.0 7.75 0.5 11.72 0.5 16.11 1.0 

WSOR-SUA-Q2-0-2" 05/07/91 6.13N 3.0 3.17 1.2 313.59 1.5 <0.41 1.0 14.40 1.0 16.34 0.6 13.38 0.9 
WSOR-SUA-Q2J4-o-2" 05/07/91 <4.09N 1.0 2.66 1.0 221.88 1.0 <0.41 1.0 13.80 1.0 16.97 0.7 16.16 1.1 

WSOR-SUA-Q3-0-2" 05/07/91 <4.09N 1.0 2.76 1.0 200.20 0.9 <0.41 1.0 11.44 0.8 14.71 0.6 11.34 0.7 
WSOR-SUA-~-0-2" 05/07/91 6.13N 3.0 2.86 1.1 193.05 0.9 <0.41 1.0 12.97 0.9 15.93 0.6 13.79 0.9 
WSOR-SUA-~-0-2" 05/07/91 9.15N 4.4 3.35 1.2 196.14 0.9 <0.41 1.0 12.91 0.9 19.00 0.7 11.89 0.8 
WSOR-SUA-~-0-2" 05/07/91 15.29111 7.4 2.75 1.0 223.24 1.0 <0.41 1.0 15.19 1.1 14.98 0.6 11.93 0.8 

WSOR-SUA-04-0-2" 05/07/91 7.07N 3.4 4.55 1.7 381.82 1.8 <0.51 1.2 22.53 1.6 33.84 1.3 25.66 1.7 
WSOA-SUA-04~-0-2" 05/07/91 7.07N 3.4 3.23 1.2 196.97 0.9 0.61 2.9 11.62 0.8 11.52 0.4 18.89 1.2 

WSOR-PND-6-8" 05116/91 8.83N 3.3 2.73 1.0 218.43N 1.0 <0.48 1.1 17.86 1.2 17.29 0.7 15.47 1.0 

Background Sample Results 
WSOR-SUA-0511-0-2" 05/07/91 <4.13N 1.0 2.89 1.1 213.84 1.0 <0.41 1.0 13.53 0.9 22.73 0.9 13.43 0.9 

.. ---.... ·""' WSOR-SUA-~-0-2" 05/07/91 <4.16N 1.0 2.49 0.9 194.39 0.9 <0.42 1.0 11.33 0.8 29.11 1.1 14.86 1.0 ...:' '· ,/ WSOR-SUA-~-0-2" 05/07/91 <4.12N 1.0 2.78 1.0 240.21 1.1 <0.41 1.0 18.45 1.3 25.57 1.0 17.84 1.2 
w Mean Background/Std. Deviation 2.07/NA 2.72/0.21 216.15123.0 0.21/NA 14.44/3.85 25.80/3.20 15.38f2.25 - ~~ ... d 
\0 b:> ;!'r; )'""') I ? ... 

Mercury' Nickel Selenium Silver Thallum' Zinc 
Sample 1.0. [] A [] A [] A [] A [] A [] A 

WSOR-SUA-Q1-0-2" 0.027 1.4 28.48 0.8 <0.20 0.9 <0.51N 1.0 <0.20 0.9 80.63 0.9 
WSOR-SUA-01/7-0-2" 0.027 1.4 16.31 0.5 <0.20 0.9 <0.51N 1.0 <0.20 0.9 37.10 0.6 

WSOR-SUA-Q2-0-2" 0.025 1.3 30.64 0.9 <0.20 0.9 <0.51N 1.0 <0.20 0.9 50.38 0.8 
WSOR-SUA-Q2J4-0-2" 0.032 1.6 .25.56 0.7 <0.20 0.9 <0.51N 1.0 <0.20 0.9 50.92 0.8 

WSOR-SUA-03-0-2" 0.023 1.2 26.56 0.8 <0.20 0.9 <0.51N 1.0 <0.20 0.9 47.29 0.7 
WSOR-SUA-~-0-2" 0.025 1.3 26.56 0.8 <0.20 0.9 <0.50N 1.0 <0.20 0.9 50.46 0.8 
WSOR-SUA-~-0-2" 0.023 1.2 25.41 0.7 <0.20 0.9 <0.51N 1.0 <0.20 0.9 47.97 0.7 
WSOR-SUA-~-0-2" 0.019 1.0 26.50 0.8 <0.20 0.9 <0.51N 1.0 <0.20 0.9 51.38 0.8 

WSOR-SUA-04-0-2" 0.019 1.0 41.41 1.2 <0.20 0.9 <0.51N 1.0 <0.20 0.9 213.13 3.2 
WSOR-SUA-04~-0-2" 0.015 0.8 15.15 0.4 <0.20 0.9 <0.51N 1.0 <0.20 0.9 412.12 6.2 

WSOR-PND-6-8" 0.018 0.9 34.13 1.0 <0.23N 1.1 <0.57 1.1 <0.23N 1.1 59.50 0.9 

Background Sample Results 

/ 
WSOA-SUA-0511-0-2" 0.025 1.3 40.60 1.2 <0.21 1.0 <0.52N 1.0 <0.21 1.0 64.46 1.0 

(_;' WSOR-SUA-~-0-2" 0.021 1.1 27.03 0.8 <0.21 1.0 <0.52N 1.0 <0.21 1.0 63.83 1.0 
WSOR-SUA-0513-0-2" 0.016 0.8 36.08 1.0 <0.21 1.0 <0.52N 1.0 <0.21 1.0 69.69 1.1 
Mean Background/Std. Deviation 0.02/0.0045 34.57/6.91 0.11/NA 0.26/NA 0.11/NA 65.99/3.22 

[] Sample analyte concentration in mg/kg. 
A Ratio of sample analyta concentration to average background levels (one-haH of detection limit if not detected). 

NA Standard deviation not calculated because analyte was undetected in at least one sample. 
I N Estimated value, spiked analyte recovery below control limits. 



I There were no surface soil metal concentrations at the Oscura site which exceeded ten 

times background, as shown in Table 3.7. Antimony values exceeded two times background 

in seven of ten samples and were above five times background in two of the ten. Cadmium 

exceeded two times average background only once. Background levels of antimony and 

cadmium, however, were all below detection limits, and since half the detection limit was 

used for the R calculations, the R values may be over- or underestimated. Zinc was present 

in two samples at concentrations exceeding two times background. In one of these samples 

zinc was present at a concentration greater than five times background. 2--All values for the 

metals analyzed, except antimony, were within the typical metals concentrations in soils of 

the western United States (Table 3. 7). 

~ In addition to the surface soil samples, a single sediment sample was collected in the dry 

pond west of the site. The metals concentrations in the sediments were within the ranges 

obtained for the surface soils at the site. Compared to the average surface soil background 

concentrations, only antimony was found to exceed two times background in this sediment 

sample. All other R values were closer to one. 

Red Rio Site 

Of the six explosive compounds for which analysis was performed, none were detected. 

Detection limits for explosives are presented in Table 3.3. As shown in Table 3.8, three 

TCL semivolatile compounds were identified in the Red Rio surface samples, but as with 

Oscura, the presence of these compounds is believed to be the result of contact with plastic 

or rubber tools or materials in the laboratory. 

None of the surface soil samples collected at Red Rio contained greater than ten times 

average background for the metals analyzed, as shown in Table 3.9. Antimony, barium, 

lead, and selenium were found in one or more samples, at or slightly exceeding two times 

average background. Cadmium equaled or exceeded two times average background in six of 

10 samples with two of these in excess of five times average background. Of the 

constituents analyzed, antimony and cadmium were found to exceed typical metals 

concentrations in soils of the western United States (Table 3.6). 

WS#6/3 3.20 



TABLE 3....8. Summary of Semi volatile Organic Compounds Above Detection Limits in 
Red Rio Surface Soil Samples, April 1991. Results in #'g/kg. Detection 
limits are presented in Table 3.5. 

Sample 
Sample I.D. Date N-Nitrosodiphenylamine Di-n-Butylpbthalate bis(2-Ethylhexyl)Phthalate Butylbenzylphthalate 

WSRR-SUR-Q1-0-2" 04/22/91 160 810 45 
WSRR-SUR-Q117-0-2" 04/22/91 81 1600 44 
WSRR-SUR-Ql/S-0-2" 04/22/91 --- --- 46 
WSRR-SUR-Ql/C-0-2" 04/22/91 ---- 62 251 

WSRR-SUR-Q2-0-2" 04/23/91 --- 150 42 
WSRR-SUR-Q2/1-0-2" 04/23/91 ---- 320 52 

w WSRR-SUR-Q3-0-2" 04/23/91 ---- 200 31 
N - WSRR-SUR-Q3/5-0-2" 04/23/91 ---- 47 2400 

WSRR-SUR-Q4-0-2" 04/23/91 35 180 250 
WSRR-SUR-Q4/2-0-2" 04/23/91 --- 170 47 

WSRR-SUR-Q5/l-0-2" 04/22/91 34 360 81 
WSRR-SUR-Q5/2-0-2" 04/22/91 35 290 59 
WSRR-SUR-QS/3-0-2" 04/22/91 ---- 390 77 

J Estimated value, analyte detected below the sample quantitation limit 



TABLE 3.9. Surface Soil Metals Concentrations at the Red Rio Site, April 1991. Results in mg/kg. 

Sample Antimony Araenic Barium Cadmium Chromium Copper lA ad 
Sample 1.0. Date [] R [] R [] R [] R [] R [] R ___ll R 

WSRR-SUR-01-0-2" 04/22191 <4.17N 0.5 5.10 0.8 92.80 1.1 1.25 6.0 6.98 1.0 4.89 0.5 9.06 0.9 
WSRR-SUR-01n-0-2" 04/22191 5.10N 1.2 4.18 0.7 83.08 1.0 1.22 5.8 6.22 0.9 4.99 0.5 16.00 1.7 
WSRR-SUR-01/S-0-2" 04/22191 8.34N 2.0 4.07 0.7 91.76 1.1 <0.42 1.0 6.47 1.0 4.59 0.5 22.0 2.3 
WSRR-SUR-01/C-D-2" 04122191 8.32N 2.0 4.27 0.7 89.59 1.1 0.42 2.0 6.56 1.0 4.06 0.4 11.03 1.1 

WSRR-SUR-02-0-2" 04/23191 7.22N 1.7 5.26 0.9 102.06 1.2 0.41 2.0 7.22 1.1 3.09 0.3 7.32 0.8 
WSRR-SUR-02/1-0-2" 04/23191 4.12N 1.0 4.02 0.7 102.99 1.2 0.41 2.0 7.52 1.1 3.81 0.4 6.28 0.7 

WSRR-SUR-03-0-2" 04/23191 5.09N 1.2 4.58 0.8 101.73 1.2 <0.41 1.0 7.94 1.2 4.79 0.5 9.98 1.0 
WSRR-SUR-~0-2" 04/23191 5.12N 1.2 4.1 0.7 98.77 1.2 0.41 2.0 7.27 1.1 4.92 0.5 7.99 0.8 

WSRR-SUR-04-0-2" 04/23191 <4.08N 0.5 5.40 0.9 127.42 1.5 <0.41 1.0 6.73 1.0 6.12 0.6 8.56 0.9 
WSRR-SUR-04/2-0-2" 04/23191 7.22N 1.7 5.68 0.9 202.27 2.4 <0.41 1.0 7.33 1.1 4.13 0.4 7.33 0.8 

Background Sample Results 
WSRR-SUR-QS/1-0-2" 04/22191 <4.22N 0.5 6.55 1.1 78.78 1.0 <0.42 1.0 5.81 0.9 8.13 0.8 6.86 0.7 
WSRR-SUR-QS/2-0-2" 04/22191 <4.07N 0.5 6.71 1.1 100.10 1.2 <0.41 1.0 8.65 1.3 12.00 1.2 16.58 1.7 
WSRR-SUR-~0-2" 04122191 8.34N 2.0 4.80 0.8 89.78 0.8 <0.42 1.0 5.74 0.9 10.22 1.0 5.42 0.8 
Mean Background/Std. Deviation 4.18/NA 8.02/1.06 82.88/15.58 0.21/NA 8.73/1.66 10.12/1.94 9.62/6.07 

w 
I 

N 
N Me.cury Nickel Selenium Silver Thallium Zinc 

Sample 1.0. [] R [] R [] R [] R [] R ___ll R 

WSRR-SUR-01-0-2" 0.010 0.5 12.50 0.9 <0.21N 1.1 <0.52N 0.8 <0.21 0.4 30.94 0.9 
WSRR-SUR-01n-o-2" 0.007 0.4 13.25 0.9 <0.20N 1.0 <0.51N 0.6 <0.20 0.4 31.80 0.9 
WSRR-SUR-01/S-0-2" 0.007 0.4 14.8 1.0 <0.21N 1.1 <0.52N 0.6 <0.21 0.4 30.97 0.9 
WSRR-SUR-01/C-D-2" 0.012 0.8 11.45 0.8 <0.21N 1.1 <0.52N 0.6 <0.21 0.4 27.88 0.8 

WSRR-SUR-02-0-2" 0.008 0.4 12.37 0.9 0.21N 2.1 0.52N 1.2 0.21 0.9 27.11 0.8 
WSRR-SUR-02/1-0-2" 0.018 0.9 11.33 0.8 0.21N 2.1 0.51N 1.1 0.21 0.9 26.36 0.7 

WSRR-SUR-03-0-2" 0.011 0.6 11.20 0.8 <0.20N 1.0 <0.51N 0.6 <0.20 0.4 30.45 0.9 
WSRR-SUR-03/5-0-2" 0.010 0.5 11.27 0.8 <0.20N 1.0 <0.51N 0.6 <0.20 0.4 26.84 0.8 

WSRR-SUR-04-0-2" 0.010 0.5 11.21 0.8 <0.20N 1.0 <0.51N 0.6 <0.20 0.4 27.32 0.8 
WSRR-SUR-04/2-0-2" 0.019 1.0 ' 11.35 0.8 <0.21N 1.1 <0.52N 0.6 <0.21 0.4 30.13 0.8 

Background Sample Results 
WSRR-SUR-QS/1-0-2" 0.018 0.9 12.67 0.9 <0.21N 1.1 0.84N 1.9 <0.21 0.4 32.52 0.9 
WSRR-SUR-QS/2-0-2" 0.022 1.1 18.31 1.3 <0.20N 1.0 <0.51N 0.6 0.31 1.3 47.81 1.3 
WSRR-SUR-~0-2" 0.011 0.6 11.47 0.8 <0.21N 1.1 <0.52N 0.6 <0.63 1.3 26.49 0.7 
Mean Background/Std. Deviation 0.02/0.0056 14.15/3.65 0.10/NA 0.45/NA 0.24/NA 35.61/10.99 

[ ) Sample analyte concentration in mglkg. 
R Ratio of sample analytle concentration to average background concentration (one- half detection Omit used for undetected analytes). 

NA Standard deviation not calculated because analyte was undetected in at least one sample. 
N Estimated value, spike recovery less than control limits. 



All three background values for cadmium and selenium and two of three background 

values for antimony were below the limits of detection. Since R values were calculated 

using one-half the detection limit, the R values for these constituents may be over- or 

underestimated. 

3.2.3 Subsurface Soil Samplin& Results 

All subsurface samples collected were analyzed for the same constituents using the same 

methods as those for the surface soil sampling. Subsurface lithology was recorded every 2 ft 

of depth when subsamples were collected. These descriptions are provided in Appendix C. 

Oscura Site 

Plate 5 shows the 13 sample trench locations at the Oscura site. Composite samples 

were collected over intervals of 0-10 ft and 11-15 ft and a discrete sample collected at 15 ft. 

Aliquots were taken at 2 ft and 1 ft intervals, respectively, for the 0-10 ft and 11-15 ft 

composite samples. In Trench 4, buried waste materials were discovered at a depth of 2 ft 

and a discrete sample taken. 

As each aliquot was collected, a description of the soil encountered at that depth was 

recorded (see Appendix C). Typically, the upper 5 ft consisted of a brown clayey silt loam 

frequently containing roots and calcareous deposits such as nodules or stringers. Soil horizon 

development, even in what appeared to be undisturbed soils, was weak. The absen~_()!"_ 

calcareous features, however, seemed to be a good indicator as to whether a soil had been 

disturbed by site activities. From 5 to 10 ft the soils generally were a clayey silt which 

could contain varying amounts of sand as well as minor amounts of gravel (usually <5%). 

Calcareous features such as nodules and stringers or disseminated carbonate were common 

suggesting undisturbed soils. Below 10ft, limestone pebbles and occasional cobbles became 

the predominant feature, varying from about 5% to 60% of the soil. 
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Table 3.10 lists the TCL semivolatile organic compounds found above detection limits in 

the Oscura subsurface samples. As with the surface soil samples, three semivolatile organic 

compounds associated with laboratory contamination were identified. The presence of these 

contaminants did not affect the results for the other TCL compounds. None of the explosive 

compounds for which analysis was performed were detected. The limits of detection for 

explosive compounds can be found in Table 3.3. 

Metals concentrations detected in subsurface soil samples from the Oscura site can be 

found in Table 3.11. Two of the 42 samples contained silver concentrations in excess of ten 

times average background. Silver was also present in one sample between five and ten times 

background and in two samples between two and five times background. No silver 

concentrations exceeded the typical concentration for western U.S. soils and all were present 

at concentrations near the detection limit. Cadmium was detected in one sample at five times 

background but nine samples contained cadmium between two and five times average 

background. One sample contained cadmium slightly exceeding 1 mg/kg. All background 

concentrations obtained for both silver and cadmium, however, were below detection limits. 

The R values for these elements may be overestimated since this parameter was calculated 

using one-half the detection limit. Antimony and arsenic were found between two and three 

times average background in one sample each. Arsenic concentrations were well within the 

typical range for western U.S. soils. Most antimony concentrations, however, exceeded the 

typical range. 

Red Rio Site 

Subsurface lithologic logs for the Red Rio site are found in Appendix C. Soils at Red 

Rio were generally loamy in texture and medium or dark brown in color with some 

calcareous filaments and nodules. Soil horizons were poorly developed. Limestone gravel, 

less than 5 to 10%, was somewhat common at all depths. 
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TABLE 3.10. Summary of Semivolatile Organic Compounds Above Detection Limits in 
Oscura Subsurface Soil Samples, May 1991. Results in Jtg/kg. Detection 
limits are presented in Table 3.5. 

Sample 
Sample J.D. Date N-Nitrosodiphenylamine Di-n-Butylphtbalate bis(2-Ethylhexyl)Phtbalate Butylbenzylphahalate 

WSOR-SUB-01-0-10' 05/08/91 -- 1600 190 
WSOR-SUB-01-11-15' 05/08/91 --- 1100 150 
WSOR-SUB-01-15' 05/08/91 ---- 1400 170 

WSOR-SUB-02-0-10' 05/09/91 ---- 450 150 
WSOR-SUB-02-11-15' 05/09/91 --- 650 200 95 
WSOR-SUB-02-15' 05/09/91 ---- 1000 320 220 

WSOR-SUB-03-0-10' 05/09/91 ---- 330 160 270 
WSOR-SUB-03-11-15' 05/09/91 ---- 660 210 420 
WSOR-SUB-03-3-15' 05/09/91 ---- ---- 160 

WSOR-SUB-04-2' 05/10/91 ---- 2400 230 390 
WSOR-SUB-04-0-10' 05110/91 ---- 790 140 190 

~ WSOR-SUB-04/S-0-10' 05/10/91 ---- 1200 300 770 
~ WSOR-SUB-04/C-0-10' 05/10/91 --- 540 190 580 

WSOR-SUB-04-11-15' 05/10/91 ---- 490 140 510 
WSOR-SUB-04-15' 05/10/91 ---- 1000 180 810 

WSOR-SUB-05-5' 05/08/91 ---- 1900 340 
WSOR-SUB-05-10' 05/08/91 ---- 850 110 
WSOR-SUB-05-15' 05/08/91 ---- 720 83 

WSOR-SUB-06-0-10' 05/10/91 ---- ---- 240 
WSOR-SUB-06-11-15' 05/10/91 ---- 960 170 65 
WSOR-SUB-06-15' 05/10/91 ---- 750 430 91 

WSOR-SUB-07-0-10' 05/13/91 ---- 650 110 
WSOR-SUB-07-11-15' 05/13/91 ---- 620 83 
WSOR-SUB-07-15' 05/13/91 ---- 560 150 



w 
N 
0'1 

TABLE 3 .10. Summary of Semi volatile Organic Compounds Above Detection Limits in 
Oscura Subsurface Soil Samples, May 1991. Results in /Lg/kg. (continued) 

Sample 
Sample I.D. Date N-Nitrosodiphenylamine Di-n-Butylphthalate bis(2-Ethylhexyl)Phthalate 

WSOR-SUB-{)8-0-10' 05/14/91 --- 38()2 --
WSOR-SUB-{}8-11-15' 05114/91 --- 870 340 
WSOR-SUB-{)8/S-11-15' 05/14/91 ---- 530 73 
WSOR-SUB-{)8/C-11-15' 05/14/91 --- 570 170 
WSOR-SUB-{}8-15' 05114/91 ---- 500 110 

WSOR-SUB-o9-{}-10' 05114/91 -- 1100 120 
WSOR-SUB-o9-11-15' 05/14/91 ---- 580 86 
WSOR-SUB-o9-15' 05/14/91 ---- 800 35 

WSOR-SUB-10-0-10' 05/14/91 ---- 1000 150 
WSOR-SUB-10-15' 05/15/91 ---- 150 
WSOR-SUB-10-15' 05/15/91 ---- 270 86 

WSOR-SUB-11-{}-10' 05/15/91 ---- 310 63 
WSOR-SUB-11-15' 05/15/91 ---- 230 
WSOR-SUB-11-15' 05/15/91 ---- 340 49 

WSOR-SUB-12-{}-10' 05/15/91 ---- 270 58 
WSOR-SUB-12/S-{}-10' 05/15/91 --- 280 40 
WSOR-SUB-12-11-15' 05/16/91 --- 290 110 
WSOR-SUB-12-15' 05/16/91 --- 360 110 

WSOR-SUB-13-{}-10' 05116/91 --- 160 51 
WSOR-SUB-13-15' 05116/91 --- 630 57 
WSOR-SUB-13-15' 05/16/91 --- 700 110 

WSOR-RIN-04* 05/10/91 ---- --- 3J 
1 - Compound was not detected in laboratory blanks of this sample group but was detected in other sample group blanks. 
2 - Estimated value, sample was extracted beyond maximum allowable holding times. 
J - Estimated value, analyte detected below the sample quantitation limit. 
*Rinsate water sample, results in IJ.g/1. 

Butylbenzylphahalate 

701,2 



TABLE 3. 11. Subsurface Soil Metals Concentrations at the Oscura Site, May 1991. Results in mg/kg. 

s.mple Antimony Anlenic Barium Cadmium Chromium Copper Lead 
Sample 1.0. 0... [] R [] R [] R [] R [] R [] R [] R 

~-sue-o1-o-1a 05108/91 8.41N 0.8 2.48 0.9 170.94 0.7 <0.43 1.0 11.00 1.0 19.55 1.5 9.08 0.9 
~-SUB-01-11-16 OIWII81 8.47N 1.0 2.75 1.0 200.21 0.9 <0.42 1.0 5.83 0.5 8.79 0.7 7.73 0.8 
WSOR-SUB-01-15' OIWII81 11.83N 1.4 3.38 1.3 299.15 1.3 <0.42 1.0 10.15 0.9 12.05 0.9 10.78 1.1 

~-SUB-02-0-1a 05108191 <4.31N 0.3 2.26 0.8 163.79 0.7 0.65 3.1 8.19 0.7 14.86 1.1 11.96 1.2 
~-SUB-02-11-16 05108191 <4.18N 0.2 1.99 0.7 123.43 0.5 <0.42 1.0 8.49 0.8 8.47 0.6 7.84 0.8 
WSOR-SUB-02-15' 05108191 <4.12N 0.2 1.44 0.5 142.27 0.8 <0.41 1.0 4.23 0.4 7.11 0.5 7.11 0.7 

WSOR-SUB-03-0-10' 05109191 <4.21N 0.2 2.11 0.8 188.42 0.7 <0.42 1.0 7.37 0.6 8.32 0.8 8.53 0.9 
WSOR-SUB-03-11-16 05108191 <4.28N 0.3 1.82 0.7 231.02 1.0 0.88 4.1 5.13 0.5 7.08 0.5 8.13 0.9 
WSOR-SUB-03-15' 05108191 <4.44N 0.3 1.!56 0.8 163.33 0.8 <0.44 1.0 4.89 0.4 7.44 0.8 8.44 0.7 

WSOR-SUB-04-2' 05110191 <4.37N 0.3 2.18 0.8 203.08 0.9 <0.44 1.0 13.10 1.2 14.30 1.1 13.54 1.4 
WSOR-SUB-04-0-10' 05110191 9.77N 1.1 2.71 1.0 162.87 0.7 <0.43 1.0 7.60 0.7 9.34 0.7 7.93 0.8 
WSOR-SUB-~o-1a 05110191 <4.36N 0.3 2.83 1.1 161.22 0.7 <0.44 1.0 8.61 0.8 8.61 0.6 8.50 0.9 
WSOR-SUB-~-0-1a 05110191 <4.31N 0.3 2.48 0.9 165.95 0.7 0.65 3.1 7.65 0.7 8.08 0.6 8.25 0.7 
WSOR-SUB-04-11-16 05110191 <4.48N 0.3 3.24 1.2 232.14 1.0 <0.45 1.1 7.92 0.7 7.92 0.6 7.48 0.8 
WSOR-SUB-04-15' 05110191 <4.37N 0.3 2.19 0.8 154.10 0.7 <0.44 1.0 7.54 0.7 6.01 0.5 6.56 0.7 

w 
N WSOR-SUB-06-0-10' 05110191 7.85N 0.9 2.73 1.0 229.51 1.0 <0.44 1.0 13.88 1.2 12.13 0.9 12.48 1.3 
-....J ~-SUB-06-11-16 05110191 7.83N 0.9 2.83 1.1 122.0 0.5 <0.44 1.0 11.11 1.0 10.02 0.8 8.50 0.9 

WSOR-SUB-06-15' 05110191 <4.36N 0.3 2.07 0.8 96.15 0.4 <0.44 1.0 5.78 0.5 7.31 0.8 7.20 0.7 

WSOR-SUB-07-0-10' 05113/91 12.44N 1.5 2.07 0.8 182.38N 0.8 <0.41 1.0 5.70 0.5 4.35 0.3 8.53N 0.7 
WSOR-SUB-07-11-16 05113/91 11.48N 1.3 4.38 1.6 138.87N 0.8 1.04 5.0 5.95 0.5 8.37 0.5 7.10N 0.7 
WSOR-SUB-07-15' 05113/91 13.83N 1.6 1.81 0.7 126.60N 0.6 0.53 2.5 4.88 0.4 4.04 0.3 5.98N 0.6 

Background Sample Aeeulta 
WSOR-SUB-05-5' 05/08191 10.78N 1.3 3.86 1.4 233.84 1.0 <0.43 1.0 17.89 1.6 21.86 1.6 11.65 1.2 
~-SUB-05-10' 05/08191 12.70N 1.5 2.22 0.8 172.49 0.8 <0.42 1.0 11.11 1.0 10.69 0.8 8.15 0.8 
WSOR-SUB-05-15' 05108/91 <4.11N 0.2 2.16 0.8 279.26 1.2 <0.41 1.0 5.13 0.5 7.38 0.6 8.83 0.9 
Mean Background/Std. Deviation 8.51/NA 2.88/0.65 228.53/53.58 0.21/NA 11.38/6.38 13.25/7.47 9.61/1.97 

[ ] Sample anelyte concentration In mg/kg. 
R Ratio of sample analyte concentration to tMtrage bee kground levela (one- half of detection lmlt ueed If analyte not de18cted). 

NA Standard deviation not calculated beceuee 1111alyt8 wu not detlcted in at leut one sample. 
N Eatimated value, spiked anal)18 recovery below controlllmlta. 



TABLE 3.11. Subsurface Soil Metals Concentrations at the Oscura Site, May 1991. Results in mg/kg. (continued) 

Me..::ury Nickel Selenium Silver Th.,m Zinc 
Sample I.D. [] R [] R [] R ___ll_ R [] R [] R 

~-SUB-01-0-1a 0.012 1.2 17.09 0.8 <0.21 1.0 <0.53N 1.0 <0.21 1.0 38.14 0.9 
~-SUB-01-11-1~ 0.007 0.7 12.71 0.6 <0.21 1.0 1.59N 6.1 <0.21 1.0 23.20 0.8 
WSOR-SUB-01-15' 0.013 1.3 17.97 0.8 <0.21 1.0 <0.53N 1.0 <0.21 1.0 38.28 09 

~-SUB-02-0-10' 0.018 1.8 23.71 1.1 <0.21N 1.0 <0.54N 1.0 <0.22 1.0 49.89 1.2 
WSOR-SUB-02-11-18 0.008 0.8 12.55 0.8 <0.21N 1.0 <0.52N 1.0 <0.21 1.0 53.35 1.3 
~-SUB-02-1~ 0.008 0.8 8.25 0.4 <0.21N 1.0 <0.521'11 1.0 <0.21 1.0 50.93 1.3 

~-SUB-03-0-1a 0.012 1.2 10.95 0.5 <0.21N 1.0 3.28N 12.5 <0.21 1.0 55.47 1.4 
~-SUB-03-11-18 <0.005 0.3 10.70 0.5 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 32.41 0.8 
~-SUB-03-15' 0.010 1.0 11.11 0.5 <0.22N 1.0 <0.58N 1.1 <0.22 1.0 47.58 1.2 

~-SUB-04-2' <0.005 0.3 24.02 1.1 <0.22N 1.0 <0.55N 1.1 <0.22 1.0 48.14 1.2 
~-SUB-04-0-1a <0.005 0.3 13.79 0.8 <0.22N 1.0 <0.54N 1.0 <0.22 1.0 53.53 1.3 
WSOR-SUB-04ts-o-1a 0.009 0.9 14.18 0.8 <0.22N 1.0 <0.54N 1.0 <0.22 1.0 32.35 0.8 
~-SUB-~-0-1a 0.010 1.0 19.40 0.9 <0.22N 1.0 <0.54N 1.0 <0.22 1.0 23.81 0.8 
~-SUB-04-11-18 0.013 1.3 14.51 0.7 <0.22N 1.0 <0.58N 1.1 <0.22 1.0 28.90 0.7 
~-SUB-04-15' 0.013 1.3 12.02 0.5 <0.22N 1.0 <0.55N 1.1 <0.22 1.0 24.81 0.8 

w 
N ~-SUB-08-0-10' 0.014 1.4 25.14 1.2 <0.22N 1.0 <0.55N 1.1 <0.22 1.0 50.49 1.2 
00 ~-SUB-08-11-18 0.013 1.3 19.93 0.9 <0.22N 1.0 1.20N 4.8 <0.22 1.0 47.49 1.2 

~-SUB-08-15' 0.011 1.1 12.54 0.8 <0.22N 1.0 <0.55N 1.1 <0.22 1.0 23.88 0.6 

~-SUB-07-0-1a 0.009 0.9 12.44 0.6 <0.21N 1.0 <0.521'11 1.0 <0.21 1.0 24.88 0.8 
~-SUB-07-11-18 0.008 0.8 9.39 0.4 <0.21N 1.0 <0.52N 1.0 <0.21 1.0 20.46 0.5 
~-SUB-07-15' 0.013 1.3 9.57 0.4 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 19.89 0.5 

Background Sample Reeulta 
WSOR-SUB-05-5' 0.017 1.7 30.17 1.4 <0.22 1.0 <0.54N 1.0 <0.22 1.0 58.57 1.4 
~-SUB-05-10' 0.016 1.8 18.93 0.8 <0.21 1.0 <0.53N 1.0 <0.21 1.0 35.24 0.9 
~-SUB-05-15' 0.009 0.9 16.48 0.8 <0.21 1.0 <0.51N 1.0 <0.21 1.0 30.18 0.7 
Mean Background/Std. Deviation 0.01/0.0044 21.88{1.24 0.11/NA 0.28/NA 0.11/NA 40.68/14.01 

[ ] Sample analyte concentration In m!Jikg. 
R Ratio of Hmple anlllyte concentration to -rage background level8 (on- half of detection limit ueed If analylil not detBctld). 

NA Standard deYiatlon not calculatied beca~ee anlllyte wu not detected In lit least one sample. 
N Eatimaled value, apiked anlllyte recovery below control Hmlta. 



TABLE 3.11. Subsurface Soil Metals Concentrations at the Oscura Site, May 1991. Results in mg/kg. (continued) 

Stmple Antimony Anlenic Barium Cadmium Chromium Copper Lead 
Sample 1.0. 0. [] R [] R [] R [] R [] R [] R _ll R 

~R-SUB-08-0-1a 05/14191 <4.26N 0.3 2.13 0.8 141.79N 0.6 <0.43 1.0 8.10 0.7 7.88 0.8 7.68N 0.8 
~-SUB-08-11-18 05/14191 20.06N 2.4 2.98 1.1 228.09N 1.0 <0.42 1.0 9.93 0.9 9.82 0.7 8.03N 0.8 
~R-SUB-08/S--11-15 05/14191 8.44N 1.0 5.70 2.1 173.0N 0.8 0.84 4.0 6.43 0.8 5.!58 0.4 8.02N 0.8 
~-SUB-08/C-11-15 05/14191 12.79111 1.5 2.35 0.9 147.12N 0.8 0.85 4.0 8.82 0.6 5.85 0.4 8.21N 0.9 
~-SUB-08-15' 05/14191 11.70N 1.4 1.70 0.6 127.88N 0.6 <0.43 1.0 5.96 0.5 5.00 0.4 6.81N 0.7 

~-SUB-09-0-1a 05/14191 11.82N 1.4 2.22 0.8 161.56N 0.7 <0.42 1.0 7.92 0.7 5.80 0.4 8.87N 0.9 
~-SUB-09-11-18 05/14191 11.46N 1.3 2.50 0.9 129.17N 0.8 <0.42 1.0 5.21 0.5 3.85 0.3 8.13N 0.8 
~R-SUB-09-15' 05/14191 12.97N 1.5 2.18 0.8 123.24N 0.5 <0.43 1.0 8.00 0.7 4.88 0.4 7.35N 0.8 

~R-SUB-10-0-10' 05114/91 7.82N 0.9 2.83 1.1 199.13N 0.9 <0.44 1.0 7.83 0.7 8.84 0.5 7.73N 0.8 
~R-SUB-10-11-18 05115191 12.17N 1.4 2.10 0.8 127.21N 0.6 <0.44 1.0 6.19 0.5 6.84 0.5 6.08N 0.6 
~R-SUB-10-15' 05115191 11.04N 1.3 2.76 1.0 144.58N 0.6 0.55 2.6 9.16 0.8 16.76 1.3 7.40N 0.8 

~R-SUB-11-0-10' 05115191 9.89N 1.2 2.75 1.0 150.55N 0.7 <0.44 1.0 11.76 1.0 12.88 1.0 9.67N 1.0 
~-SUB-11-11-18 05115/91 9.79111 1.2 2.61 1.0 139.28N 0.6 0.76 3.6 8.81 0.8 9.88 0.7 8.27N 0.9 w ~-SUB-11-15' 05115191 9.88N 1.2 2.41 0.9 185.10N 0.8 <0.44 1.0 9.20 0.8 11.06 0.8 8.43N 0.9 

N 
\0 

~-SUB-12-0-10' 05115191 7.50N 0.9 2.47 0.9 212.22N 09 <0.43 1.0 9.43 0.8 7.93 0.6 8.36N 0.9 
~-SUB-1~o-1a 05115191 8.57N 1.0 2.57 1.0 263.38N 1.2 <0.43 1.0 10.28 0.9 8.14 0.6 8.46N 0.9 
~-SUB-12-11-18 05/18191 15.12N 1.8 2.36 0.9 147.95N 0.6 <0.43 1.0 10.69 0.9 7.02 0.5 6.70 0.7 
~R-SUB-12-15' 05118191 14.24N 1.7 1.97 0.7 254.11N 1.1 0.77 3.7 8.11 0.7 6.79 0.5 6.46 0.7 

~R-SUB-13-0-10' 05118191 12.06N 1.4 2.63 1.0 166.67N 0.7 <0.44 1.0 13.36 1.2 12.28 0.9 10.09 1.0 
~R-SUB-13-11-18 05118191 11.60N 1.4 2.0 0.7 125.53N 0.5 <0.42 1.0 10.02 0.9 7.49 0.6 7.17 0.7 
~R-SUB-13-15' 05116191 9.79111 1.2 2.18 0.8 161.04N 0.7 <0.44 1.0 7.73 0.7 8.27 0.6 8.36 0.9 

~-RIN-04* 05110/91 <40 <1 5 <4 <7 88 125 

Mean Background 8.51 2.88 228.53 0.21 11.36 13.25 9.61 

*Rinaate war aample-reaulta in mgll 
[ ] Sample analyte concentration in mglkg. 
R Ratio of aample anlllyte concentration to average background Ieveii (one- half of detection limit ueed H anlllyte not detected). 
N Estimated value, aplked analytilrecovery below control llmlta. 



TABLE 3.11. Subsurface Soil Metals Concentrations at the Oscura Site, May 1991. Results in mg/kg. (continued) 

Me~eury Nickel Selenium Silver Thlllllum Zinc 
Sample J.D. [] R [] R [] R _ll_ R [] R [] R 

WSOR-SUB-08-0-10' 0.014 1.4 17.06 0.8 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 31.88 0.8 
WSOR-SUB-08-11-1~ <0.006 0.3 19.43 0.9 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 37.06 0.9 
WSOR-SUB-DeiS--11-15' <0.005 0.3 14.n 0.7 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 26.90 0.7 
WSOR-SUB-08/C-11-1~ <0.005 0.3 13.88 0.8 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 28.14 0.7 
WSOR-SUB-08-15' <0.006 0.3 12.n 0.8 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 23.40 0.8 

WSOR-SUB-09-0-10' <0.005 0.3 17.95 0.8 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 36.85 0.9 
WSOR-SUB-09-11-1~ 0.005 0.5 11.48 0.5 <0.21N 1.0 <0.52N 1.0 <0.21 1.0 22.92 0.6 
WSOR-SUB-09-15' <0.005 0.3 14.05 0.8 <0.22N 1.0 <0.54N 1.0 <0.22 1.0 30.05 0.7 

WSOR-SUB-10-0-10' <0.006 0.3 19.59 0.9 <0.22N 1.0 <0.54N 1.0 <0.22 1.0 28.82 0.7 
WSOR-SUB-10-11-15 0.011 1.1 15.49 0.7 <0.22N 1.0 <0.55N 1.1 <0.22 1.0 24.12 0.8 
WSOR-SUB-1 0-15' 0.009 0.9 15.45 0.7 <0.22N 1.0 <0.55N 1.1 <0.22 1.0 29.36 0.7 

WSOR-SUB-11-0-1 0' 0.013 1.3 18.88 0.9 <0.22N 1.0 <0.55N 1.1 <0.22 1.0 40.0 1.0 
WSOR-SUB-11-11-15 <0.005 0.3 18.32 0.7 <0.22N 1.0 <0.54N 1.0 <0.22 1.0 33.51 0.8 

~ 
WSOR-SUB-11-15' 0.007 0.7 18.82 0.9 <0.22N 1.0 <0.55N 1.1 <0.22 1.0 32.97 0.8 

~ WSOR-SUB-12-0-10' <0.005 0.3 18.08 0.7 <0.211't 1.0 0.88N 3.3 <0.21 1.0 29.9 0.7 0 
WSOR-SUB-12/S-D-1 a <0.005 0.3 13.92 0.8 <0.21N 1.0 3.0N 11.5 <0.21 1.0 29.55 0.7 
WSOR-SUB-12-11-15 <0.006 0.3 14.04 0.8 <0.22NI 1.0 <0.54 1.0 <0.22N 1.0 28.13 0.8 
WSOR-SUB-12-15' <0.006 0.3 13.14 0.8 <0.22N 1.0 <0.55 1.1 <0.22N 1.0 27.38 0.7 

WSOR-SUB-13-0-10' 0.008 0.8 19.74 0.9 <0.22N 1.0 <0.55 1.1 <0.22N 1.0 40.57 1.0 
WSOR-SUB-13-11-1~ <0.006 0.3 18.88 0.8 <0.21N 1.0 <0.53 1.0 <0.21N 1.0 29.43 0.7 
WSOR-SUB-13-15' <0.005 0.3 18.32 0.7 <0.22N 1.0 <0.54 1.0 <0.22N 1.0 29.71 0.7 

WSOR-RIN-04* 0.3 <20 <2 <5 <2 71 

Mean S.:kground 0.01 21.88 0.11 0.26 0.11 40.88 

*Rinaalle water sample-results In m~ 
[ ] Swnp!e analyte concentration in mglkg. 
R Ratio of aamp!e enelyte concentration to average bee kground level8 (one- half of detection limit ueed if anelyt8 not detected). 
N Estimated value, spiked analyte r.covery below control Hmlta. 



Plate 6 shows the location of sample trenches at Red Rio. In all, six trenches were 

excavated with composite samples typically taken over intervals of 0-10 ft and 11-15 ft and a 

discrete sample collected at 15 ft. While excavating Trench 2, a critical weld on the backhoe 

broke forcing an interruption in sampling. As a result, composite samples were collected 

over intervals 0-6 ft and 8-10ft. Buried waste materials were encountered at 3 ft and 7ft in 

Trench 3 and, as a precaution, excavation was stopped. One 0-6 ft composite sample as well 

as discrete samples at 3 ft and 7ft were collected. The material exposed at 3 ft appeared to 

be a metal fin of a practice bomb and soil discolored by the oxidizing metal. According to 

the EOD personnel on-site, this feature has been observed at other munitions burial sites. At 

a depth of 7ft, blackened and rusted BDU-33 practice bombs and what appeared to be fins 

from a larger bomb, possibly a BDU-500, were uncovered. 

As before, no explosive compounds were found above detection limits. These limits of 

detection are noted in Table 3.3. Table 3.12 lists the TCL semivolatile organic compounds 

found above detection limits in the Red Rio subsurface samples. As described earlier, these 

compounds occurred as a result of laboratory contamination and did not affect the results for 

the other TCL compounds for which analysis was performed. 

Table 3.13 lists the metals concentrations for the Red Rio subsurface samples. A1118 

subsurface samples contained copper concentrations exceeding two times average 

background. Similarly, lead exceeded two times background in 15 of 18 samples with two of 

these exceeding five times but none exceeding ten times background. Zinc was present in 

one sample greater than ten times background and in one sample between two and five times 

background. Chromium was found in one sample between five and ten times background. 

With the exception of antimony concentrations in a few samples, none of the metal and 

arsenic concentrations exceeded typical ranges for western U.S. soils. 
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TABLE 3.12. Summary of Semivolatile Organic Compounds Above Detection Limits in 
Red Rio Subsurface Soil Samples, April 1991. Results in #Lg/kg. Detection 
limits are presented in Table 3.5. 

Sample I.D. Sample N-Nitrosodipbenylamine Di-n-Butylpbthalate 
Date 

WSRR-SUB~1-0-10" 04/24/91 ---- 730 
WSRR-SUB~1-11-15" 04/24/91 ---- ---
WSRR-SUB~1-15" 04/24/91 ---- 780 

WSRR-SUB~~-6" 04/24/91 ---- 1400 
WSRR-SUB~2/S~-6" 04/24/91 ---- 1000 
WSRR-SUB~/c~· 04/24/91 ---- 1700 
WSRR-SUB~-8-10" 04/26/91 ---- 240 
WSRR-SUB~-15" 04/26/91 
WSRR-SUB~-11-15" 04/26/91 ---- 180 

WSRR-SUB~3-3" 04/26/91 ---- 280 
WSRR-SUB~3-7" 04/26/91 ---- 350 
WSRR-SUB~3~" 04/26/91 --- 320 

WSRR-SUB~-0-10" 04/26/91 ---- 290 
WSRR-SUB~-11-15" 04/26/91 ---- 230 
WSRR-SUB~-15" 04/26/91 ---- 180 

WSRR-SUB~5-5" 04/23/91 51 160 
WSRR-SUB~5-10" 04/23/91 70 370 
WSRR-SUB~5-15" 04/23/91 ---- 190 

WSRR-SUB~~-10" 04/27/91 ---- 200 
WSRR-SUB~-11-15" 04/27/91 
WSRR-SUB~-15" 04/27/91 ---- 110 

WSRR-RIN~3* 04/26/91 ---- 14 

J - Estimated values, analyte detected below the sample quantitation limit 
*Rinsate water sample-results in p.g/1 

bis(2-Etbylbexyl)Pbthalate Butylbenzylpbthalate 

43 
35 
54 
56 
56 
94 
75 

34 

64 
77 
150 

110 
62 
65 
34 
59 
56 
83 

2J 



TABLE 3. 13. Subsurface Soil Metals Concentrations at the Red Rio Site, April 1991. Results in mg/kg. 

Sample Antimony Areenic Barium Cadmium Chromium Copper Lead 
Sample 1.0. 0. [] R [] R [] R [] R [] R [] R [] R 

WSRR-SUB-01-0-1a 04/24191 <4.33N 0.3 2.92 0.8 98.92 1.5 <0.43 0.8 5.41 0.8 5.83 3.5 5.30 2.0 
WSRR-SUB-01-11-15' 04/24191 <4.43N 0.3 4.87 1.4 115.17 1.7 <0.44 0.8 5.20 0.8 10.74 6.6 8.86 3.4 
WSRR-SUB-01-15'** 04/24/91 <4.46N 0.3 3.24 0.9 121.65 1.8 <0.45 0.8 6.25 1.0 8.62 5.4 8.59 3.3 

WSRR-SUB-02-0-6' 04/24191 <4.45N 0.3 4.45 1.3 123.61 1.8 <0.45 0.8 6.68 1.0 6.01 3.7 6.79 2.6 
WSRR-SUB-02/S-0-6' 04/24191 <4.51N 0.3 3.49 1.0 120.83 1.8 <0.45 0.8 7.33 1.1 6.54 4.0 6.31 2.4 
WSRR-SUB-02/C-0-6' 04/24191 6.726N 0.9 3.59 1.0 130.04 1.9 <0.45 0.8 6.39 1.0 6.74 5.4 6.84 2.6 
WSRR-SUB-02-8-10' 04/26191 5.49111 0.7 2.84 0.8 118.68 1.8 <0.44 0.8 6.81 1.0 9.56 5.9 18.79 7.2 
WSRR-SUB-02-11-15' 04/26191 6.51N 0.8 2.62 0.8 126.90 1.9 <0.43 0.8 6.40 1.0 7.48 4.6 8.68 3.3 
WSRR-SUB-02-15' 04/26191 <4.33N 0.3 2.71 0.8 139.76 2.1 0.65 2.3 5.98 0.9 13.76 8.5 10.08 3.8 

WSRR-SUB-03-3' 04/26191 <4.72N 0.3 2.24 0.6 87.97 1.3 <0.47 0.8 38.44 5.9 242.92 150.0 7.67 2.9 
WSRR-SUB-03-T 04/26191 <4.71N 0.3 2.36 0.7 87.75 1.3 <0.47 0.8 6.36 1.0 12.49 7.7 20.97 8.0 
WSRR-SUB-03-0-6' 04/26191 <4.65N 0.3 2.87 0.8 103.26 1.5 <0.47 0.8 7.67 1.2 13.14 8.1 10.81 4.1 

(j.) WSRR-SUB-04-0-1 0' 04/26191 6.86N 0.9 2.06 0.6 78.97 1.2 <0.46 0.8 5.94 0.9 6.74 4.2 5.60 2.1 
(j.) WSRR-SUB-04-11-15' 04/26191 6.80N 0.9 1.93 0.6 65.87 1.0 <0.45 0.8 4.76 0.7 6.80 4.2 5.22 2.0 
(j.) 

WSRR-SUB-04-15' 04/26191 <4.56N 0.3 2.39 0.7 71.95 1.1 <0.46 0.8 5.47 0.8 5.93 3.7 4.45 1.7 

WSRR-SU8-06-0-1a 04/'ZI/91 5.72N 0.7 2.40 0.7 102.17 1.5 <0.46 0.8 6.75 1.0 8.12 5.0 6.41 2.4 
WSRR-SUB-06-11-15' 04/'ZI/91 8.97N 0.9 2.21 0.8 86.18 1.3 <0.46 0.8 6.62 1.0 15.80 9.8 4.60 1.8 
WSRR-SUB-06-15' 04/'ZI/91 8.06N 1.0 2.42 0.7 92.28 1.4 <0.46 0.8 6.34 1.0 7.60 4.7 4.03 1.5 

WSRR-RIN-03* 04/26191 <40N <1 <1 <4 <7 21 <5 

Background Sample Resulta 
WSRR-SUB-05-5' 04/23191 7.47N 1.0 3.09 0.9 48.24 0.7 0.43 1.5 4.70 0.7 0.53 0.3 1.81 0.7 
WSRR-SUB-05-10' 04/23191 8.49111 1.1 3.50 1.0 76.75 1.1 <0.42 0.8 6.90 1.1 1.80 1.1 2.76 1.1 
WSRR-SUB-05-15' 04/23191 7.41N 1.0 3.81 1.1 78.31 1.2 <0.42 0.8 8.04 1.2 2.54 1.6 3.28 1.3 
Mean Background/Std. Deviation 7.79/0.61 3.47/0.36 67.n/16.93 0.28/NA 6.55/1.70 1.62/1.02 2.62/0.75 

• Rlnaate Water Sample, Resulta in u~. 
[ ] Sample enalyte concentration, in mglkg. 
R Ratio of aample enalyte concentration to ~~~~erage background level (one-half of the de18ction limit ueed tor undetactld sample enalylle). 

NA Standard deviation not calculated becauee enalyte was not detected In Ill least one sample. 
N Estimated value, spike recovery below control limits. 



TABLE 3.13. Subsurface Soil Metals Concentrations at the Red Rio Site, April 1991. Results in mg/kg. (continued) 

Men:ury Nickel Selenium Sliver Thlllllum Zinc 
s.mple 1.0. [] R [] R [] R [] R ___ll R [] R 

~-sus-o1-o-1a 0.006 0.8 11.90 1.1 <0.22N 1.0 <0.54N 1.0 <0.22 1.0 23.38 1.1 
WSRR-SUB-01-11-1~ 0.010 1.3 12.18 1.1 <0.22N 1.0 <0.515N 1.0 <0.22 1.0 29.24 1.4 
WSRR-SUB-01-15'- 0.006 0.8 12.28 1.1 <0.22N 1.0 <0.!56111 1.0 <0.22 1.0 31.58 1.5 

WSRR-SUB-02-0-8' 0.007 0.9 13.38 1.2 <0.22N 1.0 <0.58111 1.0 <0.22 1.0 31.85 1.5 
WSRR-SUB-02/S-0-8' 0.006 0.8 23.88 2.1 <0.23N 1.0 <0.58N 1.0 <0.23 1.0 32.47 1.5 
WSRR-SUB-02JC-0-8' 0.006 0.8 15.70 1.4 <0.22N 1.0 <0.58111 1.0 <0.22 1.0 31.73 1.5 
WSRR-SUB-02-8-1a <0.005 0.3 31.87N 2.8 <0.22N 1.0 <0.55 1.0 <0.22 1.0 28.90 1.3 
WSRR-SUB-02-11-15' <0.005 0.3 11.93N 1.1 <0.22N 1.0 <0.54 1.0 <0.22 1.0 28.09 1.3 
WSRR-SUB-02-1~ <0.005 0.3 13.00N 1.1 <0.22N 1.0 <0.54 1.0 <0.22 1.0 29.58 1.4 

WSRR-SUB-03-3' <0.006 0.4 17.69N 1.6 <0.24N 1.0 <0.58 1.1 <0.24 1.1 942.22 43.8 
WSRR-SUB-03-T <0.006 0.4 14.13N 1.2 <0.24N 1.0 <0.58 1.1 <0.24 1.1 36.51 1.7 
WSRR-SUB-03-0-6' <0.006 0.4 22.09N 1.9 <0.23N 1.0 <0.58 1.1 <0.23 1.0 46.63 2.2 

w WSRR-SUB-04-0-10' <0.006 0.4 11.43N 1.0 <0.23N 1.0 <0.57 1.1 <0.23 1.0 20.80 1.0 
WSRR-SUB-04-11-15' <0.006 0.4 11.34N 1.0 <0.23N 1.0 <0.57 1.1 <0.23 1.0 21.32 1.0 w WSRR-SUB-04-15' <0.006 0.4 21.86N 1.9 <0.23N 1.0 <0.57 1.1 <0.23 1.0 19.38 0.9 .J:o. 

WSRR-SUB-06-0-10' <0.006 0.4 12.59N 1.1 <0.23N 1.0 <0.57 1.0 <0.23 1.0 25.63 1.2 
WSRR-SUB-06-11-15' <0.006 0.4 9.29N 0.8 <0.23N 1.0 <0.58 1.0 <0.23 1.0 16.30 0.8 
WSRR-SUB-06-15' <0.006 0.4 12.67N 1.1 <0.23N 1.0 <0.58 1.0 <0.23 1.0 19.24 0.9 

WSRR-RIN-03* <0.2 380 <2 <5 <2 100 

Bckground Sample Reeulta 
WSRR-SUB-05-5' 0.005 0.3 8.54 0.8 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 16.86 0.8 
WSRR-SUB-05-1a 0.007 0.9 12.74 1.1 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 23.25 1.1 
WSRR-SUB-05-15' 0.015 1.9 12.70 1.1 <0.21N 1.0 <0.53N 1.0 <0.21 1.0 24.76 1.1 
Me., BckgroundtStd. Deviation 0.008/0.0053 11.33/2.41 0.11/NA 0.27/NA 0.11/NA 21.62/4.19 

* Rlnaate War Sample, Reeulta In u~. 
[] Sample .,alyte concentration, in mW!<g. 
R Ratio of umple .,a~y~e concentration to average background level (on-half of the detection limit ueed for undetected umple .,alyte). 

NA Standard deviation not celculad beceuee lll'laiyte w• not detected in at least one aample. 
N Estimated value, spike 18C0Yery below control Hmlta. 



The highest concentrations of chromium (38.4 ppm), copper (150.0 ppm), and zinc 

(942.2 ppm) were found in WSRR-SUB-03-3'. As mentioned earlier, waste material 

including oxidized metal, was incorporated into this sample. The aforementioned is the 

likely source of the elevated chromium, copper, and zinc in this sample. 

While no direct comparison can be made between surface and subsurface sample results 

a review of the data suggests that the average subsurface background metals concentrations 

may be unrepresentative of site conditions because they are unusually low and the average 

surface background may be relatively high. All the subsurface samples contained copper and 

most contained lead at least two times above the average background levels. In the surface 

soil samples, however, R values for all copper and seven of ten of the lead values were less 

than one. These data suggest natural variability in the background concentrations of copper 

and lead may account for the results obtained. 
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4.0 QUALITY ASSURANCE/QUALITY CONTROL 

All work associated with the investigation and reporting for the Oscura and Red Rio 

sites was conducted according to quality assurance procedures outlined in the Quality 

Assurance Project Plan (QAPjP) (FPC, August 1990), the Field Activities Quality Assurance 

Project Plan (FAQAPjP) (FPC, February 1991), and the FPC EMO Quality Assurance 

Program Plan (QAPP) (FPC, June 1990). Procedures specific to sampling and laboratory 

analysis are described in the Sampling and Analysis Plan (SAP) (FPC, February 1991). 

All quality assurance/quality control (QA/QC) activities were conducted under the 

direction of the FPC Quality Assurance Manager. Documents which describe procedures as 

well as those which govern quality assurance have been subject to QA review and approval. 

All documents generated have received technical review and approval. 

Quality assurance field surveillances were conducted by both FPC and EMO staff during 

sampling activities at the Red Rio site. These surveillances resulted in recommendations for 

minor changes to field procedures which were immediately implemented. No formal 

corrective actions were necessary. Surveillance reports are included in Appendix D. 

A quality assurance audit was conducted by FPC QA staff on each of TMA' s 

laboratories conducting samples analyses. TMA's facilities, staff, and procedures were 

found to be generally acceptable. Copies of the audit reports and completion notices are 

presented in Appendix D. 

Laboratory data review and validation were conducted by FPC in accordance with 

procedures described in the F AQAPjP. Data validation checklists have been provided under 

separate cover with the raw analytical data. Findings and resulting actions are summarized 

in this section. 
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4.1 FIELD ACTIVITIES OA/OC 

Quality assurance and quality control procedures for field activities are described in the 

above referenced governing documents. These documents describe project team 

organization, operation and calibration of field instruments, sampling and analytical 

procedures, data quality objectives, and other issues relevant to the conduct of field work at 

the Oscura and Red Rio practice bomb disposal sites. Any deviations from the procedures 

prescribed in the governing documents were documented in the field notebook. These 

exceptions are described in Appendix E. 

Data quality objectives (DQOs) for field work, established in the F AQAPjP were met or 

exceeded in all cases. Topographic surveying resulted in site maps with a one-foot control 

interval for both sites. Data produced during geophysical investigations, as well as 

experience gained during subsurface investigations, suggest a horizontal resolution of 

geophysical survey data meeting or exceeding the five-foot objective (i.e., waste locations 

were identified with a resolution of five feet or less). In several sampling trenches waste 

materials were encountered near the waste boundary located by geophysical methods. 

4.2 FIELD OC SAMPLING DATA 

Field QC samples consisting of sample splits, co-located samples, and decontamination 

rinsate samples were collected at a minimum frequency of one in every 10 samples (per 

matrix). Sample splits were collected at a frequency of one in every 20 samples or greater 

(per matrix). Co-located samples were collected at a frequency of nearly one in every 

20 samples (per matrix). The FAQAPjP stated one decontamination rinsate sample would be 

collected at the Oscura site and one at the Red Rio site. This requirement was satisfied. 
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Split samples allowed a check on laboratory methods of analysis, taking into account 

natural variability in the sampled medium. Splits were collected by splitting a single sample 

into two parts after thorough mixing. Sample mixing was accomplished using a 

decontaminated stainless steel bowl and trowel. The material was then placed into 

appropriately labeled sample jars. 

Co-located samples provided information to evaluate the cumulative effects of the 

precision of the field sampling method (sampling variability), the heterogeneity of the sample 

matrix at a sampling location, and the precision of laboratory methods of analysis. 

Co-located samples were collected concurrently and at locations adjacent to the original 

samplings. At least one co-located sample was collected during surface and subsurface soil 

sampling at each the Oscura and Red Rio sites. 

Decontamination rinsate samples consisted of rinsate water (deionized) from the final 

stage of decontamination of the sampling trowels, mixing bowls, and backhoe bucket. 

Rinsate samples were collected during the subsurface soil sampling program. At least one 

decontamination rinsate sample was collected during sampling at each the Oscura and Red 

Rio sites. Analytical results from decontamination rinsate samples allowed a determination 

of the effectiveness of decontamination procedures. 

4.2.1 Split and Co-Located QA/OC Analyses 

The split and co-located sample data were analyzed for field and laboratory technique 

precision and sample homogeneity using relative percent difference (RPD). RPD is 

calculated using the following formula: 

D - D 
RPD = 1 2 X 100 

(DI + Dz)/2 

Where RPD = relative percent difference 
D1 = the larger of the two values 
D2 = the smaller of the two values 
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To calculate RPD values for samples that had parameter concentrations reported as 

undetected, a value of one-half the detection limit was used in the equation. 

A control limit of 35% RPD was used to evaluate split and co-located samples. Split 

samples with parameter RPD values greater than 35% may indicate significant soil 

heterogeneity or that values reported for this parameter on other samples collected and 

analyzed within the same batch are uncertain due to low precision in laboratory methods. 

Co-located samples with RPD values greater than 35% could result from a significant degree 

of non-homogeneity (heterogeneity) of the material at the sample location or variability in 

sampling or laboratory methods. 

Split Samples 

A total of six soil samples were collected as split samples (2 surface and 4 subsurface). 

Each sample was analyzed for RCRA metals, explosives, and semiv<?latile organic 

compounds (Table 3.1). Neither explosive compounds nor semi volatile compounds (except 

confirmed laboratory contaminants described in Section 3.2) were detected in split samples or 

the original samples from which they were derived. Therefore, analysis of laboratory 

analytical data for split samples is limited to the 13 RCRA metals. 

Analytical results for a total of 78 parameters (13 metals for each of 6 split samples) 

were evaluated with respect to a RPD control limit of 35%. This control limit value was 

exceeded in 14 of the 78 tests for a success rate of 82% (Table 4.1). This value is 

considered to be acceptable considering the inherent heterogeneity of soil samples and the 

laboratory duplicate control limit of 35%. Additionally, it should be noted that in 6 of the 

14 tests outside the control limit, the analyte was detected at a concentration near the 

detection limit in either the original or split sample and was reported as undetected in the 

other (split or original sample, respectively). In these cases one half of the detection limit 

was used to calculate RPD. If these cases are disregarded the success rate is actually higher 
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TABLE 4.1. 

Sample ID 

WSRR-SUR-Q1-0-2" 

WSRR-SlJB-02-0-6' 

WSOR-SUR-Q3-0-2" 

WSOR-SlJB-04-0-10' 

WSOR -SlJB-08-11-15' 

WSOR-SlJB-12-0-10' 

Soil Split Samples with Relative Percent Difference 
Values Exceeding 35 Percent 

Analyte RPD 

Antimonyt 120 
Cadmiumt 142 

Lead 83 

Nickel 56 

Antimonyt 127 

Antimonyt 127 
Mercury 113 

Zinc 49 

Antimonyt 82 
Arsenic 63 

Cadmiumt 120 
Chromium 43 

Copper 55 

Silver 111 

t Either split or original sample reported an undetected value while the other sample 
reported a detected value. For evaluation purposes, 1h the detection limit was used. 
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than 82%. In those cases where the analyte was detected in both the original and split 

samples, the RPD exceeded 85% (a value which can reasonably be explained by variability 

in the soil matrix) in only one case, a silver analysis. With the exception of silver and 

antimony, no other parameters appear to have persistent precision problems. Silver was not 

a contaminant of concern at these sites and the inclusion of antimony as a contaminant of 

concern did not materially affect the assessment of risks (Section 5). 

Co-located Samples 

A total of five soil samples (2 surface and 3 subsurface) were collected as co-located 

samples. Each sample was analyzed for the same parameters as original and split samples. 

Except for confirmed laboratory contaminants, only one organic compound, 

2,4-dinitrotoluene, was identified in the co-located and original samples. The occurrence of 

this organic compound, as well as the concentrations of metals, were evaluated for co-located 

and original samples. 

The control limit of 35% RPD was applied to the 65 reported values for metals analyses 

(13 metals for each of 5 samples). The control limit was exceeded in 14 of the 65 cases for 

a success rate of 78% (Table 4.2). Seven cases in which the RPD exceeded the control limit 

were instances where the analyte was not detected in one of the samples but was quantified at 

a concentration near the detection level of the other. For undetected analytes, one half of the 

detection limit was used to evaluate RPD. In those cases where the analyte was detected in 

both the original and co-located sample, the RPD never exceeded 99%. Soil matrix 

variability can be expected to result in greater differences between original and co-located 

samples due to the fact that these samples are collected and analyzed independently. Again, 

antimony appears to have persistent precision problems near the detection level. However, 

the inclusion of antimony as a contaminant of concern did not significantly affect the 

outcome of the risk assessment (Section 5). 
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TABLE 4.2. 

Sample ID 

VVS~-SlJR-Q1-0-2" 

vvs~-SlJB-02-0-6' 

VVSOR-SlJR-Q3-0-2" 

VVSOR-SlJB-04-0-10' 

VVSOR-SlJB-08-11-15' 

Soil Co-located Samples with Relative Percent Difference 
Values Exceeding 35 Percent 

Analyte RPD 

Antimonyt 120 
Cadmium 99 

Antimonyt 101 
Copper 37 

Antimonyt 127 

Antimonyt 128 
Cadmiumt 101 
Mercuryt 120 

Zinc 77 

Antimony 44 
Barium 43 

Cadmiumt 121 
Chromium 37 

Copper 54 

t Either the co-located or original sample reported an undetected value while the other 
sample reported a detected value. For evaluation purposes, 1h of the detection limit 
was used. 
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The only organic compound detected in samples from the White Sands sites which has 

not been confirmed as a laboratory contaminant is 2,4-dinitrotoluene (2,4-DNT). This 

compound, detected through EPA Method 8270, was quantified for the sample 

WSOR-SUR-Q3/C-0-2" at 1.2 mg/kg. This compound was not detected in the same sample 

using USATHAMA explosives analyses which have a detection level of 0.4 mg/kg for 

2,4-DNT. Nor was this compound detected by EPA or USATHAMA methods in the 

original or split sample collected at the same locations. Due to field sampling procedures, 

subsamples submitted for analyses under EPA Method 8270 and USA THAMA methods are 

essentially splits of sample WSOR-SUR-Q3/C-0-2". Given laboratory quality control data 

including spike recoveries, it must be deduced that 2,4-DNT was present only in the 

subsample of WSOR-SUR-Q3/C-0-2" which was analyzed by EPA Method 8270. Accepting 

this, the evidence suggests that the 2,4-DNT detected is not widespread but is present in 

relatively low concentrations in one or more isolated locations within the Q3 surface soil 

sampling quadrant at the Oscura site. 

4.2.2 Decontamination Rinsate Samples 

Three decontamination rinsate samples were collected during the investigations at the 

Oscura and Red Rio sites. The governing documents called for the collection of a single 

decontamination rinsate sample at each site. However, because a sample bottle broke during 

shipment to the laboratory, a second rinsate sample was collected at the Oscura site for 

explosives analysis only. Decontamination rinsate samples were collected by filling each 

bottle approximately half-full with deionized water rinsate from stainless steel sampling 

equipment and filling the remainder with rinsate from the backhoe bucket. The stainless 

steel sampling equipment was rinsed using a laboratory squirt bottle and the backhoe bucket 

was rinsed using a spray of deionized water from a pressurized sprayer. Rinsate water was 

collected by placing the sampling bottle directly beneath the stream of water running off the 

sampling equipment or backhoe bucket. 
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Results of metals analyses for decontamination rinsate samples are provided in 

Tables 3.10 and 3.12. No explosive compounds or semivolatile compounds were detected in 

theses samples except for confirmed laboratory contaminants. Metals, including copper and 

zinc, were detected in both decontamination rinsate samples analyzed for metals. The rinsate 

sample from the Oscura site also contained detectable concentrations of barium, lead, and 

mercury. Nickel was the only other metal detected in the Red Rio decontamination rinsate 

sample. 

Identification of these metals in the decontamination rinsate samples raises issue 

regarding the potential for cross-contamination in site environmental samples. However, 

there is little correlation between the metals detected and the concentrations of those metals 

in samples collected prior to or immediately following the collection of the rinsate samples. 

It should be noted that decontamination rinsates did not contain visible suspended or settled 

solids. Given the concentrations of the metals in the soils sampled immediately prior to 

rinsate collection, one gram of soil per liter or more would be necessary to account for the 

concentrations identified in the decontamination rinsate samples. One exception would be the 

decontamination rinsate sample collected at the Red Rio site (WSRR-RIN-03). A waste 

sample with relatively high concentrations of copper and zinc (WSRR-SUB-03-3') was 

collected prior to the rinsate sample collection. Analysis of subsequent soil samples failed to 

determine any significantly elevated concentrations of these metals; indicating that 

decontamination procedures were adequate to prevent cross-contamination. 

Other potential sources existed for elevated metals concentrations detected in the 

decontamination rinsate samples. The pressurized sprayers used for soap solutions and 

deionized water for the backhoe bucket decontamination used some metal parts, including a 

brass air pump to generate pressure, and brass nozzles and spraying wands. The pump parts 

are brazed with an alloy containing lead and other metals. These metal parts could also be a 

source of copper. Welding rods used in the construction of the backhoe bucket and in 
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forming hardened beads on the surface and edges of the bucket contain a variety of metals 

including nickel, barium, and zinc. Finally, the paint used on the backhoe bucket may 

contain metals such as lead and zinc. 

In summary, decontamination blanks contained elevated levels of some metals including 

copper, zinc, lead, and nickel. These metals bear little correlation to metals identified in 

related soil samples. Other potential sources for these metals exist, particularly the 

construction materials used in the pressurized sprayers and the backhoe bucket. 

4.3 ANALYTICAL LABORATORY DATA VALIDATION 

Soil and water (decontamination rinsate) samples collected at the Oscura and Red Rio 

sites were subject to analysis for metals, explosive compounds, and semivolatile organic 

compounds according to standard EPA and USA THAMA methods included in Appendix A 

of the SAP. Laboratory analyses were conducted by ThermoAnalytical Inc. in their 

Monrovia, California and Ann Arbor, Michigan facilities. The laboratory was required to 

conduct an internal validation of the generated data and flag all data not complying with the 

QC requirements of the EPA and USA THAMA methods used or those specified in the 

FAQAPjP. FPC also performed a validation of laboratory analytical data consisting of a spot 

check of compliance with holding times, calculations, data transcriptions, initial and 

continuing calibration checks, spike recoveries, and duplicate analyses. Findings of these 

efforts are included on data validation checklists provided with raw analytical data under 

separate cover and are summarized in this section. 

Documentation of laboratory QC analyses provided with each data package formed the 

basis of FPC's data validation review. A checklist identifying validation criteria for each 

type of analysis (metals, explosive compounds, semivolatile compounds) was completed for 

each package. If spot checks of the data provided identified any inconsistencies, the 
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validation criteria in question was applied to the entire data package for that analysis. The 

analytical laboratory, Thermo Analytical, Inc., was then requested to provide corrected 

information and backup documentation, as appropriate, to resolve the inconsistencies. 

In general, laboratory data quality met specified QA/QC criteria. Problems identified 

during FPC's data validation can be divided into three general categories: 1) transcription 

and calculation errors, 2) missing information, and 3) missed holding times. Each of these 

problems was satisfactorily resolved by the laboratory. A discussion of these problems as 

well as an evaluation of the data are presented in Appendix E. 
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5.0 RISK ASSESSMENT 

5.1 INTRODUCTION 

The objective of this Risk Assessment (RA) is to determine whether or not contaminants 

present at the Oscura and Red Rio sites present a potential human health risk. Contaminants 

at the two sites include organic compounds which do not occur naturally and inorganic 

substances which are present at concentrations significantly elevated above background 

levels. Contaminants have been identified in surface and subsurface soils at each site. The 

primary concern of this RA is the evaluation of potential carcinogenic and noncarcinogenic 

health risks associated with exposure to contaminated surface soils at each site. These sites 

are extremely remote and have no current or anticipated future use other than temporary 

storage of scrap metal. Based on current and anticipated land uses as well as overall low 

contaminant concentrations, subsurface contamination is not believed to present a significant 

threat to human health. The potential for contaminant migration to ground or surface water 

is discussed in Section 6.0. 

5.2 SELECTION OF CONTAMINANTS OF CONCERN 

1 As discussed in Section 3, all surface and subsurface soils at both sites were analyzed 

for certain explosives, semivolatile organic compounds, and metals. Although none of the 

explosives analyses showed the presence of explosives compounds above detection limits, 

2,4-DNT was identified in one surface soil sample from the Oscura site during semivolatile 

organics analysis. ~ addition, several metals were found above background concentrations. 

Sample analytical results are presented in Section 3.0. An evaluation of data quality is 

provided in Section 4.0. 
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In order to identify only those contaminants which may significantly contribute to the 

potential health risks posed by the sites, all contaminants found at the sites were considered 

to be potential contaminants of concern (COCs). Certain contaminants were eliminated from 

consideration as COCs based on the following criteria: 

"" 

1. Explosives analyzed for by USATHAMA methods were not detected in 

any samples and were withdrawn from the RA. 

2. Target Compound List (TCL) semivolatile organic compounds not 

detected in any site samples were withdrawn from the RA. 

I 3. Several TCL compounds detected in site samples and laboratory blanks 

have been identified as laboratory contaminants (see Section 3.2.2.). 

These compounds were withdrawn from the RA. 

4. All inorganics analyzed for, but not detected in site samples, were 

withdrawn from the RA. 

L 5. Inorganic elements present in site samples at concentrations less than 

three times average background concentrations were eliminated from 

the RA. Background values used are presented in Section 3.2.2. 

In order to evaluate only those inorganic constituents which were detected significantly 

above background concentrations, any inorganic constituent present in concentrations greater 

than three times background concentrations was incorporated into the RA.~ This approach is 

similar to that used to identify an "observed release" in 40 CFR Part 300, the EPA's Hazard 

Ranking System (HRS) (55 FR 51532). However, the HRS criteria include as an "observed 

release" sample measurements which equal or exceed the detection limit when the 

background concentration is below detection limits. For the purpose of this RA, the use of 
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this criteria to select COCs was not employed since many sample measurements were near 

detection limits and detection limits achieved in this investigation were commonly below 

typical concentrations for soils of the western U.S. In cases where inorganic constituents 

were not detected in background or site samples, 1 a value of one-half the detection limit was 

used to evaluate relative concentrations. This approach, in combination with the COC 

selection criteria of three times average background, provided a quantitative criteria by which 

inorganic constituents could be selected as a COC. The final selection of COCs pertaining to 

each site is described in greater detail in the sections that follow. 

5.2.1 Oscura Site 

In the surface soils at the Oscura site, three contaminants were identified as COCs. 

These COCs are: 

• 2,4-Dinitrotoluene 

• Antimony 

• Zinc 

The basis for the selection of these COCs is summarized in Table 5.1 and described 

below. 

The contaminant 2,4-DNT was included in the RA because it was detected in a site 

sample. A concentration of 1200 J'g/kg of 2,4-DNT was detected in the sample 

WSOR-SUR-Q3/C-0-2". The presence of this compound in a single surface soil sample may 

be attributed to the practice of using primer cord, or other explosive, to destroy undetonated 

phosphorous spotting charges on practice bombs (Colson 1991, personal communication). 
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TABLE 5.1. Summary of Contaminant of Concern Selection Criteria for 
Analyzed Constituents in Oscura Surface Soil Samples. 

PARAMETER SELECTED FOR RA JUSTIFICATION 

Explosives 

Semivolatile Or2anics 

2, 4-Dinitrotoluene 
N-Nitrosoldipenylamine 
Di-n-Butylthalate 
bis(2-Ethylhexyl)Phthalate 

Metals 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Justification: 

No 

Yes 
No 
No 
No 

Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 

A 

B 
c 
c 
c 

D 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
F 

A. All explosives compounds analyzed for were below detection limits. 

B. Besides laboratory contaminants, 2,4-DNT was the only TCL 
semivolatile organic compound found above detection limits. 

~C. Identified as a laboratory contaminant. Compound was detected in 
laboratory blank samples at similar concentrations. 

D. Seven of ten samples were at or above three times average background. 

1 E. All sample concentrations for this constituent were below three times 
average background. 

F. Two of ten samples exceeded three times average background. 
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Antimony was incorporated into the RA since 7 of 10 surface soil samples contained this 

constituent at or above three times average background concentrations. ~11 three background 

samples had antimony concentrations less than detection limits and thus, one-half the 

detection limit was used to calculate mean background values. Antimony is used in a variety 

of applications including use as a hardening agent in lead alloys and as an ingredient in 

pyrotechnics (Sax and Lewis 1987). ~Potential sources of antimony at the Oscura site include 

lead batteries and cable sheaths from various targets (non-serviceable vehicles, helicopters, 

etc.) stored at the site and illuminating flares or munitions with tracer rounds possibly 

destroyed at the site. These possible sources, however, could not be verified. 

Zinc was identified in two of 10 samples at concentrations of three times background 

concentrations or greater and was included in the RA. Both of these results occurred in 

surface sampling Quadrant 4. The suspected source of the zinc is galvanized metal or alloys 

from the various targets stored at the site or sample tool contamination from galvanized tubs 

used for decontamination. During the course of the investigation, a helicopter and at least 

one truck were temporarily stored and then removed from Quadrant 4. 

All other metals analyzed were not detected or were present at concentrations less than 

three times background. 

5.2.2 Red Rio 

In surface samples at Red Rio, no explosives were found above detection limits and the 

three semivolatile organic compounds detected were determined to be laboratory 

contaminants/ Thus, all explosive and semivolatile organic compounds were withdrawn from 

the RA. 
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Table 5.2 presents the criteria used to select the only contaminant of concern, cadmium, 

in the surface soils at Red Rio. Cadmium was detected above three times average 

background concentration in 2 of 10 surface soil samples. All three background samples had 

cadmium concentrations less than detection limits, thus the average background value was 

calculated based on one-half of reported detection limits. A possible source of cadmium, 

other than natural occurrence in geologic materials, may be its use in alloys disposed at the 

site. 

5.3 EXPOSURE ASSESSMENT 

An exposure assessment has been conducted for the contaminated surficial soil at the 

Red Rio and Oscura sites and is summarized on Table 5.3. The exposure assessment 

identifies the potentially exposed populations, describes potential exposure pathways, defines 

expected exposure scenarios, and calculates the chronic daily intake through exposure via 

I incidental ingestion of surface soil. 

5. 3.1 Site Receptors 

The Oscura and Red Rio Sites are remote, isolated sites. No residential areas exist 

within 10 mi or more of the site study. The closest military buildings are the Oscura range 

spotting tower and support buildings approximately 1 mi south of the Oscura site and the Red 

Canyon Range Camp about 5 mi east of the Red Rio site. The only potential receptors are 

those involved in site maintenance activities and patrol as well as trespassers and/or 

occasional permitted hunters who may visit the sites. These receptors are categorized below: 

• Maintenance (civilian/military personnel). 

• Recreationist (trespassers/hunters). 
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TABLE 5.2. Summary of Contaminant of Concern Selection Criteria for 
Analyzed Constituents in Red Rio Surface Soil Samples. 

PARAMETER SELECTED FOR RA JUSTIFICATION 

Explosives 

Semivolatile Or&anics 

N-Nitrosoldipenylamine 
Di-n-Butylphthalate 
bis(2-Ethylhexyl)Phthalate 

Metals 

Antimony 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 

Justification: 

No 

No 
No 
No 

No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 

A 

B 
B 
B 

c 
c 
c 
D 
c 
c 
c 
c 
c 
c 
c 
c 
c 

A. All explosives compounds analyzed for were below detection limits. 

B. Identified as a laboratory contaminant. Compound was detected in 
laboratory blank samples at similar concentrations. 

C. All sample concentrations for this constituent were less than three times 
average background. 

D. Two of 10 samples exceeded three times average background. 
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Table 5.3. Exposure Assessment Pathways 

Surveyed 
Media 

Surface 
Soil 

Scenario 
Potential 

Receptors ( 1) 

Incidental -(Maintenance 
Ingestion 

Recreationist 

Maintenance 

Inhalation -[ Recreationist 

{ 

Maintenance 
Dermal 

Absorbance 
Recreationist 

Probability (2) 

Maintenance personnel and recreationist 
have high probability for soil contact 

Inhalation of wind entrained particulate 
may occur during high wind events only 

Probability is low as potential receptors 
would have most skin area covered 

Frequency Comment 

Infrequent Incidental ingestion of soil would 
represent the most likely exposure route 
for current and future receptors 

Rare High wind events represent only a small 
fraction of overall exposure frequency 

Infrequent Dermal absorbance does not represent a 
significant exposure pathway as 
absorbance of metals is minimal and 
receptors likely to be onsite have most 
skin area covered 

1 (Receptors) Receptors may be exposed to the media. The Frequency is dependent on receptor activity. 
Maintenance personnel: 1 day/week 
Recreationist: Permitted hunters or trespassers may access the site 0.5 day/week 
The facility is a restricted area, remote from residential housing and development. Receptors who visit this area include maintenance 
(civilian/military personnel), and recreationist (trespassers/hunters). . 

2 (Probability) The likelihood of exposure that may lead to adverse health effects. 



5.3.2 Pathway Identification 

The site contaminants will only present a risk to potential receptors if there is a means 

of exposure or a pathway. An exposure pathway is comprised of a contaminant source (such 

as a chemical spill), a transport medium (such as surface soil), a potential for human contact, 

and a means for exposure. 
1
The Oscura and Red Rio sites are isolated and provide little 

opportunity for receptor exposure, however. 

The primary pathway for exposure by maintenance personnel and recreationist is contact 

with contaminated surface soil through incidental ingestion. This pathway represents a 

reasonable worst case exposure for the WSMR receptors. '2-- The inhalation scenario was not 

selected, as exposure to receptors would be limited to a small fraction of overall exposure 

frequency when winds are high. The dermal absorption pathway is not considered an 

important pathway because potential receptors would have most skin areas covered. <

1 
The 

subsurface soil contaminant exposure is considered an unlikely pathway for exposure for 

persons described previously. 

5. 3. 3 Exposure Scenarios 

The exposure scenarios have been modeled to quantify potential risk to -site receptors. 

Two slightly different scenarios were developed for maintenance personnel and recreationists: 

• The adult worker maintenance/military personnel: The adult worker is exposed for 

52 days a year for nine years. The adult worker activities include area patrol and 

maintenance activities such as the removal of old targets and debris. 

• The adult recreationist/trespasser scenario: The recreationist or trespasser is exposed 

for 26 days a year for nine years, 26 days represent a conservative, worst case 

scenario. 
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5. 3.4 ln~estion 

The exposure scenarios, assume that a certain amount of contaminated soil will be 

ingested as a result of maintenance or recreationist activities at the sites. The method and 

values for calculating the chronic daily intake (CDI) appears below: 

CDI (mg/kg-day) = CS x IR x CF x EF x ED 
BW xAT 

Where: 

CS - maximum Concentration in surface Soil (mg/kg) 
IR - Ingestion Rate - 100 mg/ day 
CF - Conversion Factor (10-6 kg/mg) 
EF = Exposure Frequency- 52 days/year (maintenance workers and military personnel) or 

26 days/year (recreationist) 
ED = Exposure Duration - 9 years 
BW = Body Weight- 70 kg (adult, average) 
AT = Average Time - pathway-specific period of exposure for noncarcinogenic effects is 

9 years (i.e., ED X 365 days/year), and 70 year lifetime for carcinogenic effects 
(i.e., 70 years X 365 days/year). 

To determine the potential hazard associated with soil exposure, this USEP A formula 

was selected (USEPA 1989). The formula is designed to quantify the CDI of the 

contamination so that a hazard index and slope factor analysis can be completed. 

Certain assumptions are made to calculate a CDI for a contaminant of concern. For 

example, the soil ingestion rate assumes that 100 mg/day of contaminated soil is ingested 

through normal hand-to-mouth contact. The exposure frequency and duration were estimates 

of the number of days of exposure for maintenance personnel and recreationist per year. 

Once a CDI is determined, the potential health risks of a contaminant of concern can be 

evaluated. 
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5.4 METHODS OF RISK CHARACTERIZATION 

The objective of this risk assessment is to determine the potential health hazards 

associated with exposure to surface soils. The carcinogenic and noncarcinogenic health risks 

associated with the contaminants of concern have been characterized using currently accepted 

exposure scenarios (USEPA 1989). These scenarios were selected to characterize the risks 

associated with exposure to surface soil through ingestion. Only chronic and subchronic 

exposure scenarios were considered because they would represent a reasonable scenario of 

exposure. 

5.5 NONCARCINOGENIC RISK CHARACTERIZATION 

A USEPA-developed hazard index (USEPA 1989) was used to characterize surface soil, 

in an effort to quantify the potential noncarcinogenic hazards associated with exposure to the 

site surface soil contaminants. This quantification utilizes the CDI and the chronic reference 

dose (RID) for a particular contaminant of concern. The RIDs and other information for the 

COC's at the Oscura and Red Rio sites can be found in Appendix G, Supplemental Risk 

Assessment Information. 

The RID is an estimate (with uncertainty spanning perhaps an order of magnitude or 

greater) of a daily exposure level for the human population, including sensitive 

subpopulations, that is likely to be without an appreciable risk of deleterious effects during a 

lifetime. Chronic RIDs are specifically developed to be protective for long-term exposure to 

a compound. 

The chronic hazard index or hazard quotient, is developed by dividing the CDI by the 

RID. The CDI was calculated using the maximum concentration of the COC found in the 

site media to represent a worst case scenario. A resultant hazard quotient of less than 1.00 

using this methodology indicates that the exposure does not present appreciable risk of 
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adverse noncarcinogenic effects to human receptors. The hazard quotient for each COC are 

then summed for additive effects as described below: 

Chronic Noncancer Hazard Index 
Chronic Additive Hazard Index (=CDI1/RID1 + CDI2/RID2 + ... CDii/RIDi) 

where: 

CDii = chronic daily intake for the ith toxicant in mg/kg/day, and 

RIDi = chronic reference dose for the ith toxicant in mg/kg/day. 

The summation of hazard quotients is used to prevent underestimation of the site risk 

due to potential compound synergism. This summation approach is carried out across the 

contaminants and exposure scenarios to quantify noncarcinogen site risk. 

5.6 CARCINOGENIC RISK CHARACIERIZA TION 

The COC was screened for potential carcinogenic effects using the IRIS data base and 

Health Effects Assessment Summary Tables (HEAST 1991). 

/Only those compounds which have been classified as possible human carcinogens (as 

defined in Table 5.5) and that have a slope factor with current IRIS or HEAST verification 

were included in the carcinogenic assessment. This conservative approach was used in an 

effort to reduce the level of uncertainty in the risk assessment. The verified carcinogenic 

COC was 2,4-dinitrotoluene and further information on this compound, including the slope 

factor, can be found in Appendix G, Supplemental Risk Assessment Information. 

The USEP A assessment methodology was used to assess the potential carcinogenic 

effects of the carcinogenic contaminants (USEPA 1986). The CDI was calculated using a 

maximum surveyed contaminant concentration found in the site media. This factor is 

multiplied by the slope factor (SF). The resultant sum yields a specific "risk" factor or the 
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TABLE 5.5 Carcinogenic Weight of Evidence Classification.* 

The USEPA classifies substances according to their potential to promote cancer. The five 
classification categories are described below: 

Group A-

Group B-

Group C-

Group D-

Human Carcinogen (sufficient evidence of carcinogenicity in 
humans). 

Probable Human Carcinogen (Bl -limited evidence of 
carcinogenicity in humans; B2 - Sufficient evidence of 
carcinogenicity in animals with inadequate or lack of 
evidence in humans. 

Possible Human Carcinogen (limited evidence of 
carcinogenicity in animals and inadequate or lack of human 
data). 

Not classifiable as to Human Carcinogenicity (inadequate or 
no evidence). 

Group E - Evidence of Non-carcinogenicity for Human (no evidence of 
carcinogenicity in adequate studies). 

* Risk Assessment Guidance for Suveifund Volume I Human Health Evaluation Manual 
(OWSER Directive 9285.7-lOA) 
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"probability of developing cancer". The specific risk factors are summed across compounds 

and exposure scenarios. The summation of specific risk factors aids in preventing 

underestimation of site-specific risks. 

5. 7 RISK CHARACTERIZATION 

The WSMR risk assessment analyzed the risks associated with human exposure to 

surface soils. The results of the risk characterization appear below. 

5. 7.1 Oscura Site 

The potential health risk for antimony and zinc proved to be negligible. A hazard 
cc 

quotient (HQ) that reaches a value greater than one (1) may 'ffect human health. The HQ 

for surface soil exposure for maintenance workers and military personnel was 0.01. The HQ 

for recreationist was 0.00 (Table 5.6). 

The potential carcinogenic associated risk with incidental ingestion of 2,4-DNT in 

surface soil for maintenance and military personnel does not exceed the EPA recommended 

risk range of (1 x 1<t4 to 1 x 1Q-6) (Table 5-7). The potential risk associated with ingestion 

of 2,4-DNT in surface soil for recreationist was less than that for maintenance personnel. 

5.7.2 Red Rio Site 

No carcinogens were identified as COCs at the Red Rio site. The potential 

noncarcinogenic risk for cadmium proved to be insignificant, in that the HQ for surface soil 

exposure for both maintenance workers and military personnel was 0.00, and the HQ for 

recreationist was also 0.00 (Table 5.8). 
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IABLE 5.~. Noncarcinogenic Characterization of Risks for Oscura Surface Soils 

MAXIMUM 
RECEPTOR SUBSTANCE SURVEYED COl RID HQ 

CONCENTRATION (mglkg/day) (mglkg/day) 
mg/kg 

Maintenance Antimony 15.29 3.1 X 10-6 4.0 x w-4 0.01 
Zinc 412.12 8.4 x w-5 2.0 x w-2 0.00 

Total HQ 0.01 

Recreationist Antimony 15.29 1.6 X 1Q-6 4.0 X 10-4 0.00 
Zinc 412.12 4.2 X 10·5 2.0 X 10"2 0.00 

Total HQ 0.00 

RID- The toxic value for evaluating non carcinogenic effects (IRIS 1991) 

Hazard Quotient (HQ) - A numerical indicator that stipulates whether a COC presents an applicable 
risk of deleterious effects where HQ = COl/RID 
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TABLE 5,7. Carcinogenic Characterization of Risk for Oscura Surface Soils. 

MAXIMUM 
RECEPTOR SUBSTANCE SURVEYED COl SPECIFIC 

CONCENTRATION (mglkg/day) RISK 
mg/kg 

Maintenance 2,4-Dinitrotoluene 1.2 3.1 x w-s 2 X 1()-8 

Recreationist 2,4-Dinitrotoluene 1.2 1.6 X 1()-8 1 X 1()-8 

Specific Risk = COl x Slope Factor (SF) 

SF converts estimated daily intakes averaged over a lifetime of exposure to incremental risk of 
an individual developing cancer 

2,4-DNT (SF) = 6.8 X 10"1 (HEAST 1991) 
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TABLE 5.8. Noncarcenogenic Characterization of Risks for Red Rio Surface Soils. 

RECEPTOR 

Maintenance/Military 

Recreationist 

MAXIMUM SURVEYED 
CADMIUM CONCENTRATION 

mg/kg 

1.22 

1.22 

COl 
(mg/kg/day) 

2.5 X 10"7 

1.25 X 10"7 

RID The toxicity value for evaluating noncarcinogenic effects (IRIS 09/91) 

RID 
(mg/kg/day) 

1.0 X 10"3 

1.0 X 10"3 

Hazard Quotient (HQ) A numerical indicator that stipulates whether a chemical of 
concern presents an appreciable risk of deleterious effects. 

5.8 LEVEL OF UNCERTAINTY 

HQ 

0.00 

0.00 

The performance of a risk assessment is based on several assumptions including: 

• Sufficient data was collected to accurately represent site conditions. 

• Current toxicological data used to identify and estimate the risk associated with 
exposure to low doses of contaminants are valid. 

• Modeled receptor exposure scenarios adequately predict potential exposures. 

These assumptions and inherent uncertainties are common to all risk assessments and 

may affect the estimation of risk either by underestimating or overestimating the risk 

associated with a site. To compensate for the uncertainties and the potential for 

underestimating the risk, only the most conservative concentration factors (i.e. maximum 

concentrations) were used to assess the risk. 

5.9 RISK ASSESSMENT CONCLUSIONS 

This risk assessment (RA) addressed the area of human health exposure from ingestion 

of chemicals in surface soil at the Red Rio and Oscura practice bomb disposal sites located in 

WSMR. 
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The objective of the RA for Red Rio and Oscura was to characterize the potential risk 

associated with ingestion of chemicals in 1 surface soil by maintenance workers, military 

personnel and recreationists (hunters and trespassers). 

The maximum concentrations at the site were used to determine the potential 

noncarcinogenic and carcinogenic risk. ;?--The COCs were selected on the criteria that the site 

sample concentrations exceeded three times the average background concentrations. The 

results of this RA are described below: 

Non-Carcino~enic Risk 

A hazard quotient (HQ) is used to determine the potential risk from exposure to 

contaminants. A hazard quotient which meets or exceeds a value of 1.0 may represent risk 

from exposure. The hazard quotient for maintenance workers, military personnel, and 

recreationist did not exceed 1.0 for either the Oscura or Red Rio sites. 
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Carcino&enic Risk 

The EPA has identified a range of acceptable risk to carcinogenic substances of 1 x 104 

to 1 x 1Q-6. The estimated risk for carcinogenic effects to maintenance workers, military 

personnel, and recreationist did not exceed this estimated risk range at either site. 
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6.0 SUMMARY OF FINDINGS 

The sources and areas of environmental contamination at the Oscura and Red Rio 

practice bomb disposal areas have been defined. These definitions are based on disposal 

practice evaluation, anticipated and encountered waste types, findings from a previous study, 

and results of this site evaluation. 

6.1 DISCUSSION 

Information on waste types present at the Oscura and Red Rio sites was obtained 

through interviews with U.S. Army, U.S. Air Force, and civilian personnel familiar with site 

operations, review of WSMR files, and direct observation in the field. All evidence 

indicates that wastes consist of the burned or detonated practice bombs, scrap metal from 

vehicles and aircraft used as targets, and spent casings and projectiles (bullets) from small 

arms ammunition. These wastes are composed almost exclusively of metals and metal 

alloys, plastic, and concrete. No evidence exists that hazardous wastes are present in 

significant quantities at either site, as described below. 

Locations of buried metallic wastes were determined by geophysical methods. A single 

burial area was identified at the Red Rio site containing a volume of approximately 5700 yds3 

which encompass buried wastes. Multiple burial areas at the Oscura site contain a volume of 

approximately 16,300 yds3 which encompass buried wastes. An additional burial area at the 

Oscura site is interpreted to contain construction debris and/or buried wastes buried at a 

greater depth and has an approximate volume of 4300 ydsl. 

Surface soil samples collected at both sites demonstrate the presence of several metals at 

concentrations slightly elevated above background. Additionally, one surface soil sample out 

of 13 collected at the Oscura site contained an organic contaminant, 2,4-DNT, at 

1200 J.tg/kg. Metals detected in surface soil samples with concentrations two times 
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background levels or higher were antimony, cadmium, and zinc at the Oscura site and 

antimony, barium, lead, and selenium at the Red Rio site. Bits of scrap metal from 

detonation and handling of wastes are scattered around the surface of both sites and probably 

account for some of these elevated metals concentrations. In nearly all cases, surface soil 

metals concentrations fall within typical metals concentrations for soils of the western United 

States. 

A risk assessment was conducted to evaluate potential human health threats posed by the 

elevated metals and the single occurrence of 2,4-DNT in surface soils. All exposure 

scenarios evaluated revealed no significant risks associated with surface soil contaminants at 

either site. 

Forty-five subsurface soil samples were collected at the Oscura site and 21 at the 

Red Rio site. Several metals were detected at concentrations exceeding two times 

background levels at each site. Concentrations of these metals were typically only slightly 

elevated and can be attributed to soil variability and instrument sensitivity at or near 

detection levels. Copper, chromium, and zinc were present at significantly elevated levels in 

a single subsurface sample from the Red Rio site. ( However, this was a biased sample 

containing buried wastes including fragments of metallic waste encountered during an 

excavation. l 

The site evaluation failed to demonstrate substantial quantities of any hazardous 

constituents at the Oscura site. As described in Section 2.1.3, groundwater at the Oscura site 

is non-potable and occurs at a depth of about 200 ft below the surface. Berms around the 

site divert any surface water flow away from the buried wastes. Precipitation rates are low 

and evaporation rates are high. Had hazardous wastes been identified at the site it is unlikely 

that they would have any potential for impacting surface or groundwater quality. 
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Similarly, no evidence exists that hazardous wastes were disposed of at the Red Rio site. 

Depth to groundwater at this site is unknown although the nearest well, an abandoned stock 

watering well located 1.5 miles west, has a reported depth to water of 315 ft. Water from 

this well is described as potable. No domestic or other use of groundwater is known to exist 

or is anticipated within 5 mi of the site. Precipitation is low and evaporation relatively high 

at this site. Some limited surface water flow may enter the site during heavy precipitation 

events or snow melt. Low metals concentrations and lack of organic contaminants in surface 

soils minimize the potential for surface water impacts. Groundwater impacts are also 

considered unlikely given the low metals concentrations in subsurface soils, arid climate, and 

the inferred great depth to water. 

6.2 CONCLUSIONS AND RECOMMENDATIONS 

As documented in this site evaluation report there is no evidence that listed or 

characteristic hazardous wastes are present above trace levels at either the Oscura or Red Rio 

sites. 
1 

Furthermore, it has been demonstrated that metallic wastes and trace surface soil 

contamination by 2,4-DNT (Oscura site only) present no significant or unacceptable human 

health risk. Based on these findings, it is concluded that no further closure activities are 

required under RCRA Subtitle C at either site. Formal RCRA closure plans for each site are 

presented in Section 7.0. 

In keeping with RCRA Subtitle D and New Mexico Solid Waste Management 

Regulations in effect when disposal operations ceased at the sites the following 

recommendations are made: 

• Divert surface drainage away from buried wastes through the construction of berms, 
diversion channels, or other means. 

• Determine the thickness of cover material above wastes at both sites and provide 
additional cover to maintain a depth of burial of at least 2 ft. 

WS#6/6 6.3 



• Cover materials should be graded to facilitate runoff without puddling or erosion. 

• Place signs at the perimeter of each site indicating waste burial areas. 

• Conduct periodic inspections of each site to ensure the integrity of cover materials 
and maintain drainage diversions. 
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7.0 CLOSURE PLANS 

7.1 CLOSURE PLAN FOR THE OSCURA PRACTICE BOMB DISPOSAL AREA 

7 .1.1 Introduction 

The Oscura Practice Bomb Disposal Site is located in the northeast portion of White 

Sands Missile Range (WSMR), south central New Mexico. The site is located in a remote 

area of the facility adjacent to a practice bombing and gunnery range. The Oscura disposal 

site was used from about 1960 until 1988 for open burning and detonation of practice bombs 

and small arms ammunition. Scrap metal and other residual waste materials were then 

buried in a series of trenches at the site. 

In April 1988, WSMR submitted a Resource Conservation and _Recovery Act (RCRA) 

Part A permit application to the State of New Mexico. The Oscura site was identified on 

this permit application for interim status. The RCRA regulations, as adopted by the State of 

New Mexico require the preparation of a closure plan describing how this unit will be closed 

(NM HWMR-6, Part V, 40 CFR Part 265, Subpart G). This closure plan has been written 

to fulfill these requirements. 

Prior to development of this closure plan, a detailed site investigation was conducted to 

collect data regarding possible hazardous wastes or environmental contamination on site. 

The site investigation consisted of background data collection and evaluation, topographic 

and geophysical surveys, and comprehensive surface and subsurface soil sampling. The 

methods and results of the site investigation are discussed in detail in the preceding Site 

Evaluation Report and are summarized in this closure plan. The conclusion of the Site 

Evaluation Report is that no hazardous wastes and only minimal residual contamination are 

present onsite. Low level residual organic compound contamination was detected in 1 of the 
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69 samples collected. Elevated metals detected in surface and subsurface soil samples were 

close to background concentrations except in instances where biased grab samples contained 

metallic waste fragments. 

Based on information summarized above, it is concluded that this site meets the 

requirements of clean closure (closure by removal or decontamination) referenced in 

40 CPR, Part 270.1. Although the conclusions and recommendations section of the Site 

Evaluation Report contains recommendations for additional site closure activities under 

RCRA SubtitleD, no further closure is necessary under RCRA Subtitle C. This closure plan 

requests a determination, on the part of the New Mexico Environment Department (NMED), 

that standards for closure by removal or decontamination have been met. 

7 .1. 2 Site Description and History 

The Oscura site is located near longitude 106°13'; latitude 33°32', in Lincoln County, 

New Mexico at an elevation of about 4, 700 ft. The site occupies an area of about 10 ac. 

The local topography is relatively flat and slopes gently to the south-southeast toward the 

center of the Tularosa Basin. Climate is typical of the desert southwest with an annual 

precipitation of 7 to 13 in. 

The Oscura site lies about 3 to 4 mi southeast of the Oscura Mountains on alluvial fan 

deposits derived from this range. The total thickness of the alluvial deposits at the site is 

unknown, but may be several thousand feet. Ground water beneath the site probably occurs 

under unconfined conditions. The depth to water is not precisely known but is approximately 

200 ft. A well used as a fire protection water supply at the Oscura Range Center, 

approximately four miles to the southeast, confirms poor ground-water quality in the area 

due to high concentrations of sulfate and total dissolved solids. 
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Surface water is present only intermittently near the Oscura site, resulting from intense 

local rainfall and/or rapidly melting snow. An abandoned stock pond located just southwest 

of the site contains water periodically during the year. Vegetation is sparse due to the low 

precipitation, high evaporation rate, and high salt content of soils near the Oscura site. 

Prior to federal government control in 1945, the site was used as range land for grazing 

cattle. From 1945 to 1960 the Oscura site was unused. Since 1960 the Oscura site has been 

used for burning, detonation and burial of live practice bombs and scrap metal, and for 

storage of bombing targets (primarily decommissioned military vehicles). Burning, 

detonation, and burial of waste materials ceased in 1988. The Army has no current or 

planned uses for the site other than temporary storage of used bombing targets. 

7.1.3 Waste Description and Investigation Results 

Open burning, detonation, and burial of wastes at the Oscura site utilized elongate 

trenches approximately 50 to 100ft long, 15 to 30ft wide, and 10 to 15 ft deep. Practice 

bombs with undetonated spotting charges and small arms ammunition were placed in the 

trenches and detonated or burned to ensure destruction of reactive materials. Burned debris 

as well as other wastes collected on the bombing range (i.e. scrap metal) were then covered 

with approximately 4 in. of fill. Disposal operations were conducted in a progressive 

manner of layering until each pit was filled. 

The areal extent of wastes at the Oscura site was determined using geophysical methods. 

Based on these determinations and an assumed waste burial thickness of 8 ft, a maximum 

waste volume was calculated. The calculated volume containing wastes (and interlayered fill) 

is approximately 16,294 cu yds. 

( 

Site investigations included compre~~nsive surface and subsurface soil sampling. 

Surface soil samples were collected over an area encompassing all buried waste!. Subsurface 

soil samples were collected during excavation of 13 trenches adjacent to buried wastes. 
~----
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Trenches were excavated to a depth of 15 ft. In several instances trenches were excavated 

into buried wastes and samples collected of the combined soil and waste material. All 

samples were analyzed for possible hazardous waste constituents including explosives, 

semivolatile organic compounds, and heavy metals. 

Residual contamination detected in surface and subsurface soil samples was minimal. 

The only organic hazardous waste constituent identified was 1.2 mg/kg of 2,4-dinitrotoluene 

in a single surface soil sample. A few metals were detected in surface and subsurface 

samples at concentrations elevated slightly above background. Most of these can likely be 

attributed to scrap metal fragments in samples. Nearly all metals concentrations were within 

a typical range for western U.S. soils. 

7.1.4 Closure Plan 

This closure plan for the Oscura Practice Bomb Disposal Area was prepared in 

accordance with the NMED requirements set forth in the NM Hazardous Waste Management 

Regulations (HWMR-6), Part VI, 40 CFR Part 265, Subpart G. Any amendment to this 

closure plan will be made in compliance with the requirements of 40 CFR Part 265.112(c). 

I The effective date of this closure plan will be the date of receipt of approval from NMED. 

7 .1.5 Closure Certification 

Upon receipt of notification from the NMED that a clean closure equivalency 

determination has been made, the Oscura Practice Bomb Disposal Area will be considered to 

have completed final closure. Within 60 days of this date, WSMR will submit two 

certifications, one signed by the Commanding General of White Sands Missile Range and the 

other signed by an independent qualified registered professional engineer, each attesting that 

the Oscura Practice Bomb Disposal Area has been closed in accordance with this closure 

plan. Certification of closure will be as required in 40 CFR Part 270.11(d). 
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7 .1. 6 Partial Closure 

Partial closure is not planned for the Oscura Practice Bomb Disposal Area. 

7 .1. 7 Financial Assurance Requirements 

Financial assurance requirements of 40 CFR Part 265.143 for closure and of 40 CFR 

Part 265.145 for post-closure care are not applicable to federally-owned facilities. 

7. 1. 8 Closure Performance Standard 

This closure complies with the performance standards set forth in 40 CFR Part 265, 

Subpart G. 

7 .1. 9 Anticipated Life of the Facility 

Upon receipt of notification from NMED that a clean closure equivalency determination 

has been made (as provided for in 40 CFR Part 270.1(c)(5)), the Oscura Practice Bomb 

Disposal Area will be considered to have completed final closure. Any additional closure 

activities at the site will be conducted under RCRA Subtitle D and the New Mexico Solid 

Waste Management Regulations and will not be subject to the terms of this closure plan. 

7 .1.10 Waste Inventocy 

Historical information for the Oscura site indicates that no hazardous wastes were 

disposed on site. Review of site records and interviews with individuals knowledgeable of 

site history confirm that the site was used for open burning and open detonation of practice 

bombs and small arms ammunition. Prior to burning or detonation, some of these materials 

may have been characteristic hazardous wastes due to reactivity. During burning and 
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detonation these wastes were converted to inert, non-hazardous materials. The areal extent 

of wastes at the Oscura site was determined using geophysical methods. Based on the 

determinations and an assumed waste burial thickness of 8 ft, maximum waste volume was 

calculated. The calculated volume containing wastes (and interlayered fill) is approximately 

20,561 cu yds. 

7 .1.11 Post-Closure Care Requirements 

Site investigations described in the preceding site evaluation report demonstrated the 

absence of hazardous wastes at the Oscura Practice Bomb Disposal Area. Therefore, post

closure care requirements of 40 CPR Parts 265.117 through 264.120 are not applicable to 

this unit. 

7 .1.12 Closure 

The interim status closure and post-closure regulations require that the owner or 

operator close a facility in a manner that "controls, minimizes or eliminates, to the extent 

necessary to protect human health and the environment, post-closure escape of hazardous 

waste, hazardous waste constituents, leachate, contaminated rainfall or waste decomposition 

products to the ground or surface waters or the atmosphere" ( 40 CPR 265.111). The cited 

requirements have been accomplished at the Oscura site. 

Extensive sampling of surface soils, subsurface soils, and waste materials at the Oscura 

Practice Bomb Disposal Area have confirmed the absence of hazardous waste constituents at 

concentrations which present a significant health risk. Based on these sampling results no 

removal or decontamination of soils or waste materials is needed to meet the criteria for 

clean closure. The results of surface and subsurface sampling are discussed in detail in 

Sections 3.2.2 and 3.2.3 of the Site Evaluation Report, respectively. 1 A risk assessment 

based on sampling results is presented in Section 5 of the Site Evaluation Report. 
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Ground-water monitoring is not necessary at the Oscura site for several reasons. 

' Sample results for surface and subsurface soils as well as waste samples demonstrate minimal 

residual contamination by hazardous waste constituents. Annual precipitation is relatively 
Z-

low (7 to 13 in.) and because no liquid wastes were disposed, there is little hydraulic head 

driving contaminants to ground water. 3 Further, ground water is known to be of poor quality 

and at a significant depth (approximately 200ft). Other than development as a nonpotable 

water supply, no ground-water uses are known to exist within 10 mi of the site. Ground

water conditions at the Oscura site are discussed in more detail in Section 2.1.3 of the Site 

Evaluation Report. 

Surface water run-on and run-off control is not required under RCRA for sites where 

clean closure criteria are met. Section 6.2 of the Site Evaluation Report contains 

recommendations for run-on and run-off control. These recommendations are made to 

ensure that site closure is consistent with intent of RCRA Subtitle D and the New Mexico 

Solid Waste Management Requirements in place at the time disposal operations ceased. 

7 .1.13 Dispute Resolution 

The parties shall use their best efforts to informally and in good faith resolve all disputes 

or differences of opinion. If, however, disputes arise concerning the 
1
approved closure plan 

which the parties are unable to resolve informally, including but not limited to, disputes over 

implementation of workplans, approval of documents, scheduling of any work, selection, 

performance, or completion of any closure actions, or any other obligation assumed 

hereunder, WSMR shall present a written notice of such dispute and the basis for the 

objections to NMED within ten business days of the receipt of the disapproval, decision, or 

directive. The notice shall set forth the specific points of the dispute, the position WSMR 

maintains should be adopted as consistent with closure requirements, the basis therefore, and 

any matters which it considers necessary for the NMED's proper determination. NMED shall 

provide to WSMR a written statement of its decision on the pending dispute, which shall be 
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incorporated into the final closure plan unless WSMR requests an opportunity for a 

conference in accordance with the following paragraph. The existence of a dispute as 

defined herein, and the consideration of such matters which are placed into dispute shall not 

excuse, toll, or otherwise suspend any compliance obligation or deadline while the dispute 

resolution process is pending. 

If WSMR objects to any NMED determination regarding any requirement by NMED 

that WSMR perform work, WSMR shall, within ten days of its receipt of NMED's decision 

pursuant to the previous paragraph, notify NMED in writing of its objections, and may 

request that the Division Director convene an informal conference. The Director shall state 

in writing the final decision regarding the resolution of the dispute and shall be implemented 

immediately by WSMR according to the schedule contained therein. 

7 .1.14 Request for an EQ:uivalency Determination 

Based on information provided in this closure plan and in the preceding Site Evaluation 

Report, White Sands Missile Range requests a determination from the New Mexico 

Environment Department under 40 CFR Part 270.l(c)(5) that a post-closure permit is not 

required for the Oscura Practice Bomb Disposal Area. The date of receipt of notification of 

this determination will be considered to be the date of completion of closure for the site. 

WS#6/6 7.8 



7.2 CLOSURE PLAN FOR THE RED RIO PRACTICE BOMB DISPOSAL AREA 

7. 2. 1 Introduction 

The Red Rio Practice Bomb Disposal Site is located in the northeast portion of White 

Sands Missile Range (WSMR), south central New Mexico. The site is located in a remote 

area of the facility adjacent to a practice bombing and gunnery range. The Red Rio disposal 

site was used from about 1963 until 1988 for open burning and detonation of practice bombs 

and small arms ammunition. Scrap metal and other residual waste materials were then 

buried in a series of trenches at the site. 

In April 1988, WSMR submitted a Resource Conservation and Recovery Act (RCRA) 

Part A permit application to the State of New Mexico. The Red Rio site was identified on 

this permit application for interim status. The RCRA regulations, as adopted by the State of 

New Mexico require the preparation of a closure plan describing how this unit will be closed 

(NM HWMR-6, Part VI, 40 CFR Part 265, Subpart G). This closure plan has been written 

to fulfill these requirements. 

Prior to development of this closure plan, a detailed site investigation was conducted to 

collect data regarding possible hazardous wastes or environmental contamination on site. 

The site investigation consisted of background data collection and evaluation, topographic 
-7 

and geophysical surveys, and comprehensive surface and suJ>surface soil sampling. The 
- ------ -- ---- '·--·---~ --. 

methods and results of the site investigation are discussed in detail in the preceding Site 

Evaluation Report and are summarized in this closure plan. The conclusion of the Site 

Evaluation Report is that no hazardous wastes and only minimal residual contamination are 

present onsite. Elevated metals detected in surface and subsurface soil samples were close to 

background concentrations except in instances where biased grab samples contained metallic 

waste fragments. 
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Based on information summarized above it is concluded that this Site meets the 

requirements of clean closure (closure by removal or decontamination) referenced in 

40 CPR, Part 270.1. Although the conclusions and recommendations section of the site 

Evaluation Report contains recommendations for additional site closure activities under 

RCRA SubtitleD, no further closure is necessary under RCRA Subtitle C. This closure plan 

requests a determination, on the part of the New Mexico Environment Department (NMED), 

that standards for closure by removal or decontamination have been met. 

7.2.2 Site Description and History 

The Red Rio site is located near longitude 106 o 15'; latitude 33 o 45', in Socorro County, 

New Mexico at an elevation of about 6,300 ft. The site occupies an area of about 1.5 ac. 

The local topography consists of hills and valleys with up to 800 ft of relief. Site drainage is 

to the southwest, eventually draining to the Tularosa Basin. Climate is typical of the desert 

southwest with an mean annual precipitation of about 14 in. 

The Red Rio site is located about 7 mi east of the Oscura Mountains in an area of 

eroded Permian Bedrock and discontinuous, thin, unconsolidated deposits. Permian bedrock 

units consist of sandstones, siltstones, limestones, and gypsum, and dip gently eastward. The 

Red Rio disposal site lies in a small valley eroded into siltstones of the Yeso Formation. 

Alluvium is present as a thin fill in the valley and is probably less than 50 ft thick. Ground 

water may be present in this alluvium or, more likely, in the bedrock below it. Depth to 

water in an abandoned stock well located approximately 1.5 mi to the west is about 315 ft. 

Water from this well is considered potable. 

There are no surface water bodies located near the Red Rio site. Surface water exists 

only as overland flow during intense local rainfall and/or rapid snowmelt. There is an 

arroyo several hundred yards to the north but the flow in it is largely dispersed and 

infiltrated before reaching the site. A man-made channel about 2 ft wide diverts some of the 
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remaining surface flow toward the disposal area. Vegetation near the Red Rio site consists 

primarily of grasses and juniper. Plants adapted to drier conditions such as creosote bush, 

and prickly pear and cholla cactus are also present. 

Prior to federal government control in 1945, the site was used as range land for grazing 

cattle. From 1945 to 1963 the Red Rio site was unused. Since 1963 the Red Rio site has 

been used for burning, detonation and burial of live practice bombs and scrap metal. 

Burning, detonation, and burial of waste materials ceased in 1988. The Army has no current 

or planned uses for the site. 

7.2.3 Waste Description and lnvestieation Results 

Open burning, detonation, and burial of wastes at the Red Rio site utilized a single 

elongate trench approximately 550ft long, 80ft wide, and 10 to 15 ft deep. Practice bombs 

with undetonated spotting charges and small arms ammunition were placed in the trench and 

detonated or burned to ensure destruction of reactive materials. Burned debris as well as 

other wastes collected on the bombing range (i.e. scrap metal) were then covered with 

approximately 4 in. of fill. Disposal operations were conducted in a progressive manner of 

layering. 

The areal extent of wastes at the Red Rio site was confirmed using geophysical methods. 

Based on these determinations and an assumed waste burial thickness of 8 ft, maximum 

waste volume was calculated. The calculated volume containing wastes (and interlayered fill) 

is approximately 5,748 cu yds. 

Site investigations included comprehensive surface and subsurface soil sampling. 

Surface soil samples were collected over an area encompassing all buried wastes. Subsurface 

soil samples were collected during excavation of 6 trenches adjacent to buried wastes. 
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Trenches were excavated to a depth of 15 ft. In several instances trenches were excavated 

into buried wastes and samples collected of the combined soil and waste material. All 

samples were analyzed for possible hazardous waste constituents including explosives, 

semivolatile organic compounds, and heavy metals. 

Residual contamination detected in surface and subsurface soil samples was minimal. 

No organic contaminants were detected in surface and subsurface soil samples. A few metals 

were detected in surface and subsurface samples at concentrations elevated slightly above 

background. Most of these can likely be attributed to scrap metal fragments in samples. 

Nearly all metals concentrations were within a typical range for western U.S. soils. 

7.2.4 Closure Plan 

This closure plan for the Red Rio Practice Bomb Disposal Area was prepared in 

accordance with the NMED requirements set forth in the NM Hazardous Waste Management 

Regulations (HWMR-6), Part VI, 40 CFR Part 265, Subpart G. Any amendment to this 

closure plan will be made in compliance with the requirements of 40 CFR Part 265.112(c). 

The effective date of this closure plan will be the date of receipt of approval from NMED. 

7.2.5 Closure Certification 

Upon receipt of notification from the NMED that a clean closure equivalency 

determination has been made, the Red Rio Practice Bomb Disposal Area will be considered 

to have completed final closure. Within 60 days of this date, WSMR will submit two 

certifications, one signed by the Commanding General of White Sands Missile Range and the 

other signed by an independent qualified registered professional engineer, each attesting that 

the Red Rio Practice Bomb Disposal Area has been closed in accordance with this closure 

plan. Certification of closure will be as required in 40 CFR Part 270.1l(d). 
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7. 2. 6 Partial Closure 

Partial closure is not planned for the Red Rio Practice Bomb Disposal Area. 

7.2. 7 Financial Assurance Requirements 

Financial assurance requirements of 40 CFR Part 265.143 for closure and of 40 CFR 

Part 265.145 for post-closure care are not applicable to federally-owned facilities. 

7.2.8 Closure Performance Standard 

This closure complies with the performance standards set forth in 40 CFR Part 265, 

Subpart G. 

7.2.9 Anticipated Life of the Facility 

Upon receipt of notification from NMED that a clean closure equivalency determination 

has been made (as provided for in 40 CFR Part 270.1(c)(5)), the Red Rio Practice Bomb 

Disposal Area will be considered to have completed final closure. Any additional closure 

activities at the site will be conducted under RCRA Subtitle D and the New Mexico Solid 

Waste Management Regulations and will not be subject to the terms of this closure plan. 

7.2.10 Waste Inventory 

Historical information for the Red Rio site indicates that no hazardous wastes were 

disposed on site. Review of site records and interviews with individuals knowledgeable of 

site history confirm that the site was used for open burning and open detonation of practice 

bombs and small arms ammunition. Prior to burning or detonation, some of these materials 
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may have been characteristic hazardous wastes due to reactivity. During burning and 

detonation these wastes were converted to inert, non-hazardous materials. The areal extent 

of wastes at the Red Rio site was determined using geophysical methods. Based on the 

determinations and an assumed waste burial thickness of 8 ft, maximum waste volume was 

calculated. The calculated volume containing wastes (and interlayered fill) is approximately 

5,748 cu yds. 

7.2.11 Post-Closure Care Requirements 

Site investigations described in the preceding site evaluation report demonstrated the 

absence of hazardous wastes at the Red Rio Practice Bomb Disposal Area. Therefore, post

closure care requirements of 40 CFR Parts 265.117 through 264.120 are not applicable to 

this unit. 

7.2.12 Closure 

The interim status closure and post-closure regulations require that the owner or 

operator close a facility in a manner that "controls, minimizes or eliminates, to the extent 

necessary to protect human health and the environment, post-closure escape of hazardous 

waste, hazardous waste constituents, leachate, contaminated rainfall or waste decomposition 

products to the ground or surface waters or the atmosphere" ( 40 CFR 265.111). The cited 

requirements have been accomplished at the Red Rio site. 

Extensive sampling of surface soils, subsurface soils, and waste materials at the Red Rio 

Practice Bomb Disposal Area have confirmed the absence of hazardous waste constituents at 

concentrations which present a significant health risk. Based on these sampling results no 

removal or decontamination of soils or waste materials is needed to meet the criteria for 

clean closure. The results of surface and subsurface sampling are discussed in detail in 

Sections 3.2.2 and 3.2.3 of the site evaluation report, respectively. A risk assessment based 

on sampling results is presented in Section 5 of the Site Evaluation Report. 
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Ground-water monitoring is not necessary at the Red Rio site for several reasons. 

Sample results for surface and subsurface soils as well as waste samples demonstrate minimal 

contamination by hazardous waste constituents. Annual precipitation is relatively low 

(approximately 14 in.) and because no liquid wastes were disposed, there is little hydraulic 

head driving contaminants to ground water. Further, current information indicates that 

ground water is present only at a significant depth (approximately 300ft). Finally, no 

ground-water uses are known to exist within 5 mi of the site. Ground-water conditions at the 

Red Rio site are discussed in more detail in Section 2.1.3 of the Site Evaluation Report. 

Surface water run-on and run-off control is not required under RCRA for sites where 

clean closure criteria are met. Section 6.2 of the Site Evaluation Report contains 

recommendations for run-on and run-off control. These recommendations are made to 

ensure that site closure is consistent with intent of RCRA Subtitle D and the New Mexico 

Solid Waste Management Requirements in place at the time disposal operations ceased. 

7.2.13 Dis_pute Resolution 

The parties shall use their best efforts to informally and in good faith resolve all disputes 

or differences of opinion. If, however, disputes arise concerning the approved closure plan 

which the parties are unable to resolve informally, including but not limited to, disputes over 

implementation of workplans, approval of documents, scheduling of any work, selection, 

performance, or completion of any closure actions, or any other obligation assumed 

hereunder, WSMR shall present a written notice of such dispute and the basis for the 

objections to NMED within ten business days of the receipt of the disapproval, decision, or 

directive. The notice shall set forth the specific points of the dispute, the position WSMR 

maintains should be adopted as consistent with closure requirements, the basis therefore, and 

any matters which it considers necessary for the NMED's proper determination. NMED shall 

provide to WSMR a written statement of its decision on the pending dispute, which shall be 
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incorporated into the final closure plan unless WSMR requests an opportunity for a 

conference in accordance with the following paragraph. The existence of a dispute as 

defined herein, and the consideration of such matters which are placed into dispute shall not 

excuse, toll, or otherwise suspend any compliance obligation or deadline while the dispute 

resolution process is pending. 

If WSMR objects to any NMED determination regarding any requirement by NMED 

that WSMR perform work, WSMR shall, within ten days of its receipt of NMED's decision 

pursuant to the previous paragraph, notify NMED in writing of its objections, and may 

request that the Division Director convene an informal conference. The Director shall state 

in writing the final decision regarding the resolution of the dispute and shall be implemented 

immediately by WSMR according to the schedule contained therein. 

7.2.14 Request for an Equivalency Determination 

Based on information provided in this closure plan and in the preceding Site Evaluation 

Report, White Sands Missile Range requests a determination from the New Mexico 

Environment Department under 40 CFR Part 270.1(c)(5) that a post-closure permit is not 

required for the Red Rio Practice Bomb Disposal Area. The date of receipt of notification of 

this determination will be considered to be the date of completion of closure for the site. 
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1.0 INTRODUCTION 

This report contains the results of a geophysical survey 
conducted at the Oscura Practice Bomb Disposal Site at White 
Sands Missile Range. This survey was performed by Blackhawk 
Geosciences, Inc. (BGI) for COM Federal Programs Corporation 
(CDMFPC) on March 26-28 and April 3, 1991. 

The objective of the survey was to delineate the location of 
disposal trenches once used for open burning, detonation, and 
burial of practice bombs, small arms ammunition, and other wastes 
generated on bombing and gunnery ranges located adjacent to the 
site. A site map showing cultural features and survey coverage 
is shown on Figure 1-1. 

Two geophysical methods were utilized. These methods were: 

(1) Electromagnetic (EM) profiling with the Geonics EM-31. 
The apparent conductivity of metallics in the disposal 
trenches will differ sharply from that of the 
surrounding soils. 

(2) Magnetic field measurements with the Geometries 856. 
Ferrous materials in the disposal trenches will affect 
the total magnetic field. 
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2.0 DATA ACQUISITION 

2.1 GENERAL 

The boundaries of the Oscura survey area were staked in the 
field by CDMFPC personnel and two BGI geophysical engineers. 
Within the boundaries of the survey area, a grid was laid out 
using a 30 ft line spacing with a 10 ft station interval. All 
survey lines are shown in Figure 1-1. 

A daily log of field activities is given in Table 2-1. 

Table 2-1. Daily log of field activities at Oscura 

Date (1991) Activity 

March 25 

March 26 

March 27 

March 28 

April 2 

April 3 

April 4 

April 5 

Mobilize to Carrizozo, NM. Obtain badges and 
vehicle passes. 

Begin layout of survey grid. Work halted at 
11:15 A.M. by CDMFPC because of visible dust 
in the air. 

Finish laying out survey grid. Collect EM-31 
data. Begin data collection with 
magnetometer. Work halted at 3:00 P.M. 
because of visible dust in the air. 

Finish data collection with magnetometer. 
Dump magnetometer data to portable computers 
at observation tower. Demobilize to Denver. 

Mobilize to Socorro, NM. 

Obtain vehicle pass and stake disposal pits 
at survey area. 

Perform geophysical surveys at Red Rio Site. 

Perform geophysical surveys at Red Rio Site. 
Demobilize crew and equipment to Denver. 

2.2 ELECTROMAGNETIC CONDUCTIVITY PROFILING 

In electromagnetic conductivity profiling the lateral and 
vertical variation in earth conductivity (geoelectric section} is 
measured. The conductivity is determined from measuring the 
resistance to flow of electrical current. Current flow (eddy 
currents) is generated in the subsurface by the primary 
electromotive induction of the time-varying current driven 
through the transmitter. The intensity of the eddy cur~en~s 
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through the transmitter. The intensity of the eddy currents 
created in the subsurface are a function of ground conductivity. 
The ground eddy currents in turn cause a time-varying secondary 
magnetic field that is measured as a voltage in a receiver. 

It has been shown that for the instrument parameters of the 
EM-31, there is a linear relation between quadrature phase 
component of voltage and ground conductivity. Thus, the EM-31 
gives a direct reading of apparent conductivity to an effective 
exploration depth of about 10 ft. 

The in-phase component of the induced magnetic field is more 
sensitive to large metallic objects than the quadrature phase 
component used for ground conductivity measurements. In-phase 
measurements are presented as the ratio of the induced secondary 
magnetic field to the primary magnetic field. 

Buried metallic objects cause an anomalous spatial behavior 
in the apparent conductivities measured. over metallic objects 
the linear relation between the quadrature phase component of 
voltage and conductivity is no longer valid, and even negative 
values can be observed. Thus, in addition to measuring ground 
conductivity, the EM-31 also can be effective in locating 
metallic objects. 

The EM-31 was calibrated each field day prior to data 
acquisition. The Geonics EM-31 was operated by one BGI employee. 
At each measurement station the ground conductivity and the in
phase component are automatically entered into an Omnidata Data 
Logger. Along with these measurements, Line #, Station # and any 
comments are also stored. At the end of each day the data in the 
data logger was downloaded to a portable computer, and the data 
was examined. By examination ~f the data, anomalous trends and 
suspect data values can be identified, and any problems which may 
arise can be rectified during the next field day. 

2.3 MAGNETIC FIELD MEASUREMENTS 

The signals in a magnetic survey are partially the result 
of, and strongly influenced by, the ambient earth magnetic field. 
The net magnetization is the vector sum of induced plus remanent 
magnetizations. Remanent magnetization is a permanent magnetic 
moment per unit volume, and induced magnetization is 
magnetization fluctuating with the earth's magnetic field. The 
Geometries 856 measures the maximum intensity of this vector 
field. The net magnetic field measured with a magnetometer is the 
vector sum of the field due to local magnetized materials and the 
ambient field of the earth. Figure 2-1 shows the total field 
intensity due to a simple magnetic dipole, the ambient field of 
the earth, and the total-intensity of an anomaly. In this case 
the magnetization is parallel to the earth's magnetic field. 
There is a magnetic low to the north of the center of the body 
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and a high to the south (Barrows, 1988). The steel present in 
the practice bombs should produce a magnetic signature similar to 
that shown in Figure 2-1. 

Diurnal variations in the geomagnetic field can be removed 
from the survey data by taking base station measurements. This 
procedure is used in magnetic surveys for geologic features with 
large spatial wavelength. In surveying for buried metallic 
objects of short spatial wavelength, the anomalies are measured 
in a brief period of time, and correction of diurnal variation is 
not necessary. However, during this survey, base station 
measurements were recorded at regular intervals, and these were 
used to remove diurnal variations from the magnetometer data. 
Corrections for diurnal variations assisted in drawing the 
background contour map, but did not effect the short spatial 
wavelength anomalies of buried objects. 

A Geometries 856 proton precession magnetometer was used to 
record the total magnetic field at each station. Prior to daily 
data acquisition, the magnetometer was tested and calibrated 
according to the instructions in the user's manual. All 
measurements were taken with the sensor placed on an 8 ft staff 
to eliminate near surface noise. 

The magnetometer data logger stores the measurements and 
station location automatically after each reading. Again the 
menu of the data logger assures entering all relevant data at 
each station. The data is then downloaded after each field day 
and contoured on a portable computer. 

Reference 

Barrows, Larry, 1988. Magnetic surveying for hazardous waste 
site investigations, Earth Science and Engineering, Inc. 
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3.0 RESULTS 

The geophysical survey at the Oscura Site was performed on 
March 26, 1991 through March 28, 1991. The geophysical data sets 
were then contoured and interpreted. The three different 
geophysical methods performed at the Oscura Site were 

• Total Magnetic Field (Figs. 3-1, 3-1a) 

• EM-31 Ground Conductivity (Figs. 3-2, 3-2a), and 

• EM-31 In-Phase Component (Figs. 3-3, 3-3a). 

The interpreted disposal pits are readily apparent by 
anomalies in contoured data on both the total magnetic field 
(Fig. 3-1a) and EM-31 in-phase component (Fig. 3-3a). While 
these features can also be recognized in the ground conductivity 
contour map (Fig. 3-2a) some anomalies appear to be more clearly 
defined on the total magnetic field and EM-31 in-phase contour 
map. This may be because conductivity data can be affected by 
changes in soil type, and soil type cannot be assumed to remain 
constant over a landfill -area. 

On April 3, 1991 all areas on the survey grid interpreted to 
be disposal pits were staked by BGI and CDMFPC personnel. At 
each suspect area, the EM-31 in-phase component was measured at 
the interpreted boundary of the disposal pit, and when a 
significant anomaly was encountered, the interpreted boundary of 
the disposal pit was staked at that location. Fifteen separate 
pits were inferred to be present and staked. The approximate 
boundaries of all pits were outlined on a field map by CDMFPC and 
are shown in Figure 1-1. 

Near the center of the survey grid an area of anomalous 
readings was encountered on lines in the square defined by 10E 
450N, 10E 570N, 130E 570N, 130E 450N. The geophysical behavior 
of the anomaly in this area was gradual and of low magnitude, 
which made definition of a boundary difficult. This area was 
staked and is identified on Figure 1-1. The geophysical behavior 
encountered in this area may be due to a different kind of buried 
waste (garbage or construction trash) than in the staked areas, 
or it may be similar waste as encountered elsewhere but buried 
deeper. 

An anomaly can be seen at 40W, 600N on all contour maps. 
This anomaly is interpreted to be caused by a missile 
(approximately 10 ft long and 2 ft in diameter) that was visible 
in the berm. This area was not staked. A slightly anomalous 
area is present near 340E, SOON. The magnitudes of this anomaly 
were so low that this area is expected to contain a very small 
amount of metallics, such as construction trash. This area was 
not staked. 
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4.0 CONCLUSIONS 

The interpretation of the geophysical surveys at the Oscura 
Site at the White Sands Missile Range showed 15 likely disposal 
pits. These pits were staked in the field by BGI and CDMPFC 
personnel. 

An anomalous area centered at 70E 510N was encountered. The 
geophysical signatures of this anomaly showed a gradual boundary, 
and an area 120 ft by 120 ft square was staked to be certain the 
entire anomaly was encompassed. 
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1.0 INTRODUCTION 

A geophysical survey was conducted at the Red Rio Practice 
Bomb Disposal Site at White Sands Missile Range during April 4 
and 5, 1991. This survey was performed by Blackhawk Geosciences, 
Inc. (BGI) for COM-Federal Programs Corporation (CDMFPC). 

The objective of the survey was to delineate the location of 
disposal trenches once used for open burning, detonation, and 
burial of practice bombs, small arms ammunition, and other wastes 
generated on bombing and gunnery ranges located adjacent to the 
site. A site map showing cultural features and survey coverage 
is shown on Figure 1-1. 

Two geophysical methods were utilized. These methods were: 

(1) Electromagnetic CEMl profiling with the Geonics EM-31. 
The apparent conductivity of metallics in the disposal 
trenches will differ sharply from that of the 
surrounding soils. 

(2) Magnetic field measurements with the Geometries 856. 
Ferrous materials in the disposal trenches will affect 
the total magnetic field. 
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2.0 DATA ACQUISITION 

2.1 GENERAL 

The geophysical survey at the Red Rio Site was conducted by 
a BGI crew consisting of two geophysical engineers. The survey 
areas were staked in the field by CDMFPC and BGI personnel. At 
Area 1 the survey grid was laid out at a 30 ft line spacing with 
measurement stations every 10 ft along each line. The grid was 
centered over an excavation in such a manner that the survey 
lines extended well beyond the excavated area (see Fig. 1-1). 

The survey grid at Area 2 also used a 30 ft line spacing and 
10 ft station spacing. Areas 3 and 6 through 11 were surveyed 
using two perpendicular lines, each 100 ft long, and intersecting 
at their centers. Area 4 consisted 'of a 100 ft line with one 
perpendicular line of 50 ft extending from its center. Area 5 
had one 50 ft, one 150 ft, and one 200 ft line arranged in an 
irregular geometry (see Fig. 1-1). The station spacing used for 
all lines in Areas 3-11 was 10 ft. 

A daily log of field activities is given in Table 2-1. 

Table 2-1. Daily log of field activities at Red Rio 

Date (1.991) Activity 

April 2 Mobilize to Socorro, NM. 

April 3 Obtain vehicle passes .. and perform geophysical 
surveys at Oscura site. 

April 4 Layout survey grid at Areas 1 through 9. 
Collect EM-31 data and magnetometer data at 
Areas 1 and 2. 

April 5 Stake disposal trenches at Area 1. Layout 
survey grid at Area 10. Collect EM-31 and 
magnetometer data at Areas 3-10. Layout 
survey grid at Area 11. Collect EM-31 and 
magnetometer data at Area 11. Dump all data 
to portable computer and make field 
interpretation of Areas 3-11. Demobilize to 
Denver, co. 

2.2 ELECTROMAGNETIC CONDUCTIVITY PROFILING 

In electromagnetic conductivity profiling the lateral and 
vertical variation in earth conductivity (geoelectric section) is 
measured. The conductivity is determined from measuring the 
resistance to flow of electrical current. Current flow (eddy 
currents) is generated in the subsurface by the primary. 

2 



created in the subsurface are a function of ground conductivity. 
The ground eddy currents in turn cause a time-varying secondary 
magnetic field that is measured as a voltage in a receiver. 

It has been shown that for the instrument parameters of the 
EM-·31, there is a linear relation between quadrature phase 
component of voltage and ground conductivity. Thus, the EM-31 
gives a direct reading of apparent conductivity to an effective 
exploration depth of about 10 ft. 

The in-phase component of the induced magnetic field is more 
sensitive to large metallic objects than the quadrature phase 
component used for ground conductivity measurements. In-phase 
measurements are presented as the ratio.of the induced secondary 
magnetic field to the primary magnetic field. 

Buried metallic objects cause an anomalous spatial behavior 
in the apparent conductivities measured. over metallic objects 
the linear relation between the quadrature phase component of 
voltage and conductivity is no longer valid, and even negative 
values can be observed. Thus, in addition to measuring ground 
conductivity, the EM-31 also can be effective in locating 
metallic objects. 

The EM-31 was calibrated each field day prior to data 
acquisition. The Geonics EM-31 was operated by one BGI employee. 
At each measurement station the ground conductivity and the in
phase component are automatically entered into an Omnidata Data 
Logger. Along with these measurements, Line #, Station # and any 
comments are also stored. At the end of.each day the data in the 
data logger was downloaded to a portable computer, and the data 
was examined. By examination of the data, anomalous trends and 
suspect data values can be identified, and any problems which may 
arise can be rectified during the next field day. 

2.3 MAGNETIC FIELD MEASUREMENTS 

The signals in a magnetic survey are partially the result 
of, and strongly influenced by, the ambient earth magnetic field. 
The net magnetization is the vector sum of induced plus remanent 
magnetizations. Remanent magnetization is a permanent magnetic 
moment per unit volume, and induced magnetization is 
magnetization fluctuating with the earth's magnetic field. The 
Geometries 856 measures the maximum intensity of this vector 
field. The net magnetic field measured with a magnetometer is the 
vector sum of the field due to local magnetized materials and the 
ambient field of the earth. Figure 2-1 shows the total field 
intensity due to a simple magnetic dipole, the ambient field of 
the earth, and the total-intensity of an anomaly. In this case 
the magnetization is parallel to the earth's magnetic field. 
There is a magnetic low to the north of the center of the body 
and a high to the south (Barrows, 1988). The steel present in 
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the practice bombs should produce a magnetic signature similar to 
that shown in Figure 2-1. 

Diurnal variations in the geomagnetic field can be removed 
from the survey data by taking base station measurements. This 
procedure is used in magnetic surveys for geologic features with 
large spatial wavelength. In surveying for buried metallic 
objects of short spatial wavelength, the anomalies are measured 
in a brief period of time, and correction of diurnal variation is 
not necessary. However, during this survey, base station 
measurements were recorded at regular intervals, and these were 
used to remove diurnal variations from the magnetometer data. 
Corrections for diurnal variations assisted in drawing the 
background contour map, but did not effe~t the short spatial 
wavelength anomalies of buried objects. 

A Geometries 856 proton precession magnetometer was used to 
record the total magnetic field at each station. Prior to daily 
data acquisition, the magnetometer was tested and calibrated 
according to the instructions in the user's manual. All 
measurements were taken with the sensor placed on an 8 ft staff 
to eliminate near surface noise. 

The magnetometer data logger stores the measurements and 
statio~ location automatically after each reading. Again the 
menu of the data logger assures entering all relevant data at 
each station. The data is then downloaded after each field day 
and contoured on a portable computer. 

Reference 

Barrows, Larry, 1988. Magnetic surveying for hazardous waste 
site investigations, Earth Science and Engineering, Inc. 
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3.0 RESULTS 

3.1 AREA 1 

Area 1 is situated over an excavation that was made in an 
existing drainage at the Red Rio Site. There are practice bombs 
visible on the surface in the excavated area, and some practice 
bombs were observed scattered around the perimeter of the 
excavation. 

The results of three geophysical survey methods performed at 
Area 1 are shown in contour map and color contour form. These 
methods were total magnetic field (Figs. 3-1, 3-1a), EM-31 ground 
conductivity (Figs. 3-2, 3-2a), and EM-3~ in-phase component 
(Figs. 3-3, 3-3a). A steep embankment in Area 1 made geophysical 
measurements impossible at some stations. The stations where no 
data. were collected were blanked, and appear as rectangles with 
no contouring present on the color contour and contour maps 
(Figs. 3-1 through 3-3 and 3-1a through 3-3a). All three methods 
exhibited an elongated area showing highly anomalous values in 
the survey grid. This feature extends from roughly ON to 510N on 
the surveyed area. The lateral extent of the anomalous area 
varies from survey line to survey line, but background values 
were encountered on each end of all survey lines. 

A profile plot of survey line 330 in Area 1 is given in 
Figure 3-4. The magnitude of the anomaly on this line is roughly 
1/4 of the total magnitude of the anomaly measured across Area 1. 
The lateral limits of the anomalous areas can be discerned by 
examination of the data sets on Figure 3-4. 

After a field interpretation of the data sets for Area 1, 
the EM-31 in-phase component was measured at the interpreted 
boundary of the disposal pit, and when a significant anomaly was 
encountered, the interpreted boundary of the disposal pit was 
staked by BGI and CDMFPC personnel. This approximate boundary 
was outlined on a field map by CDMFPC and is shown in Figure 1-1. 

An area of anomalous readings was encountered on lines ON 
through 90N, but the geophysical behavior of the anomaly in this 
area was gradual and of low magnitude, which made definition of a 
boundary difficult. This area was not staked, but it is 
identified on Figure 1-1. The geophysical behavior encountered 
in this area may be due to a different kind of buried waste 
(garbage or construction trash) than in the staked areas, or the 
same waste buried deeper. This area should be avoided during J 
excavation. 
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3.2 AREA 2 

The survey grid for Area 2 lies west of the large mound on 
the left edge of Figure 1-1. survey lines 210N and 240N were 
extended to cover the disturbed area pit. 

The contour maps and color contour plots for Area 2 are 
total magnetic field (Figs. 3-5, 3-Sa), EM-31 ground conductivity 
(Figs. 3-6, 3-6a), and EM-31 in-phase component (Figs. 3-7, 
3-7a) • The contour interval for the contour maps for Area 2 was 
independently determined, but the color scale used for the color 
contour maps was the same as determined for Area 1. This was 
done to give a visual comparison of the magnitude of the 
anomalies at Areas 1 and 2. A comparisolJ of Figures 3-1a and 
3-Sa show that the magnetic anomaly measured at Area 2 is an 
order of magnitude less than that measured at Area 1. 

The EM-31 ground conductivity and in-phase component show a 
linear anomaly of low magnitude extending from 360N, SOE through 
240N, SOW to 210N, 250W. The total magnetic field shows no such 
feature, but shows an isolated magnetic high at line 240N, sow. 
At this location there is a post (indicated on Fig. 1-1) with 
several metal junction boxes connected to a series of buried 
cables. 

The lack of response from total magnetic field over the 
linear anomaly on the EM-31 data suggests that the anomaly is due 
to a non-ferrous buried metallic, such as copper or aluminum 
wire. The post located on the linear anomaly with buried cables 
connected to it helps to substantiate this interpretation. This 
linear anomaly is denoted on the map in Figure 1-1 as an anomaly 
not interpreted to be associated with disposal trenches. 

3.3 AREA 3 

The geophysical data collected at Area 3 (Fig. 3-S) shows 
little variation in the geophysical methods across the survey 
lines. Figure 3-S plotted at the same scale as Figure 3-4 (line 
330N, Area 1) to show the type of anomaly expected across a 
disposal trench filled with practice bombs. Because the profile 
on Figure 3-S is flat, no anomalies associated with disposal pits 
were interpreted at Area 3. 

3.4 AREA 4 

The geophysical data is shown in Figure 3-9. The small 
deflection in the magnetic data at station 100 is interpreted as 
the effect of steel guy wires protruding from the ground at this 
location, connected to nearby poles (Fig. 1-1). A small area has 
been denoted on Figure 1-1 where this anomaly is present. 
Because the geophysical profiles are flat, no anomalies 
associated with disposal pits were interpreted at Area 4. 
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3.5 AREA 5 

The geophysical data collected at this area is presented in 
profile form in Figures 3-10 and 3-11. Because the geophysical 
profiles are flat, no anomalies associated with disposal pits 
were interpreted at Area 5. 

3.6 AREAS 6 THROUGH 11 

The geophysical data collected at these areas is presented 
in profile form in Figures 3-12 (Area 6), 3-13 (Area 7), 
3-14 (Area 8), 3-15 (Area 9), 3-16 (Area 10) and 3-17 (Area 11). 
Because the geophysical profiles are fla~, no anomalies 
associated with disposal pits were interpreted at these areas. 
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4.0 CONCLUSIONS 

The geophysical surveys conducted at the Red Rio Site at the 
White Sands Missile Range yielded the following results. 

Area 1 

An interpretation was made defining the boundary of an 
elongated disposal trench. This trench was staked by BGI and 
CDMFPC personnel in the field. An anomalous area on lines ON 
through 90N with a gradual boundary in geophysical signatures was 
identified, but not staked due to an indefinite boundary. This 
area should be avoided during excavation. 

Area 2 

An anomalous linear trend was identified, but this linear 
feature is interpreted to be buried cables. No disposal pits 
were interpreted at this area. 

Area 4 

A small magnetic anomaly is present at Area 4, and is 
interpreted to be the magnetic response to a guy wire located on 
the line. No disposal pits were interpreted at this·area. 

Areas 3 and 5 through 11 

No disposal pits were interpreted at these areas. 
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SUBSURFACE LOGS- Red Rio Site 

TRENCH 1 

Depth Soil Description PID Remarks 

2' med brown silt loam 0 No evidence of soil development. 

4' med-dark brown loam w/carb filaments 0 

6' lt brown loam 0 More sand than previous samples. 

8' lt brown sandy loam, 20% ls gravel (1-10 mm) 0 

10' lt brown sandy loam, < 5% ls pebbles •1 WSRR-SUB-01-0-10' collected. 
11' lt brown sandy loam, < 5% ls pebbles 3 
12' silt loam -- PID reading not recorded. 
13' no data collected 0 
14' no data collected 2 Jar headspace 8 ppm above background. 
15' brown sandy loam, carb nodules 0-1 WSRR-SUB-01-11-15' & WSRR-SUB-01-15' collected. 

TRENCH 2 

Depth Soil Description PID Remarks 

2' dark-med brown loam, < 1% gravel 0 

4' dark-med brown loam, < 1% gravel, thin carb filaments 0 

6' dark brown loam, more carb filaments than at 4' 0 Backhoe broken. WSRR-SUB-02-0-6', -SUB-02/S-0-6', & -SUB-02/C-0-6'collected. 

8' lt brown loam, disseminated carb 0 

10' lt brown loam, about 5% ls pebbles (5-15 mm) 0 WSRR-SUB-02-8-10' collected. 
11' lt brown loam, some carb filaments 0 
12' lt brown loam, some carb filaments 0 
13' med brown sandy loam w/carb nodules 0 
14' lt brown loam w/carb filaments and disseminated carb 0 
15' med brown sandy loam, 40% ls pebbles (5-15 mm), slightly moist 0 WSRR-SUB-02-11-15' & WSRR-SUB-02-15' collected. 



SUBSURFACE LOGS- Red Rio Site 

TRENCH 3 

Depth Soil Description PID Remarks 

2' dark brown silt loam, moist 0 Portion of golf ball sized mottled ash-like grey /white material included in sample. 
3' dark brown silt loam, moist 0 More of mottled material above and small bomb fins(?). WSRR-SUB-03-3' collected. 
4' med red-brown clay loam/dark brown loam, < 5% pebbles, moist 0 Metal or rock contacted--trench moved slightly to south and east. 

6' dark brown loam w/<5% gravel 0 Baseball sized pieces burned wood found. WSRR-SUB-03-0-6' collected after hit at 7'. 
7' dark brown loam, 10% pebbles, stained w/black ash 1 Jar headspace 9-10 ppm. BDU-33s and bomb fins found. WSRR-SUB-03-7' collected. 

TRENCH 4 

Depth Soil Description PID Remarks 

2' med brown loam, < 5% Is pebbles 0 Piece of scrap metal found in backhoe bucket. 

4' med brown loam, 10% gravel (5-10 mm) 0 

6' med brown silt loam, 5% Is gravel (5-20 mm), moist 0 

8' It brown loam, calc filaments, 10% pebbles (10-20 mm) 0 Good ped development. 

10' med red-brown silt loam, < 5% gravel, carb filaments, moist 2-3 WSRR-SUB-04-0-10' collected. 
11' clayey silt loam, < 5% pebbles, carb filaments <1 
12' med-lt brown clay loam, dissem carb and carb nodules 0 Soil drier than that above. 
13' med brown clay loam, carb filaments 0 
14' weathered shale, nearly all clay 0 White zones in soil may be secondary sedimentary structure. 
15' bedrock(?) 0 Operator reports hard digging. WSRR-SUB-04-11-15' & WSRR-SUB-04-15' collected. 



SUBSURFACE LOGS- Red Rio Site 

TRENCH 5 (Background) 

Depth Soil Description PID Remarks 

PID inoperative. 

5' brown silt loam -- WSRR-SUB-05-5' collected. 

7' Soil lighter color below due to higher CaC03 content. Limited soil development above. 

10' lt brown silt loam -- WSRR-SUB-05-10' collected. 

15' lt brown silt loam - WSRR-SUB-05-15' collected. 

TRENCH 6 

Depth Soil Description PID Remarks 

2' med-dark brown silty loam, <5% ls pebbles (10-15 mm), moist 0 Minimal carbonate filaments. 

4' med-dark brown silty loam, < 5% ls pebbles (10-15 mm), moist 0 

6' med red-brown clay loam, moist 0 

8' med red-brown clay loam, carb filaments 0 

10' med red-brown clay loam, <5% ls pebbles (2-10 mm), carb string 0 WSRR-SUB-06-0-10' collected. 
11' med red-brown clay or silt loam, 5% ls gravel (2-10 mm) 0 
12' med red-brown clay loam, few thick carb filaments and coatings 0 
13' med red-brown clay loam, few thick carb filaments and coatings 0 
14' med red-brown clay loam, few thick carb filaments and coatings 0 
15' med red-brown clay loam, few thick carb filaments and coatings 0 WSRR-SUB-06-11-15' and WSRR-SUB-06-15' collected. 



SUBSURFACE LOGS - Oscura Site 

TRENCH 1 

Depth Soil Description PID Remarks 

2' 0 Soil description not recorded. 

4' med brown clayey silt 0 

6' med brown loam w/calc specks 0 

8' sandy clay w/calc nodules, minor gravel, moist 0 

10' gravelly sand w/clasts up to t• 0 WSOR-SUB-01-0-10' collected. 
11' sand loam, 40% gravel (5-30 mm) 0 
12' gravelly loamy sand, 40% gravel (5-30 mm), slightly moist 0 
13' med brown loam, < S% pebbles 0 
14' gravelly sandy loam, 20% gravel 0 
15' sandy gravelly loam 0 WSOR-SUB-01-11-15' and WSOR-sUB-01-15' collected. 

TRENCH2 

Depth Soil Description PID Remarks 

2' silty clay w/roots and organic material 0 

4' silty clay w/less roots than 2' 0 

6' silty clay 0 

8' silty clay w/minor amounts of gravel, calc specks 0 No organic matter. 

10' silty clay w/minor amounts of gravel, calc specks 0 WSOR-SUB-02-0-10' collected. 
11' lt brown silt loam, few carb nodules, very little fine gravel 0 
12' lt brown silt-clay loam, many carb nodules 0 Soil very hard and dry. 
13' gravelly clay loam, 60% ls gravel (5-30 mm), dissem carb & nods 0 Operator reports hard digging. 
14' red-brown clay loam, < S% gravel, carb filaments & nodules 0 Soil dry, very hard. 
15' sandy loam, SO% Is gravel, no evidence of carb 0 Soil still very dry. WSOR-SUB-02-11-15' and WSOR-SUB-02-15' collected. 



TRENCH 3 

Depth Soil Description PID Remarks 

2' uniform brown silt loam, 15% gravel, few roots 0 

4' lt brown silt loam, < 5% gravel, dissem carb, few roots 0 Fair ped development. 

6' lt brown silt loam, < 5% pebbles, dissem carb and nodules 0 

8' sandy loam, 25% gravel (5-15 mm) 0 

10' dark red-brown sandy loam, 30% ls gravel 0 WSOR-SUB-03-0-10' collected. 
11' sandy gravel, 75% ls gravel (most 20-50 mm, some to 150 mm) 0 Soil looks moister. 
12' sandy gravel, 80% gravel 0 Sand portion moist. 
13' dark reddish-brown loam, < 10% gravel, moist 0 
14' dark reddish-brown loam, < 10% gravel, moist 0 
15' med red-brown gravelly sand 0 WSOR-SUB-03-11-15' and WSOR-SUB-03-15' collected. 

TRENCH 4 

Depth Soil Description PID Remarks 

2' med brown loam, 15% gravel (5-15 mm) 0 2 orange Mk 106s uncovered, not weathered or burned. WSOR-SUB-04-2' collected. ------- ---------------------------------------------------------- ---- -----------------------------------------------------------------------------
2' mixed It brown loam and silt loam w/carb nodules 0 Trench relocated 18" SE of original excavation. Soil looks like fill material. 

4' lt brown silt loam w/dissem carb & nods, 10% gravel (5-15 mm) 0 Definite gravel zone between 2' and 2.5'. Soils below Jl!!I be undisturbed. 

6' lt brown silt loam w/dissem carb & nods, 10% gravel (5-15 mm) 0 

8' med brown loam, 20% large ls gravel (15-200 mm), slightly moist 0 Gravel also has carbonate coatings. 

10' med brown loam, less large gravel than 8' 0 WSOR-SUB-04-0-10', WSOR-SUB-04/S-0-10', & WSOR-SUB-04/C-0-10' collected. 
11' red brown clay loam, 15% gravel ( < 10 mm), carb filaments/coats 0 Abundant carbonate filaments and coatings. 
12' red brown clay loam, 15% gravel ( < 10 mm), less carb than 11' 0 
13' lt brown gravelly clay loam, carb in matrix and clasts 0 Soils are still fairly dry. 
14' lt brown gravelly clay loam, carb in matrix and clasts 0 
15' lt brown gravelly clay loam, carb in matrix and clasts 0 WSOR-SUB-04-11-15' and WSOR-SUB-04-15' collected. 



TRENCH 5 (Background) 

Depth Soil Description PID Remarks 

5' uniform med brown silt loam, abundant roots 0 Some ped development. WSOR-SUB-05-5' collected. Screen w/rad meter negative. 

10' uniform red-brown loam, < 5% ls pebbles (2-15 mm up to 5 em) 0 WSOR-SUB-05-10' collected. 

15' gravelly sand w/ls clasts (1-2 em up to 20 em) 0 Operator reports gravelly sand hit at 12'. WSOR-SUB-05-15' collected. 

TRENCH 6 

Depth Soil Description PID Remarks 

2' med brown silt loam, some carb 0 
3' Bomb fins or sheet metal found, not weathered or burned. Trench widened to SE. 
4' med brown silt loam, some carb 0 Piece of angle iron and wire visible in trench. No sign of stained soil or burning. 
5' Backhoe contacts object which can't be pulled up. Trench moved a little to south. 
6' med brown calc silt loam w/nodules and filaments, roots present 0 May be undisturbed earth. 

8' med brown loam, 10% gravel and cobbles, few carb filaments 0 

10' med brown sand loam 0 Soil slightly more moist than that above. WSOR-SUB-06-0-10' collected. 
11' med brown sand loam 0 
12' med red-brown loam w/carb nodules, < 5% gravel, slightly moist 0 
13' med red-brown loam w/carb nodules, < 5% gravel, slightly moist 0 
14' brown gravelly sand, 40% ls gravel (5-20 up to 100 mm), moist 0 
15' brown gravelly sand, 40% ls gravel (5-20 up to 100 mm), moist 0 WSOR-SUB-06-11-15' and WSOR-SUB-06-15' collected. 



TRENCH 7 

Depth Soil Description PID Remarks 

2' med brown clay loam w/roots and calc stringers, very dry 0 

4' med brown clay loam, less roots and calc stringers than 2' 0 

6' med brown clay loam 0 

8' clayey silt, 15% gravel (1-5 em) 0 

10' clayey silt wlls rocks (1-20 em) 0 WSOR-SUB-07-0-10' collected. 
11' gravelly clayey silt, 40% gravel (1-10 em) 0 
12' soil very rocky, 60% with cobbles up to 25 em 0 Soil appears to be undisturbed thus far. 
13' soil very rocky, 60% with cobbles up to 25 em 0 ~ 

14' silty matrix, gravel size smaller than previous (1-5 em) 0 
15' gravel about 60% (1-8 em) 0 WSOR-SUB-07-11-15' and WSOR-SUB-07-15' collected. 

TRENCH 8 

Depth Soil Description 'PID Remarks 

2' med brown clay loam w/some calc nodules, roots, dry 0 

4' med brown clay loam w/some calc nodules, less roots than at 2' 0 

6' med brown clay loam w/some calc nodules 0 

8' med brown clay loam w/some calc nodules 0 

10' med brown clay loam w/some calc nodules 0 WSOR-SUB-08-0-10' collected. 
11' med brown clay loam, dry 0 Soils may be disturbed based on consistency of stratigraphy. 
12' med brown clay loam, <5% gravels (1-5 em) 0 
13' clayey silt, 5-10% cobbles 0 
14' clayey silt, 5% gravels (1-3 em) 0 
15' clayey silt, 5-10% gravels (Is), still dry 0 WSOR-SUB-08-11-15', -08/S-11-15', -08/C-11-15', & WSOR-SUB-08-15' collected. 



TRENCH 9 

Depth Soil Description PID Remarks 

2' clayey silt w/roots 0 

4' med brown clayey silt w/some roots 0 

6' clayey silt, 1-2% gravel (up to 1 em) 0 

8' clayey silt, 1-2% gravel (up to 2 em) 0 

10' clayey silt, 1-2% gravel (up to 2 em) 0 WSOR-SUB-09-0-1 0' collected. 
11' clayey silt w/some sand 0 
12' clayey silt w/some sand, few cobbles up to 15 em· 0 
13' clayey silt, 30% ls gravel (1-5 em) 0 
14' clayey silt, 1-2% gravel (1-5 em) 0 
15' sandy silt, 70% gravel (1-2 em) 0 WSOR-SUB-09-11-15' and WSOR-SUB-09-15' collected. 

TRENCH 10 

Depth Soil Description PID Remarks -. 

2' clayey silt 0 Soil typical of those found in upper layers around the site. 

4' clayey silt, some calc nodules 0 

6' clayey silt, some calc nodules 0 

8' clayey silt, some calc nodules 0 

10' clayey silt, more calc nodules than 8' 0 WSOR-SUB-10-0-10' collected. 
11' silty sand w/calc nodules 0 
12' silty sand, < 5% gravel ( 1-5 em) 0 
13' silty sand, less gravel than 12' 0 
14' silty sand, more sand than 13' 0 
15' silty sand, more sand than 13' 0 WSOR-SUB-10-11-15' and WSOR-SUB-10-15' collected. 



TRENCH 11 

Depth Soil Description PID Remarks 

2' clayey silt 0 

4' clayey silt 0 

6' clayey silt 0 

8' clayey silt, 1-2% (1-10 em) 0 

10' clayey silt, 5% gravel (0.5-3 em) 0 WSOR-SUB-11-0-10' collected. 
11' clayey silt, 10% gravel (1-3 em) 0 
12' clayey silt, 10% gravel (1-3 em) 0 
13' clayey silt, 10% gravel (1-3 em) 0 
14' clayey silt, 10% gravel (0.5-3 em) 0 
15' clayey silt, 10% gravel (0.5-3 em) 0 WSOR-SUB-11-11-15' and WSOR-SUB-11-15' collected. 

TRENCH 12 

Depth Soil Description PID Remarks ', 

2' clayey silt w/roots 0 

4' clayey silt w/roots, calc stringers 0 

6' clayey silt, 5% gravel (0.5-2 em) 0 

8' clayey silt, 5% gravel (0.5-2 em) 0 

10' clayey silt, 5% gravel (0.5-2 em) 0 WSOR-SUB-12-0-10' and WSOR-sUB-12/S-0-10' collected. 
11' clayey silt, numerous calc nodules 0 
12' clayey silt, 10% gravel (0.3-3 em) 0 
13' sandy silt, 10% gravel (0.3-3 em) 0 
14' sandy silt, 10% gravel (0.3-3 em) 0 
15' sandy silt, 10% gravel (0.3-3 em) 0 WSOR-SUB-12-11-15' and WSOR-SUB-12-15' collected. 



TRENCH 13 

Depth Soil Description PID Remarks 

2' clayey silt w/some roots 0 

4' clayey silt w/some roots 0 

6' clayey silt w/some roots, calc nodules 0 

8' clayey silt, 15% gravel (1-3 em) 0 

10' clayey silt, 15% gravel (1-5 em) 0 WSOR-SUB-13-0-10' collected. 
11' clayey silt, 30% gravel (1-5 em) 0 
12' clayey silt, 30% gravel (1-5 em) 0 
13' clayey silt, 10% gravel 0 
14' clayey silt, 10% gravel 0 
15' clayey silt, 10% gravel 0 WSOR-SUB-13-11-15' and WSOR-SUB-13-15' collected. 



APPENDIXD 

FIELD SURVEILLANCE AND LABORATORY AUDIT REPORTS 



DCN: 7902-002-RT-BCNV 

Contract/Task No./Title: 

DIIIBIT A 
Surveillance Report 

Date of Report: 

Battelle EM0/7902-002-RT-IVST 

Organization: CDM Federal Programs Corporation 

fie4: /"10 2 -ocrz.. 
/' q r Q 5 fteL.D .S~ISfiiJJtiVG 

4/29/91 

Date Performed: 4/23/91 Location: White Sands - Red Rio Site 

Personnel Contacted: Paul Karas, Randy Reddick, and 

Bob Alexander 

Controlling Documents/Procedures: QAPP, Sampling & Analysis Plan, 

Field Activity Quality Assurance Project Plan, and Work Plan 

Specific Sections Applicable to Surveillance: 

QAPP 15 Work Plan 5.2.3 

SAP 2,2.1,2.2,2.3 

FAQAPjP 4,5,6,9,10,1_3 __________________ _ 

Activities/Documentation Reviewed: Surface soil sampling, sub-

surface soil sampling, sample handling, sample preservation, 

field documentation, and equipment decontamination 

Positive Findings: Field activities were found to be very well 

organized and in compliance with controlling documents/ 

procedures. However, there are two minor observations. 



BXDIBIT A (Continued) 

Deficiencies and Observations: No major deficiencies were 

identified. The surveillance did identify two observations, 

which are explained below: 

1). Currently two people are making entries into one logbook. 

It is important that there be a way to-differentiate between 

whom is making the entries. 

2). The FAQAPjP requires that the sample label be signed. 

The field personnel were signing the custody seal instead. 

Corrective Action (CA) Taken to Address Each Deficiency/Observation. 
Describe Objective Evidence Observed or Reviewed that Demonstrates CA was 
Implemented: 

1). The observation was accepted and the field personnel 

immediately began logging in and out of the field logbook. 

2). This observation was also accepted and the field 

personnel immediately began signing all sample labels as 

required. 

Both corrective actions were observed during the surveillance. 

Further Corrective Action Required for Uncorrected Deficiencies? ( Y /~) 
If yes, attach CAR form. 

=======~==-==============~======~=======================~==============--

Prepared by: 

~6LD~ 
Copies to - fill in names: 

Task Manager: Paul A. Karas Branch/Di v. Manager: Linda J. Brown 

OA Manager: R. Ellersick OA Coordinator: Bob Thielke 

Doc. Control File: 7902-002-SURV Fairfax QA File: s. Searcy 

\ 



May 6, 1991 

Mr. Paul Karas 
COM Federal Programs Corp. 
6400 Uptown Blvd. N.E., Suite 581-W 
Albuquerque, NM 87110 

Dear Mr. Karas: 

f: 0:3- 7 {& 2 - v c:;) d-.. 

tce-ee_4 

()Battelle 
Environmental Management Operations 
P.O. Box 999 
Richland, Washington U.S.A. 99352 

Telephone (509)3 7 6-1000 
Telex 15-2674 
Facsimile (509) 376-8105 

MASTER AGREEMENT 071910-A-03, TASK ORDER 110737, ENVIRONMENTAL MANAGEMENT 
OPERATIONS QUALITY ASSURANCE SURVEILLANCE REPORT SR-91-019 

Thank you for your cooperation during the on-site surveillance of sampling 
activities at the White Sands Project on April 23 and 24, 1991. The EMO QA 
Surveillance Report, SR-91-019 is enclosed for your information. 

If you have any questions, please contact SL English on 509/376-0634. 

Sincerely, 

0:::~~~ 
Sr. Contract Specialist 

JHS:sys 

Enclosure 



PLANNING: 

EMO QUALITY ASSURANCE DEPARTMENT 
SOURCE SURVEILLANCE REPORT 

Surveillance Report No: SR-91-019 

Project/Activity Title: White Sands RCRA Closure & Solid Waste Investigation 

Subcontractor: COM-FPC 

QA Plan No: EMO QA Plan No. 010, Rev. 0 

Other Applicable Documents: Field Activity QA Project Plan, Rev. 0, 
Feb. 15, 1991 
Work Plan: SAmpl.ing & Analysis Plan and 
Appendices Revision 0, February 15, 1991 

Source of Requirements: See attached checklist , 
Purpose/Scope: The purpose is to observe field activities (sample collection) 
and verify comformance to the requirements of the project plans. 

PERFORMANCE 
Date initiated: April 23, 1991 location: White Sands AFB, New Mexico 

Contacts: Paul Karas 

RESULTS 
Main Statement: No major deficiencies. A few minor improvements were made in 
daily operations. Ex: signed custody seals, discontinued tamping down soil 
samples, initiated sign in and sign out in field log. 

Summary: See attached checklist for specific details of what was observed. 

Describe attachments:_3 page checklist_ 

CORRECTIVE ACTION 
[ ] None Required [X] Completed at the site 
[ ] Reference Follow-Up Source Surveillance Deficiency Response Form: 

REPORTING 
QA Trend Codes: NA 

Distribution: RM Smith(Cog. Mgr.) 
COM-FPC Paul Kara 
(w/o attachment) 

SL English 
COM-FPC Dave Johnson (QA) 

( /o attachment) 

Date .5"- .3- ?,/ 
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COM FEDERAL PROGRAMS CORPORATIO'\; 

KEHORANDUM 

TO: 

FROH: 

PROJBC'l': 

DATE: 

DCN: 

SUBJECT: 

Project File - 7902-002 

Robert Thielke 

EHO Master Agreement 071910-A-D3 

Hay 28, 1991 

7902-002-QA-BCNJ 

THA/ARLI Laboratory Audit Report 

INTRODUCriON 

This EHO project includes field and laboratory work designed to aid in the 
development of closure plans for two practice bomb disposal areas at Vhite 
Sands Missile Range. At the time of audit, soil sampling and laboratory 
analyses were in progress. Laboratory analysis is being performed by the 
subcontractor laboratory, ThermoAnalytical, Inc (THA). Three THA 
facilities are involved: THA/Norcal of Richmond, CA is responsible for 
sample management; THA/ARLI of Monrovia, CA is performing metals and 
semivolatiles analysis; and THA/ERG of Ann Arbor, HI is performing 
explosives analysis. 

This report documents the laboratory system audit of THA/ARLI work 
conducted at the THA/ARLI facility in Monrovia, california on Hay 9-10, 
1991. The auditor reviewed THA/ARLI operations, facilities, and personnel; 
related sample handling and documentation procedures were also reviewed. 

This audit checked on adherence to the analytical methods, standard 
operating procedures, and QA/QC procedures defined in the Vhite Sands Field 
Activity QA Project Plan, Laboratory Subcontract Statement of Vork, Test 
Methods for Evaluating Solid Vaste - Physical/Chemical Methods (EPA 
SV-846), and the THA/ARLI QA Manual in the performance of this work. The 
laboratory audit checklist used during the audit is attached to this 
report. 

The audit was conducted by Robert Thielke. Personnel contacted during the 
audit were: 

o Dennis Vells 
o David Kohlenberger 
o Hark Hudnall 
o Craig Veed 
o Vida Ang 
o Robert Mazurek 
o Robert Ferguson 

Laboratory Manager 
QA Manager · 
Progru Manager 
GC/HS Operator 
GC/HS Supervisor 
ICP Operator 
AA Operator/Metals section Supervisor. 
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AUDIT FINDINGS 

The audit focused on the areas listed below; pertinent sections of the 
documents governing field work are cited in parentheses. The auditor 
checked on adherence to the requirements in these documents as noted below. 

Availability of Relevant Documents 

The appropriate SV-846 methods ~ere available to all analysts and 
technicians. Copies of the Vhite Sands Field Activities QA Plan and 
Laboratory Statement of Vork were availabl~ to the Project Manager. 

Personnel And Training 

The auditor reviewed THA/ARLI's personnel files, training files, and 
interviewed key analysts and technicians. All personnel appeared to have' 
adequate education, experience, and training to perform their duties. ' 

Training files were maintained for each employee that outlined each task 
that vas necessary to complete training and the date that each training 
task vas completed. 

Document Control And Standard Operating Procedures (Subcontract SOV, 
Item IS) 

TMA/ARLI has an established and approved set of standard operating 
procedures (SOPs) that address all activit~es that will be performed in 
conjunction with EHO sample analyses. Appropriate SOPs were available to 
all personnel. · 

SOPs have been approved by TMA/ARLI management and are issued as controlled 
documents with distribution lists: 

Chain of Custody And Sample Traceability (Subcontract SOV, Item 12) 

The auditor observed and examined all laboratory operations to deterMine if 
all laboratory activities were adequately documented and that the chain of 
custody of the samples are traceable from sample collection to sample 
disposal {including all preparation and analyses). The laboratory 
operations that were observed included: 

o Sample Receipt 
o Reagent and standards storage and preparation 
o Sample storage 
o Sample preparation 
o Sample analysis 
o Quality control 
o Data package assembly 
o Sample and records disposition. 

The laboratory has two entrances which are locked or monitored at all 
times. The auditor was required to sign in and was escorted at all times. 
Samples are stored in locked refrigerators and transfer of custody into and 
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out ~f storage is maintained in an internal transfer log. The laboratory 
is a secure facility. 

All laboratory operations and activities are adequately performed and 
documented with the following exceptions: 

o Original chain of custody records for samples received at 
THA/Norcal were not forwarded to THA/ARLI. However, facsimile 
copies were available and reviewed by the auditor. The original 
chain of custody records will be forwarded to THA/ARLI. Only 
early shipments of samples were sent to THA/Norcal; subsequent 
samples were sent directly to THA/ARLI. 

o Regular review of logbooks by supervisory and QA personnel was 
not adequately documented; this finding requires corrective 
action. 

' ' Logbook pages, instrument printouts, chain of custody, ~~d other .r 
documentation associated with the preparation and analysis of samples will 
be maintained in locked file cabinets. The locked files are located in the 
file storage room and will be maintained for a minimum of two years. 

Sample Receipt and Storage (Subcontract SOV, Item 12) 

Samples are received at the receiving door adjacent to the sample receipt 
area. The Sample Custodian determines the following upon receipt of 
samples: 

o Condition of coolers and custody seals, 
o Condition of samples and sample containers, 
o Accuracy of chain of custody information in comparison to 

contents of coolers. 

Sample receip~ information is documented on the sample processing form. If 
discrepancies are found, the FPC project manager will be contacted to 
determine an resolution. Depending upon the severity of the discrepancy, 
the resolution will be documented on the sample processing for• or on a 
telephone conversation form. The samples are logged into the Laboratory 
Sample Analytical Management (SAM) system and laboratory identification 
numbers are assigned. The laboratory and field identification numbers are 
cross-referenced. 

Samples are stored in refrigerators located in the sample receipt area. 
Volatiles are stored in an upright refrigerator, sample extracts are stored 
in a different upright refrigerator, metal digestates are stored on shelves 
in the metals laboratory, and all other samples are stored in a large walk 
in cooler in the sample receipt area. 

Sample receipt and storage facilities and procedures are adequate with the 
following observations: 

o The auditor recommended that absorbent pads covering bench space 
in the sample receipt area should be replaced. 
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o An old reagent bottle of N~OH vi th no hbel vas found during the 
audit; the bottle vas identified vith an ink marker. The bottle 
vas immediately removed from use by THA/ARLI. 

Sample Preparation and Analysis (Subcontractor SOV, Item 16) 

EMO samples are prepared and analyzed using the SV-846 methods specified in 
the FPC Laboratory Statement of York. All analytical instruments are 
properly maintained and operated for the prescribed analytical methods. 

Semi-Volatile analysis is performed by GC/HS using Method 8270. THA/ARLI 
has tvo GC/MS instruments dedicated for Semi-Volatile analysis. 

Host metals analysis is performed by Inductively Coupled Argon Plas•a (ICP) 
using Method 6010. Mercury analysis is performed by cold vapor atoaic 
absorption (AA) using Method 7471, and Arsenic and Selfnium analyses are 
performed by AA using Methods 7060 and 7?40 respective~y. The metals 
section has only one ICP, one AA, and o~e cold vapor AA. Although the 
capacity for metals analyses may be limited, the capacity appears adequate 
for the sample load anticipated under the EMO Vhite Sands task. 

Calibration (Subcontract SOV, Item 16) 

All observed instrument calibration procedures vere compatible vith the 
appropriate SV-846 methods. All calibration records are maintained in 
instrument specific calibration logbooks. 

Standards are directly traceable to NIST or EPA certificates of analysis. 
Standards logbooks and certificates of Analysis logbooks are maintained for 
all analyses, although some organic certificates of analysis vere not 

. maintained in the certificates of analysis logbook. 

Quality Control (Subcontractor SOV, Items 12 and 16) 

Analytical Quality Control is maintainecl by analyzing Quality Control 
samples, maintaining calibration and Tune records, and maintaining control 
charts for all analyses. 

The auditor noted that the specific conductivity of the deionized vater 
system vas not recorded on a daily basis, and a logbook vas not maintained 
to document this information. This deficiency requires corrective action. 

Analytical results are subject to reviev by each section supervisor to 
determine if Quality Control criteria were met, if the analysis was 
performed correctly, and that all data was correctly transcribed. Draft 
reports for metals analysis vill be maintained in the project files to 
document that manual data entry vas verified against the raw data. 

CONCLUSION 

In general, the laboratory appears acceptable for performing analytical 
work related to the EHO contract. Certain deficiencies noted in the Audit 
Findings section require further corrective action. Corrective Action 
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Request forms listing these deficiencies are attached. 

The THA/ARLI Program Manager is responsible for taking appropriate 
corrective action, briefly describing it on the Corrective Action Request 
form, and returning the completed form to Robert Thielke by the date 
indicated. An Audit Completion Notice will be issued when the corrective 
action taken is deemed acceptable by the FPC QA Director. 

Prepared by: Approved by: 

~i~or 
' 

Attachments 

cc: s. English, EHO 
L. Brown 
J. Curtis 
R. Ellersick 
P. Karas 
H. Malloy 
R. Fox, THA/Norcal 
H. Hudnall, THA/ARLI 
Fairfax QA Files 
Document Control 
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TO: Project Pile - 7902-002 

PROM: David Johnson 

PROJBCl': EMO Master Agreement 0710910-A-DJ 

DATE: June 6, 1991 

DCN: 7902-002-QA-BCRD 

SUBJECT: 

' INTRODUCTION 

THA/ERG Laboratory Audit Report 

' r I 

This EHO project includes field and laboratory work designed to aid in the 
development of closure plans for two practice bomb disposal areas at White 
Sands Missile Range. At the time of audit, soil sampling and laboratory 
analyses were in progress. Laboratory analysis is being performed by the 
subcontractor laboratory, ThermoAnalytical, Inc (THA). Three THA 
facilities are involved: THA/Norcal of Richmond, CA is responsible for 
sample management; THA/ARLI of Monrovia, CA is perforaing metals and 
semivolatiles preparation and analysis; and THA/ERG of Ann Arbor, HI is 
performing explosives analysis. Audits were conducted at the THA Monrovia 
and Ann Arbor facilities; THA/Norcal was not audited because no sample 
preparation or analysis was conducted by this facility. 

This report documents the laboratory audit of THA/ERG work conducted at the 
facility in Ann Arbor, HI on Hay 2-3, 1991. The auditor reviewed THA/ERG 
operations, facilities, and personnel; related sample handling, 
documentation, and analytical procedures were also reviewed. 

This audit checked on adherence to the analytical methods, standard 
operating procedures, and QA/QC procedures defined in the Vhite Sands Field 
Activity QA Project Plan, the Laboratory Subcontract Statement of Work, the 
USATHAHA analytical methods, and the THA/ERG QA Manual (June 16, 1990) in 
the performance of this work. The laboratory audit checklist used during 
the audit is attached to this report. 

The audit was conducted by David Johnson. Personnel contacted during the 
audit were: 

o Art Czabaniuk 
o Hark Ruwe 
o Michael Dew 
o ·Gerry Hughes 
o Barbara Scribner 

Laboratory Manager 
QA Manager 
Operations Manager 
HPLC Operator 
Inorganics Supervisor. 



' 
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AUDIT FINDINGS 

The audit focused on the areas listed below; pertinent sections of the 
documents governing work are cited in parentheses. The auditor cheeked on 
adherence to the requirements in these documents as noted below. 

Availability of Relevant Documents 

The Vhite Sands Field Activities OA Plan, the THA/ERG QA Manual, and copies 
of the USATHAHA analytical methods were available at the workplace. 
However, the subcontract statement of work (SOV) governing the Vhite Sands 
analyses had not been forwarded to THA/ERG from THA/Norcal. The auditor 
provided an unofficial copy of the SOV to the Laboratory Manager and 
requested that he obtain an executed copy from THA/Norcal, when available. 

Perfonnel And Training (THA/ERG OA Manual, Sect.· 9) 

r 
Th~· auditor reviewed THA/ERG training files, and interviewed key analysts 
and technicians. All personnel appeared to have adequate education, 
experience, and training to perform their duties. The laboratory appears 
adequately staffed to handle the current sample load. The laboratory has a 
full-time QA Manager who reports directly to the Laboratory Manager. 

Training files were maintained for each employee that outlined each task 
that was necessary to complete training and the date that each training 
task vas completed. 

Facilities and Equipment (Subcontract, Part II) 

The facilities and equipment appeared adequate for performing the required 
work. No concerns were noted. 

Standard Operating Procedures (Subcontract SOV, Item 15; THA QA Manual, 
Sect. 7.2) 

The TKA/ERG QA Manual (Section 7.2) states that routine procedures are 
contained in various Procedure Manuals. Although nwaerous standalone 
procedures were available, the auditor observed that the procedures vere 
not consolidated in manuals. The auditor recommended that this discrepancy 
be clarified. 

Sample Receipt and Storage (Subcontract SOV, Item 12) 

The auditor reviewed sample receipt and storage procedures as stated in 
THA/ERG SOP 8820. Samples are received at a sample receipt area. Based on 
a review of documentation for the Vhite Sand~ task, the Sample Custodian 
exa•ined the contents of the coolers, verified chain of custody infor.ation 
in comparison to contents of coolers, and signed the chain of custody for•. 
However, the following sample receipt requirements specified in the SOV 
were not performed: 

o Temperature of shipping coolers must be recorded. 
o The general condition of the coolers and sample containers, and 

any problems •ust be recorded on a sample log-in for•·· 
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These deficiencies require corrective action. 

Samples were stored in a walk-in cooler located in the sample receipt area. 
Sample extracts for explosives were stored in an upright refrigerator. 

Chain of Custody And Sample Traceability (Subcontract SOV, Item 12) 

The auditor observed and examined laboratory operations to determine if all 
laboratory activities were adequately documented and if the chain of 
custody of the samples is traceable from sample collection to sample 
disposal (including all preparation and analyses). 

The auditor verified that the chain of custody form is signed and a copy 
placed in the data files; the laboratory will return the original to COM 
FPC. The laboratory assigns a unique identification number to each sample; 
this number is used to track samples. This number is entered into a 
computer system and a project worksheet is generated. 

Samples were stored in a locked cooler and transfer of custody into and out 
of storage was maintained in an internal transfer log. All laboratory 
custody procedures were adequately performed and documented with the 
following exception: 

o There is no provision for recording the signatures/dates of 
personnel accepting or relinquishing the custody of explosives 
extracts from the upright refrigerator. 

o Instrument run logs do not contain sufficient information 
concerning time of analysis and discussion of routine analytical 
problems and associated corrective action (e.g., re-analysis of 
OC samples when acceptance criteria are not met.) 

These two findings require corrective action. 

Laboratory records, including raw data and printouts, are maintained in 
locked file cabinets in a secure file room for tvo years. The auditor 
verified that adequate records are maintained and are traceable. According 
to the OA Manager, after two years, records are moved and archived at an 
offsite storage area. 

The laboratory is a secure facility. The auditor vas required to sign in 
and was escorted at all times. 

Explosives Analysis (Subcontract SOV, Item 16) 

The auditor discussed the analytical requirements with laboratory staff. 
Extractions are performed as required; the auditor reyiewed documentation 
and verified that the seven-day holding time for extraction vas being met. 
Although analysis of extracts had not been initiated at the time of the 
audit, the auditor discussed the USATBAHA methods (UV-21 for water and 
LV-17 for soil) with laboratory staff. Based on these discussions, all 
significant method requirements are planned for implementation by THA: 
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o An 8-point calibration will be performed daily and method 
acceptance criteria applied. 

o A method blank will be run daily and contamination monitored. 
o A high-level matrix spike/matrix spike duplicate and a low-level 

matrix spike will be analyzed daily. Spiking solutions will be 
prepared independently of the calibration standards. 

o Calibration check standards will be run before and after the 
spiked samples. 

o A weekly control spike solution will be run to check the 
stability of stock solutions. 

The auditor also reviewed documentation from explosives analyses performed 
for the USEPA's Special Analytical Request- (SAS) program. Although 
different analytical protocols were specified, THA/ERG vas able to 
implement the analytical and QC requirements spec~fied by EPA. 

Metals Analysis (Subcontract SOV, Item 16) 

Although THA/ERG is not performing metals analysis for the Vhite Sands 
task, the auditor reviewed metals operations with the inorganic supervisor. 
Based on a review of instrument run logs and data sheets, the section 
appears capable of performing metals analysis by SV-846 protocols •. The 
data sheets provided evidence that SV-846 calibration, quality control, and 
acceptance criteria were implemented. The laboratory is currently 
installing software to produce CLP data packages and is planning to provide 
metals analysis by CLP protocols. . 

calibration (Subcontract SOV, Item 16) 

Based on discussions with laboratory staff, all USATBAMA method calibration 
requirements will be implemented for explosives. The metals section 
implements SV-846 and CLP calibration requirements. Calibrations are 
recorded in instrument run logs dedicated to each instrument. 

The auditor examined logbooks for stock and working standards. Standards 
are labeled and tracked with a unique serial number. The auditor verified 
that explosive standards are traceable to USATHAHA standard analytical 
reference materials (SARHs); the other standards are traceable to EPA or 
NIST. 

The auditor verified that the temperature of coolers, refrigerators, and 
ovens is measured and recorded daily. The thermometer is calibrated 
annually with a NIST-traceable thermometer. 

The auditor reviewed the log used to record calibration checks of 
laboratory balances. The auditor noted that the calibration of balances 
was not consistently performed and recorded on a daily basis. Also, there 
vas no documentation available demonstrating that the weights used to check 
the balances are Class S grade. These deficiencies concerning routine 
calibration of balances requires corrective action. 
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Internal Data Review (Subcontract SOV, Item 12) 

According to the Operations Manager, it is THA/ERG's standard policy that 
analytical results, including raw data and calculations, are spot-checked 
by the section supervisor and QA Manager. Although evidence of checks such 
as signed routing sheets and initials/dates on data packages vas in the 
files, there was not a current written procedure describing the frequency, 
extent, and documentation requirements for internal data review. This 
finding requires corrective action. 

The QA Manager maintains precision and accuracy control charts for major 
parameters and a corrective action log. The auditor reviewed several 
examples of control charts and completed corrective actions. No concerns 
were noted. 

CONCLUSION ' 
In general, the laboratory appears acceptable for performing analytical 
work related to the EHO contract. All key staff have been employed by 
THA/ERG for several years and are very knowledgeable of laboratory 
operations and the importance of quality assurance. Certain deficiencies 
noted in the Audit Findings section require further corrective action. 
During the debriefing, the auditor discussed these deficiencies with the 
laboratory staff. The Laboratory Manager accepted the findings and agreed 
to take corrective action. 

Corrective Action Request forms listing these deficiencies are attached. 
The THA/ERG Laboratory Manager is responsible for taking appropriate 
corrective action, briefly describing it on the Corrective Action Request 
form, and returning the completed form to the auditor by the date 
indicated. Evidence that the corrective action has been implemented should 
be attached to the forms. An Audit Completion Notice will be issued when 
the corrective action taken is deemed acceptable by the FPC QA Director. 

Prepared by: 

Attachments 

cc: S. English, EHO 
L. Brown 
J. CUrtis 
R. Ellersick 
P. Karas 
H. Malloy 
A. Czabaniuk., THA/ERG 
R. Pox, THA/Norcal 
Fairfax QA Piles 
DocUilent Control 

Approved by: 
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KEHORANDUM 

TO: Task File 

FROM: David o. Johnson }0\f 

PROJECT: EHO Master Agreement 071910, Task 02 

DATE: August 2, 1991 

DOCUMENT NO. 7902-002-QA-BDFT 

SUBJECT: ~udit Completion Notice - THA/ARLI Labor)tory 
' I 

A laboratory audit was conducted at the ThermoAnalytical (THA)/ARLI 
facility in Monrovia, CA on Hay 9-10, 1991, by Robert Thielke, FPC QA 
Specialist. The audit checked on adherence to the analytical methods, 
standard operating procedures, and QA/QC procedures defined in the Vhite 
Sands Field Activity QA Project Plan, Laboratory Subcontract Statement of 
Vork, the EPA analytical methods, and the THA/ARLI QA Manual. 

Deficiencies concerning documentation of laboratory vatec quality and 
internal data review were found as noted on the attached Corrective Action 
Request forms.. The corrective actions taken and noted on the forms are 
acceptable. 

This Audit Completion Notice documents the satisfactory completion of this 
audit. 

Attachments (2) 

cc: s. 
L. 
J. 

~: 

English, 
Brown 
Curtis 
Ellersick 
Karas 

H. Malloy 

EHO 

D. Kohlenberger, THA/ARLI 
R. Fox, THA/Norcal 
Fairfax QA Files 
Document Control 
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State root cause of problta (r ulrtd for all tlplflcut condlUou 
acSvtnt to qualltJ)I ---------------------

~ CA Vtd fled 111 



' , I 

-
DJIIIIT 6 

rAR rift. z if z 
- COUICriVI ACttOH UOUIS'I' ---

·--···-------------·-----··---------------------------···---····· ... ·--·-·· (To be coaplettd by corrective action requttt ort,tnator.J 

Na••• Vhttt Sands 1M • Norcal Lab Aud1t Date1 05/28/91 

Contract/Ta•t Nos DID/ 7902-002 Task Hana1tra Paul KAras 

Description of problta and datt idtntifleda SUpt[ytsorr IOd Qa raytcw W'S 

not adeguttel y stgc;aeentetl • OS/07191 

SubMit thta fora to tatk •a6aJtr and OA Hanaatr i•••dtately. . -·-------- ~-···--·----·--·--···· --~---......................... ... 
Ito be co•pltttd by QA K&n&etr.J ~ 
Sllftlflcaat Condition Adverse to Qual1tyf ttl /~ 

lespondblt for Actlont ~&.A-~. Rt•pon .. Dutt Q6'22/9~ ................ • ..... d.. . .. ----·---· ................... . 
(To bt co•pltted by tba rttponstblt person. Attach addltlonal Plltl •• 
required. Include evtdence that corrtct1vt action hal bttn t•pltaenttd) 

CorncUvt Action Taken or Planned and Datta Ji;i31~ ,t.t;MJ.si x;& 

I"-? U..~-d...< ~~"z:.,£~~ OA-N.t.<~i"':!·. 

State root ~•use of pro,lll (requ1~td for all 11J01f1cant eondlt1ona 
adverse to quaUtJ)• ---------------------



CDM FEDERAL PROGRAMS CORPORATION 

MEMORANDUM 

TO: Task File 

FROM: D_avid 0. Johnson ]>O~ 

PROJECT: EMO Master Agreement 071910, Task 02 

DATE: 

DOCUMENT NO. 

July 31, 1991 

7902-002-QA-BDFD 

SUBJECT: Audit Completion Notice - THA/ERG Laboratory 

A laboratory audit was conducted at the ThermoAnalytical (THA)/ERG facility 
in Ann Arbor, HI on May 2-3, 1991, by David 0. Johnson, FPC Deputy QA 
Director. The audit checked on adherence to the analytical methods, 
standard operating procedures, and QA/QC procedures defined in the Vhite 
Sands Field Activity QA Project Plan, Laboratory Subcontract Statement of 
Vork, the USATBAHA analytical methods, and the TMA/ERG QA Manual. 

Deficiencies in the areas of sample receipt, internal custody, 
documentation of analyses, calibration of balances, and written procedures 
for internal data review were found as noted on the attached Corrective 
Action Request forms. The corrective actions taken and noted on the forms 
are acceptable. 

This Audit Completion Notice documents the satisfactory completion of this 
audit. 

Attachments (5) 

cc: S. English, EMO 
L. Brown 
J. Curtis 
R. Ellersick 
P. Karas 
H. Malloy 
A. Czabaniuk, THA/ERG 
Fairfax QA Files 
Document Control 



f"AR tin. 1 of 5 
EXBIBIT A 

- CORRECTIVE ACTION REQUEST --

-----------,----------------------------------~-------------------------------(To be completed by corrective action request originator.) 

Name: White Sands TMA/ERG Audit Date: 06/04/91 

Contract/Task No: EMO/White Sands Task Manager: P. Karas 
--~~~---------

Description of problem and date identified: Temperature of sample coolers 

and general condition of coolers, sample containers, and any problems are 

not recorded. {05/02/91) 

Submit this form to task manager and OA Manager immediately. 

=--------~--------------~--~..------------------(To be completed by QA Manager.) ~ 
Significant Condition Adverse to Quality? Yes /~ 

Responsible for Action: A. CzabaniUk I TMA Response Due: 06/27/91 

-------------~---------------------------------------------------------------

WJ1/ li/~, z,.. n :~.t/...147 n.,Dn u. • · 
State root cause of problem (required for all significant conditions 
adverse to quality): 

Signature: Date: r,{ v:/'11 
(To be completed by QA Manap;er. 1 ' a 

-· 

)'; · /1 ,.c :il I / 
Corrective Action Accepted: o{_~ \./ ti~>-- Date: 7 :3/ :Cfl 

I 

Follov-up Dates: 
/l 'l //") : I I . 

CA Verified By: .__.··~(>'; £:-~ Date: 7/Jt/q ( 
--~~~~~,~~~== ------------------------------~--------------------------------------------cc: ORIGINATOR: see distribution list QA COORDINATOR: 

TASK MANAGER: QA MANAGER: 
PROGllAH MANAGER: 

• I 

~ ,·,.:1 /1/. 
I 

·~ 

;)o-:J 
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BJBIBIT A 

- CORRECTIVE ACTIOH REQUEST --

=------------------------------------------- ----------------------------[To be completed by corrective action request originator.] 

Date: 06/04/91 Name: WMte Sands TMA/ERG Audit 

Contract/Task No: EMO/White Sands Task Manager: ..:.P..:..-!:l:Ka=.:r~a~s:.__ ___ _ 

Description of problem and date identified: No provision for recording the 
,. 

signatures/dates of personnel accepting/relinquishing the custody of 

explosives extracts. (05/02/91) 

Submit this form to task manager and OA Manager immediately. 

xwwwwwwa ==--------------------------------------------••••••••• -----[To be completed by QA Manager.) ~ 
Significant Condition Adverse to Quality? Yes /~ 

Responsible for Action: A. Czabaniauk I TMA Response Due: 06/21/91 

=------- -------------·- ·----------------------~--------[To be completed by the responsible person. Attach additional pages as 
required. Include evidence that corrective action p~s been implemented) 

~Corrective Action Taken or Planned and Date: (j, fii,J,f H t~-51P/r 
Yf)(, ufvrL hr /o'$/y~ it? ~ t/rr(nff. pun Jy/~r_t/ tl1t ,{ 

State root cause of problem (required for all significant conditions 
adverse to quality): 

Slgnature:'=M &~1t L -----(To be completed by OA ManaRer.~ ! 

. j j • 11 ,() d ;J 
Corrective Action Accepted: (Xy~'< t,-.• ,..~ 

/ 
Follov-up Dates: · 

CA Verified By: cL~J (9. ~ Date: 

Date: 

I I 

7/Jt/11 

---

=--------------------------------------------------------------------------cc: ORIGINATOR: see djstrjbutioD Jjst OA COORDINATOR: 
TASK MANAGER: QA MANAGER: 
PROGRAM MANAGER: 

.JrcJ c ~ J i;{Y~ 
! . r~c "'"'d 7_/;c/11 

Jti:J 
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UIIIBIT A 

- CORRECTIVE ACl'ION REQUEST 

-----------------------~--------~----------------------------------------------(To be completed by corrective action request originator.) 

Name: WMte Sands TMA/ERG Audit Date: 06/04/91 

Contract/Task No: EMO/White Sands Task Manager: ..;.P..;.._K:.;;a;;.;r...;:a;.::;s ____ _ 

Description of problem and date identified: Instrument run logs do not 

contain sufficient infonnation concerning ·time of analysis and discussion 

of problems and corrective actions. (05/02/91) 

Submit this form to task manager and OA Manager immediately. 2------------------------- L -- . .,....~-----------------------------
{To be completed by OA Manager.) 
Significant Condition Adverse to Quality? Yes /~ 

Responsible for Action: A. Czabaniuk Response Due: 06/27/91 

=----------------------- nnw._.. ........ ~--------••-----··---·--• 
[To be completed by the responsible person. Attach additional pages as 
required. Include evidence that corrective action has been implemented) 

Correeti7e Aeti~ ~alten ~r Planned• and Date: ;{h~/rv':'~ 1{,. w,//-
Ulnf411f "ivf!f,r.,su,f-Jhj!pn aJ,~ CtJncV"lti-1 /I~ f 4hA.~ ~ 

State root cause of problem (required for all significant conditions 
adverse to quality): 

Signature: =- -----------------------~---(To b~ completed by OA Manager_., 1 
1

{) / 

Corrective Action Accepted: /'\~ ....., - ~.._. Date: 
I. 

Follov-up Dates: · 

---

( " -( .I j 
CA Verified By: p{y~ ~··,fA~ Date: _._7_!_0_;_/_q_l __ _ 
-----------------------------------------------------------------------------cc: ORIGINATOR: see distributiOIY list O.A COORDINATOR: 

TASK MANAGER: QA MANAGER: 
PROGRAM MANAGER: 

~ 06jec.-f;v< 
;-f!<:.e;v~J. 

~v;dl'~( t: 

?l_;,/4 t, 
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KIBIBIT A 

- CORRECTIVB ACfiON REQUEST 

---------------------------------------------------------------------- ----(To be completed by corrective action request originator.] 

Name: Whjte Sands JMA/ERG Audjt 

Contract/Task No: EHO/White Sands 

Date: 06/04/91 

Task Manager: LP ..... ...JK~Uaur..~~ai..Ois.__ ____ _ 

Description of problem and date identified: Balances not calibrated dajly. 

No documentation that weights are •cJass s•. (05/02/91) 

Submit this form to task manager and OA Manager immediately. 

----------~-~--·----------··-----------------------~-----------------------------[To be completed by QA Manager.) ~ 
Significant Condition Adverse to Quality? Yes /~ 

Responsible for Action: A. Czabaniuk Response Due: 06/27/91 =----- www 
• m -----~.-:------------------------

(To be completed by the responsible person. Attach additional pages as 
required. Include evidence that corrective action has been implemented) 

-¥ Corrective Action Taken or Planned and Date: $tJ..!Anl..L.~ Al_~l n1W 

b''•J fi/<J,jrAid JA,~. C/A£6 ~ ~~~?'~ l).,t.. orle-rJ. 

State root cause of problem (required for all significant conditions 
adverse to quality): 

Signature: ;:Jf ~i-t Date: r,/zJrJ 
-- -- -------------------------------~--~-~-~-=--:::::.:.::. =----

(To be completed by OA Hanap;er. J-\ . .. / / , 
f ,: { ,fJ · 1 I 

Corrective Action Accepted: ,'~l/\· (I· ~-.._ 
//' 

Follow-up Dates: 

Date: 

•••••---•wwwwwwwawwwwwwwaaawwwwa• ••••••mwaww•••--•--=••=••----wwwwmwwa--
CC: ORIGINATOR: see distributionv]ist OA COORDINATOR: 

TASK MANAGER: QA MANAGER: 
PROGRAM MANAGER: 

·7<--



EXHIBIT A 
-CORRECTIVE ACriON REQUEST 

r AR tin. 5 of 5 

---------------- ----------------------------------~----------------------[To be completed by corrective action request originator.) 

Name: White Sands JMA/ERG Audjt 

Contract/Task No: EMO/White Sands 

Date: 06/04/91 

Task Manager: ~p~·~K=a~r~a~s ________ _ 

Description of problem and date identified: No current written procedure 

describing the frequency, extent, and documentation requirements for 

internal data review. (05/02/91) 

Submit this form to task manager and OA Manager immediately. 
•••--•-•• .. w .. w_w _____ •• ., ......... ,--------··----~·-----------------•••••--·-----•-•• 

[To be completed by OA Manager.) ~ 
Significant Condition Adverse to Quality? Yes /~ 

Responsible for Action: A. Czabaniuk Response Due: 06/27/91 
=~- ------ --------------------------------------------[To be completed by the responsible person. Attach additional pages as 
required. Include evidence that corrective action has been implement~ 

Corrective Action Taken or Planned and Date: A· ~·J-MJA.r/ 4' .t.rh-hn r 

cfttl-h rt-v'~1 '~:1 ~~ -1-ht- ctfr-~/-1-·s~ It~ tJ ~ tlvui'/ 
~n/ LM> bun t. r "'!~- V '1f th' (( ~ U. 

State root cause of problem (required for all significant conditions 
adverse to quality): 

Signatures Date: G? -Z...) -1/ 
- -· -----------------~----------------------[To be completed by OA Mana~ter.),.. . , l 

I /() :I ,, 

Corrective Action Accepted: :')~~~ L>. _1,.~'~ Date: 
. ' 
/ 

Follov-up Dates: -
~~ ,/~ uz::= .• · I '/ • 

CA Verified By: ~~ r < Date: z/"i t/'rt 
-----------~-----------------~---------------------------------------->' 

cc: ORIGINATOR: see distribution list OA COORDINATOR: 
TASK MANAGER: QA MANAGER: 
PROGRAM MANAGER: 
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APPENDIXE 

FIELD AND LABORATORY OA/QC 

Field and laboratory QA/QC procedures followed the requirements of the following 

governing documents: 

Quality Assurance Project Plan (QAPjP) FPC, August 1990 

- Field Activities Quality Assurance Project Plan (FAQAPjP) FPC, February 1991 

- FPC EMO Quality Asssurance Program Plan (QAPP) FPC, June 1990 

Sampling and Analysis Plan (SAP) FPC, February 1991 

Deviations from procedures outlined in these documents were recorded in field or lab 

notebooks and are discussed in this appendix. 

E.1 FIELD ACTIVITIES QA/QC 

Several minor changes for deviations were made from procedures defmed in the 

governing documents for field activities. These changes did not materially effect the results 

or reliability of data generated. 

Instruments utilized in the field during investigations at the two sites included survey 

equipment used by Scanlon White Associates staff (FPC's subcontractor for topographic 

survey work), geophysical instruments used by personnel from Blackhawk Geosciences Inc. 

(FPC's subcontractor for geophysical investigations), and monitoring equipment operated by 

FPC field personnel. Subcontractors to FPC were required to maintain and calibrate their 

equipment according to manufacturer's recommendations. Maintenance and calibration 

procedures for equipment operated by FPC staff were provided in Appendix A of the SAP. 



Guidelines for instrument use and calibration were followed with the exception of one 

case. The HNU PI-101 photo ionization detector (PID) experienced a malfunction during the 

start up of work at the Red Rio site (April 23, 1991). The SAP and Health and Safety Plan 

required periodic monitoring of working levels for volatile organic compounds and soil 

sample screening during subsurface excavations using the HNU PID. It was decided, in 

consultation with EMO and USATHAMA representatives on-site, to deviate from the 

procedures outlined in the governing documents. This change was documented in the field 

notes. Trench WSRR-05 was excavated in a background location without the benefit of 

HNU PID monitoring. Special precautions were taken to ensure the safety of site personnel. 

EOD personnel were instructed to immediately cease excavation activities if any unusual odor 

or material was noted. The instrument was repaired the same evening and approved written 

procedures for use and calibration of the HNU PID were implemented on the following day. 

Sampling QC procedures were implemented as described in the governing documents 

with one clarification. The SAP stated that sampling equipment would be decontaminated 

before and after use. This statement would, in effect, require double decontamination of 

sampling equipment, which was not the intent of the document. In the field, it was 

determined that a single decontamination step following tlie collection of each sample would 

be adequate. This determination was made in consultation with EMO staff on-site and 

documented in the field notes. Equipment was wrapped in aluminum foil to indicate that it 

had been cleaned, with the exception of the backhoe bucket. The backhoe bucket was 

decontaminated following sampling and left at the decontamination pad until needed. 

Sampling locations were selected as described in the SAP with one exception. The SAP 

indicates that background sampling locations will be 1, 000 feet from the nearest suspected 

buried wastes. Satisfying this requirement in the field proved difficult because of access 

restrictions to background locations. Topography and vegetation limited access by the 

backhoe to sampling sites meeting the stated criteria. Background sampling locations 

selected at the Oscura and Red Rio sites were placed at approximate distances of 200 feet 

and 350 feet, respectively, from the nearest buried wastes. 



E.2 LABORATORY ONOC 

Several issues pertinent to laboratory QA/QC for this project are discussed in this 

section. These issues are: (1) changes made to laboratory data quality objectives (DQOs), 

(2) problems identified during data validation, and (3) precision, accuracy, representativeness 

and comparability of the data. 

E.2.1 Laboratory DOOs 

Several changes were made to the DQO tables in the FAQPjP to improve consistency 

with the standard EPA and USATHAMA methods. These changes included the following: 

• Moving the precision and accuracy criteria from hexachlorobenzene to 
pentachlorophenol under semivolatile compound analyses. These values were 
entered on the wrong line during development of the DQO table. 

• Spike recovery control limits for metals analyses were actually 75-125% in the 
respective EPA methods rather than the 75-100% range established in the DQO 
table. 

• Relative percent difference and spike recovery limits for explosives analyses were 
25% and 60-130%, respectively, for both water and soil samples. Spike recovery 
limits presented in the DQO table were appropriate only for analysis of laboratory 
certification samples. 

E.2.2 Data Quality 

In general, laboratory data quality met specified QA/QC criteria. Problems identified 

during FPC's data validation can be divided into three general categories: 1) transcription 

and calculation errors, 2) missing information, and 3) missed holding times. Each of these 

problems was satisfactorily resolved by the laboratory. A discussion of these problems as 

well as an evaluation of the data are discussed in this section. 



Transcription errors were noted in sample identification cross-referenced tables for 

metals and semivolatile analyses and on explosives analyses reports. Examples include 

substitution of the letter S for the number five (5) and replacement of the inches notation for 

(")with that for feet('). Due to the fact that each sample is also designated by a unique date 

and time, no ambiguity exists in the identification of sample results. As a result the 

laboratory has provided corrected sample identification cross-referenced tables for the metals 

and semivolatile analyses data package. Corrections to the explosives analysis reports were 

made by hand by FPC data validation staff. 

Calculation errors were identified in the laboratory determination of values for percent 

recovery and relative percent differences. Recalculation of these values had a limited impact 

on the number of analytes with QC analyses results outside control limits. The laboratory 

provided corrected data sheets where these problems occurred. 

Some information necessary for data validation was missing from several data packages. 

Missing information included date of analysis for metals analyses and lacking discussion 

regarding QC analyses outside control limits in the case narratives. All information missing 

from the laboratory analysis packages was provided by tlie laboratory. 

Maximum sample holding times specified in the standard laboratory methods were 

exceeded in only one semivolatile sample analysis. Subsurface soil sample 

WSOR-SUB-08-0-10' was subject to the extraction procedure 24 days after collection. The 

laboratory method specifies a maximum holding time of 14 days prior to extraction. 

Analytical results from this sample were consistent with other subsurface soil samples 

collected at the same location. All three subsurface soil samples from Trench 07 were 

reanalyzed for semivolatiles after spiked compound recoveries were detected at higher 

concentrations than expected. The data from the reanalyses, analyzed after holding times had 

expired, generally agreed with the original numbers. 



E.2.3 Precision 

Precision of laboratory analytical methods was evaluated as part of FPC data validation 

efforts. Within each sample group or data package, precision was quantitatively determined 

for each analysis type (metals, explosives, semivolatile). RPD values for matrix spikes and 

matrix spike duplicates were checked against control limits established in DQO tables in the 

QAPjP (see discussion of laboratory analysis DQOs earlier in this section). Findings for 

these evaluations are presented in this section. 

Most RPD values for metals analyses were within control limits. Isolated precision 

problems were experienced with antimony (3 sample groups of 6 outside control limits) 

thallium (2 sample groups of 6), as well as nickel, barium, lead, and selenium (1 sample 

group of 6 outside control limits for each analyte). All other RPD values for matrix spike 

duplicates were acceptable. Laboratory duplicates of unspiked site samples also occasionally 

exceeded matrix spike RPD limits. Examples include copper (2 cases), and chromium, 

nickel, lead, zinc, barium, and silver (1 case each). Concentrations of these metals in site 

samples were closer to detection limits than in spike samples and sample variability probably 

had a greater impact on RPD values. 

Precision values were all within control limits for explosives analysis of soil samples. 

USA THAMA methods for explosives require matrix spike duplicates for high level 

(40-100 mg/kg) spikes only. Precision of low level spikes cannot be evaluated. Water 

sample analyses, in contrast, experienced numerous precision problems. RPD values for 

high level spikes of HMX and RDX in water exceeded control limits in both samples 

(decontamination rinsate samples). In one sample group, all six explosives analytes had RPD 

values outside control limits. However, precision of these water analyses is not considered 

critical as explosives were detected in only one soil sample from the Oscura site. The 

purpose of decontamination rinsate samples is to evaluate the potential for cross

contamination between samples. No site sample data for explosives suggest the possibility of 

cross-contamination. 



Precision of semivolatile analyses was generally acceptable. RPD values for each of six 

analytes (pentachlorophenol, 1,4-dichlorobenzene, 1,2,4-trichlorobenzene, acenaphthalene, 

4-nitrophenol, and 4-chloro-3-methylphenol), exceeded control limits in 1 sample group out 

of 6. None of these analytes were detected in site samples. 

E.2.4 Accuracy 

Accuracy of laboratory analytical methods was assessed for each analysis type in each 

sample group. Calculated percent recovery for each anaiyte in matrix spike samples was 

evaluated against established DQOs. Control limits for percent recovery values were 

presented in the QAPjP and discussed earlier in Section 4.0. Compliance with these control 

limits is discussed in this section. 

Metals analyses experienced isolated accuracy problems with a few analytes and more 

persistent problems with several others. Percent recovery of nickel, lead, and thallium from 

matrix spike samples were each out of control limits once in the six sample groups. Barium 

had similar accuracy problems on two occasions. Examples of analytes with more persistent 

accuracy problems include antimony (outside QC limits iii 6 of 6 cases) selenium (5 of 6 

sample groups), and silver (5 of 6 samples groups). Accuracy problems for each of the 

analytes listed above were the result of low spike recovery values. In each case a "post

extraction" spike was analyzed, typically with more acceptable results. Data for the post

extraction spikes suggested that a matrix interference was occurring during the extraction 

process. Some spiked metals appeared to be retained in the sample matrix rather than 

partitioning to the digestate, possibly due to complexing with matrix ions. However, given 

the consistency of percent recovery in matrix spikes, and the acceptable precision values for 

these metals, the analytical data are still considered usable. In each case where accuracy 

criteria were not met, reported concentrations of those metals were flagged as estimated 

values within this report. 



Accuracy of explosives analyses in soils met required QC criteria in all sample groups. 

For water analyses, the low concentration matrix spike of a single analyte, tetryl, had a low 

recovery value. As the only water samples analyzed were decontamination rinsate samples, 

this isolated accuracy problem is not considered significant. 

Semivolatile organic analyses met accuracy criteria in all but two cases. In a matrix 

spike of a soil sample, recovery for pentachlorophenol was just below control limits. In a 

separate sample group, a water sample spike had low recovery values for 1,4-

dichlorobenzene and 1,2,4-trichlorobenzene. In both instances, matrix spike duplicates had 

similar recoveries suggesting a possible matrix effect. 

E.2.5 Re,presentativeness and Comparability 

Representativeness and comparability can be described in qualitative terms only. Use of 

standardized field and laboratory procedures was required by the F AQAPjP and SAP. In this 

way, representativeness and comparability of each data set was maximized. 

Sampling method and sample locations were designated to ensure that representative data 

was collected. Surface soil samples were collected based on a grid system to provide 

random, unbiased data in an area of potential contamination. Subsurface soil samples were 

collected at predetermined depths to provide unbiased information on potential contamination 

in these areas. Biased grab samples were collected . when waste materials were encountered 

according to predetermined criteria. These biased samples provided data representative of 

materials most likely to contain contaminants. 

Representativeness can be assessed by the evaluation of co-located sample results. Co

located samples results are summarized in Section 4.2.1. In general, these sample results 

indicated that sample data was representative of conditions at a single sample point (discrete 

samples), or of areas sampled (composite samples). The identification of 2,4-DNT in one 

co-located sample and not the original sample from the Oscura site suggested a possible 



problem with representativeness. However, based on the fact that 2,4-DNT was not detected 

in any other site samples, it was likely that this contaminant was present only in one or more 

isolated locations at the Oscura site. Accepting this hypothesis, both the original and 

co-located samples were representative of site conditions within the area sampled. 

Comparability of the data collected at the two White Sands sites was considered to be 

satisfactory. This assessment of comparability was based on the consistency of method used 

for field and laboratory procedures and the similar levels of accuracy and precision achieved 

throughout the project. 



APPENDIXF 

FIELD NOTES 
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CURVE TABLES 

HOW TO USE CURVE TABLES 
Table I. contains Tangents and Externals to a 1 o curve. Tan. aM 

Ext. to any other radius may be found nearly enough, by dividing the Tan. 
or Ext. opposite the given Central Angle by the given degree of curve. 

To find Deg. of Curve, having the Central Anglt> and Tangent: 
Divide Tan. opposite the given Central Angle by the given Tangent. 

To find Deg. of Curve, having the Central Angle and External: 
Divide Ext. opposite the given Central Angle by the given External. 

To lind Nat. Tan. and Nat. Ex. Sec. for any angle bf Table I.: Ta&n. 
or Ext. of twice the given angle divided by the radius o a 1 o curve will 
be the Nat. Tan. or Nat. Ex. Sec. 

EXAMPLE 
Wanted a Curve with an Ext. of about 1:.! ft. Angle 

of Intersection or I. P. •23° 20' to the R. at Station 
642+72. 

Ext. in Tab. 1 opposite 23" 20' a 120.8i 
120.87+12•t0.07. Say a to• Curve. 
Tan. in Tab. I opp. 23" 20' =1183.t 

1183.t +tO -118.31. 
Correction for A. 23" 20' for a to• Cur. •0.16 
1t8.3t +O.t6 •118.47 •corrected Tangent. 

(If corrected Ext. is r~uired find in same way) 
Ang. 23° 20' -23.33 +t0•2.3333 = L. C. 

2" 19j'adef. for sta. 542 I. P. =sta. 542+72 
4° 49!'- " " " +50 Tan. • t . 18.47 
;• 19!'- • • • 543 
9• 491,_ • •" +50 B.C.•sta. 54t+53.53 

tt• 40' - " • • 543 + L. c. - --~ . 33.33 
86.86 E. C. =Sta. 543 +86.86 

l<l0-53 .. ~:! = 4tl.47 X3'(def. for 1 ft. of to• Cur.) =139.41'-
2" t9j' =de£. for sta. 542. 

DeC. for SO ft. =2° 30' for a to• Curve. 
Def. for 36.86 ft.= 1° 50t' for a to• Curve. 
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APPENDIX G 

SUPPLEMENTAL RISK ASSESSMENT INFORMATION 



APPENDIX G 

SUPPLEMENTAL RISK ASSESSMENT INFORMATION 

G .1 TOXICITY PROFILES 

The contaminants of concern are selected to provide a focus for the assessment of risk 

and to identify the principal chemicals contributing to risk at the sites. To assess the risk 

associated with exposure to the contaminants of concern, it is necessary to determine the 

hazards that are unique to these substances. The IRIS Data Base and Hazardous Substance 

data base (HSDB 1991) were used as resources to define potential human health hazards of 

these substances. The toxicity profiles in this section provide a summary of those hazards 

for the following contaminants. 

• Antimony. 

• Cadmium. 

• Zinc. 

• 2,4-Dinitrotoluene 

G .1.1 Antimony 

Chemical and Physical Properties 

Chemical Name: Antimony 

CAS Registry Number: 7440-36-0 

Boiling Point: 1750° C 

Melting Point: 630.7° C 

Molecule Symbol: Sb 

Molecular Weight: 121.75 units 

Water Solubility: Insoluble 



Introduction 

Antimony is used in alloys of metals and in the manufacturing of fireproofing chemicals, 

ceramics, glassware, and pigments. 

Metabolism 

Antimony is absorbed in the respiratory and gastrointestinal tracts. Upon absorption, 

trivalent antimony concentrates in the liver and the red blood cells. Pentavalent antimony 

concentrates in the plasma. Both forms are excreted in feces and urine, with trivalent 

antimony at greater concentrations in the urine and pentavalent antimony at greater 

concentrations in the feces. 

Toxicity 

Ingestion of antimony may result in severe gastrointestinitis including vomiting and 

diarrhea. Inhalation of dust containing antimony compounds can result in inflammation of 

the nasal passages and pulmonary edema, cardiovascular changes may also occur with 

exposure to antimony, tri- or pentavalent antimonial compounds. Observations of cardiac 

edema, myocardial fibrosis, and other signs of myocardial damage indicates that antimony 

exposure may produce permanent myocardial damage in humans (Clement Assoc. 1985). 

Chronic exposure to antimony compounds can result in inflammation of the nasal 

passages, pharyngitis, tracheitis, and over the long term, bronchitis and eventually 

obstructive lung disease and emphySema (Doull et. al. 1986). Antimony production has been 

associated with an increase in lung cancer in exposed workers. 

The USEPA Reference Dose (RID) values is based on a study performed by Schroeder ,, 

(1970). Subjects were dosed with potassium antimony at a concentration of 5 ppm. Growth 

rates were not affected but treated males and females survived 106 and 107 fewer days, 

respectively, than controls. Cholesterol levels in both treated sexes were altered and glucose 

levels and mean Heart weight decreased in treated males. No increase in tumors was seen as 

a result of treatment. Since only one dose was administered a No Observed Adverse Effect 



Level (NOAEL) was not established but the Lowest Observed Adverse Effect Level 

(LOAEL) was determined to be 0.35 mg/kg/day (IRIS 1991). As a result of this study, an 

RID value of 4E-4 mg/kg/day was established (IRIS 1991). 

Carcinogenicity 

Antimony is classified as a Class D compound. 

Mutagenicity 

Increased chromosome defects were observed when human lymphocytes are incubated 

with soluble antimony salt (Doull et. al. 1986). Several studies in bacterial test systems 

report that some antimony compounds including trioxide and tri- and pentachloride may be 

mutagenic (Clement Associates 1985). 

Teratogenicity 

Clement Associates (1985) reported that impairment to the female reproductive system 

has been associated with exposure to antimonial compounds. Female workers exposed to 

metallic antimony dust, antimony tri- and pentaoxide had increased incidence of 

gynecological disorders and late spontaneous abortions. Antimony was found in the breast 

milk, placental tissue, amniotic fluid, and blood of the umbilical cord in exposed workers. 

Decreased weight gain was also observed in children of workers exposed to antimony. 

Similar effects were shown in animal studies with treated rats (Doull et. al. 1986). 

G.1.2 Cadmium 

Chemical and Physical Properties 

CAS Registry Number: 7440-43-9 

Molecule Symbol: Cd 

Molecular Weight: 112.41 units 

Boiling Point: 765° C 

Melting Point: 320° C 

Water Solubility: Slightly Soluble 



Introduction 

Cadmium is a naturally occurring element which is used in electroplating, as a color 

pigment in paints and as a minor ingredient in fertilizers. Cadmium occurs naturally in 

ground and surface waters at concentrations ranging from 1 to 10 p.g/1 (NAS 1977). The 

compound is readily absorbed by plant and animal life. 

Metabolism 

Cadmium is absorbed by the gastrointestinal tract at a concentration rate of 5 to 8% 

(Flanagan et al. 1978) while the pulmonary absorption rate has been estimated to between 15 

and 30% (Dom 1976). 

Absorbed cadmium is transported in blood bound to the red blood cells and in plasma 

proteins such as albumin. (Doull et al. 1986). A minimal fraction is said to be transported 

in the blood by metallothione (Doull et al. 1986). The principal fraction of absorbed 

cadmium is stored in the kidney and liver for periods of up to 30 years (Doull et al. 1986). 

Toxicity 

Cadmium salts are highly toxic. Inhalation of dust or fumes may cause upper 

respiratory irritation, headaches, nausea, vomiting, pneumonitis, and death. Ingestion may 

cause nausea, vomiting, abdominal pain, renal dysfunction, and anemia. 

Acute inhalatory exposure of cadmium fumes at concentrations which range from 0.5 to 

2.5 mg/m3 have been reported to effect transitory pneumonitis (Lauwerys et al. 1974). 

Fatalities have been reported at concentrations of 9 mg/m3 after one hour exposure. 

In addition to pulmonary involvement, cadmium has significant effects on the kidney. 

Renal tubular neuropathy is widely reported to occur when the cadmium concentration 

reaches a level of 200 mg/g in the kidney (Lauwerys et al. 1974; Friberg et al. 1974). 

The estimated LOAEL is 200 mg Cd/g tissue (level for evidence of renal dysfunction). 



The EPA has estimated the LOAEL for cadmium to be 228 mg/day. The EPA findings 

were based on Friberg (USEPA 1984) observations of humans who had been exposed to 

cadmium at concentrations of 228 mg/day to 350 mg for periods from 50 years to a lifetime. 

The subjects symptoms included dizziness and renal dysfunction. The USEP A has 

established a Oral RID value of 5.0E-04 for cadmium (IRIS 1991). 

Carcinogenicity 

Chronic feeding studies with cadmium sulfate were performed by Levy et al. (1975). 

Fifty Swiss male mice were administered cadmium doses of 0.44, 0.88 or 1.75 mg/kg for a 

period of 18 months. No significant differences were observed in tumor incidence between 

treated and control subjects. 

Additional feeding studies were performed by Schroeder et al., (1965) and Levy and 

Clark (1975) with CB Hooded and Long-Evans rats. No significant differences were 

observed in total tumor incidence rate between treated and control groups. 

Inhalation studies were performed by Takenaka et al. (1983). The male Wistar rats 

were exposed to cadmium concentrations of 50.8, 25.7 arid/or 13.4 p.g/m3 for a period of 18 

months. Subjects were kept an additional period of thirteen months before sacrifice. A dose 

related increase in lung tumors was observed. 

The USEPA (1984) evaluated the animal data and classified cadmium as a Group B1 

probable human carcinogenic via inhalation. 

Mutagenicity 

Cadmium has been tested extensively for metagenetic potential. The results are very 

mixed (USEPA 1984). The results of studies using plant species have been generally 

positive with observed chromosomal aberrations (USEPA 1984). Human exposures however 

have produced equivocal results (USEPA 1984). 



Teratogenicity 

Rats were administered 0.1 mg/1 cadmium in water for 90 days. No reproductive 

effects were observed (Dixon et al. 1976). Studies by Schroeder and Mitchner (1971) at 

dose levels of 10 mg/1 cadmium did effect teratogenic and reproduction responses with the 

subject rodent. The subjects exhibited decreased fertility, decreased growth, young deaths 

and caused deformity in a three generation study. 

G.1.3 Zinc 

Chemical and Physical Properties of Zinc 

CAS Registry Number: 7440-66-6 

Molecule Symbol: Zn 

Molecular Weight: 65.38 g/mol 

Boiling Point: 907° C 

Melting Point: 419.6° C 

Water Solubility: Insoluble 

Introduction 

Zinc is a malleable, flexible metal and a good conductor of electricity. Zinc is also 

essential to human health in small amounts. 

Metabolism 

Absorption of zinc by the gastrointestinal (GI) tract is variable in animals and poor in 

humans. Zinc is absorbed primarily in the duodenum. Clayton et al. (1981; 1982) reported 

that only a small amount of zinc is absorbed and stored in tissues of animals. The primary 

sites of storage are in the liver and pancreas. Osol and Hamilton (IRIS 1991) reported that 

zinc can readily bind to groups of proteins, amino acids and other organic molecules. 

Friberg et al. (1986) reported that regulation of zinc input and output takes place in the 

intestine. Animal studies suggest that metallothionein, a cytoplasmic metalloprotein, has a 



role in maintaining zinc equilibrium in the body. Inhalation of zinc fumes may result in a 

transient accumulation in the lungs before absorption into the blood. Zinc is primarily 

excreted in the feces, in an amount approximately equal to the amount administered. 

Toxicity 

Metal fume fever is the most significant effect of inhalation of zinc oxide fumes. 

Attacks usually begin 4 to 8 hours after exposure. Symptoms include chills and fever, 

profuse sweating and weakness. Attacks usually only last 24 to 48 hours after exposure. 

Zinc salts are corrosive to the skin, and irritating to the GI tract. Ingestion of zinc salts 

induces nausea and vomiting. Bai et al. (1980) administered zinc phosphide at doses of 0, 

50, 100, 200 and 500 ppm t~ female rats. In rats dosed at 200 or 500 ppm there was 

approximately 8 and 83% mortality, respectively. Histopathological lesions accompanied 

with increased liver, kidney and brain weights were only observed in rats in the 200 and 500 

ppm doses. Food intake and bodily weight significantly decreased in all exposed rats, 

indicating a dose-response susceptibility to zinc phosphide dosed at 50 and 100 ppm. 

Extensive hair loss was seen in those rats exposed to 50 and 100 ppm doses. Hair growth 

returned to normal after week 6 in those rats exposed to the 50 ppm dose. Therefore, 50 

ppm (3.48 mg/kg/day) is considered the LOAEL. 

Carcinogenicity 

The USEPA has classified zinc as a Group D compound. 

Mutagenicity 

There are no data to support the mutagenic potential of zinc. 

Teratogenicity 

There are no data to support the teratogenetic potential of zinc. 



G.l.4 2.4-Dinitrotoluene 

Chemical and Physical Properties 

CAS Registry Number: 121-14-2 

Molecule Symbol: 2,4-DNT 

Molecular Weight: 182.1 units 

Boiling Point: 270° C 

Melting Point: 70° C 

Water Solubility: Insoluble 

Introduction 

2,4-Dinitrotoluene (2,4-DNT) is used in the manufacturing of azo dyes, plasticizers, 

explosives, and as a propellant additive. 

Metabolism 

Absorption of 2,4-DNT is primarily in the blood, liver and cardiovascular system. 

2,4-DNT can affect the body if it is inhaled, comes in contact with the eyes or skin, 

ingested, or is readily absorbed through the skin. 

Toxicity 

2,4-DNT absorption, whether from inhalation of the vapor or absorption of the solid 

through skin, causes anoxia due to the formation of methemoglobin. Jaundice and anemia 

have been reported. Signs and symptoms of overexposure are due to the loss of oxygen 

carrying capacity of the blood. At methemoglobin concentrations of over 40% their usually 

is weakness and dizziness; at up to 70% concentrations there may be ataxia, dyspnea on mild 

exertion, tachycardia, nausea, vomiting and drowsiness (HSDB 1991). 

Carcinogenicity 

2,4-DNT is a class B2 probable human carcinogen. 



The United States Army set a drinking water limit of 1.1 p.g/L for DNT in response to 

groundwater contamination resulting from practices at two Army munitions plants (Rosenblatt 

and Smal11988). The chronic Lowest Observed Effect Level (LOEL) for 2,4-DNT designed 

to protect aquatic life is 230 p.g/L (EPA 1986). The USEPA established an oral cancer 

potency slope factor for 2,4-DNT of 6.8 X 10-1 (mg/kg/day) (HEAST 1991). 

Mutagenicity 

Data is insufficient to determine mutagenetic potential of 2,4-DNT. 

Tetratogenicity 

NIOSH recommends that 2,4-DNT be regarded as a potential human carcinogen and a 

possible inducer of adverse reproductive effects (HSDB 1991). 

G.2 ENVIRONMENTAL FATE AND TRANSPORT 

Fate and transport profiles have been provided on the selected COC. The profiles serve 

as a tool to predict the persistence of the COC within the surveyed medium, and to predict 

the future migration of these contaminants to air, subsurface soil, and groundwater. 

Antimony is a naturally occurring element which is found in the environment in four 

different valance states: -3, 0, +3, and +5 (Clement Assoc. 1985). The substance is 

soluble in natural water as antimonide, a soluble oxide. The substance is normally quite 

mobile, but is known to readily sorb to clays and minerals. Antimony adsorbs to sediments 

in a reducing environment and will remobilize to the aqueous medium under oxidizing 

conditions. 

Cadmium is a naturally occurring element which is used in the plating industry, paint and 

coating industry, and in fungicide production. Cadmium is somewhat soluble in the aquatic 

environment and is removed from the aquatic medium by organic and inorganic complexes. 

Information on cadmium migration in soil is limited; however, cadmium is expected to move 

slowly through sandy soils but has the tendency to readily sorb to organic matter. 



Zinc is a naturally occurring element which is found in both suspended and dissolved forms. 

Zinc is an essential nutrient for human metabolism and is readily bioaccumulated in both 

animal and plant tissue. The substance is used as a component of lubricating oils and 

pesticide products. 

The fate of zinc in an aerobic aquatic system includes sorption to clay and organic 

material. Zinc tends to adsorb in waters with higher pHs while it desorbs in acidic aquatic 

conditions. Zinc compounds are, for the most part, soluble in surface water conditions with 

neutral or acidic pHs and in low organic content soils (Ciement Assoc. 1985). 

2.4-Dinitrotoluene (2,4-DNT) is used as a propellant additive and in explosives and may also 

occur in the environment as an intermediate product in the degradation of trinitrotoluene. In 

soil, 2,4-DNT will be slightly mobile based on aqueous biodegradation tests. 2,4-DNT may 

biodegrade in both aerobic and anaerobic zones of soil. 2,4-DNT in water will not 

bioconcentrate significantly and will have a slight tendency to partition to suspended and 

sediment organic matter (HSDB 1991). 


