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EXECUTIVE SUMMARY 

E.1 INTRODUCTION 

E.1.1 Purpose 

The Technical Area 49 (TA-49) work plan, as part of the Los Alamos National 
Laboratory's Environmental Restoration (ER) Program, is designed to serve two 
purposes: 

• 

• 

satisfy the regulatory requirements of the Hazardous and Solid 
Waste Amendment (HSWA) Module VIII of the Laboratory's 
Resource Conservation and Recovery Act (RCRA) Part B 
operating permit, and 

serve as the field characterization plan for personnel who will 
implement the RCRA Field Investigation (RFI). Results from 
the RFI will lead to a decision about the necessity for a 
Corrective Measures Study (CMS). 

Module VIII of the RCRA permit was issued by the Environmental Protection 
Agency (EPA) to address the Department of Energy's (DOE's) Environmental 
Restoration Program. The Laboratory's ER program is consistent with not only 
RCRA requirements, but also the requirements of the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA). 

E.1.2 HSWA Requirements 

The TA-49 RFI work plan is designed to meet scheduled requirements of 
Module VIII that address a certain percentage of the Laboratory's solid waste 
management units (SWMUs; that is, potential release sites) in an RFI work plan 
to be submitted to the E~A and the New Mexico Environment Department 
(NMED) by May 23, 1992. The TA-49 work plan thus contributes to the 
Laboratory's commitment to address cumulative totals of 35% of Table A 
SWMUs and 55% of Table B SWMUs by May 1992, as required by the HSWA 
Module. 

Although the TA-49 work plan addresses only two of the 603 SWMUs listed in 
the HSWA Module, it should be noted that a single TA-49 SWMU [49-001, 
Materials Disposal Area AB (MDA AB)], was estimated in 1986 to contain over 
80%, of the Laboratory's inventory of buried transuranic waste (TRU) by 
radioactive content. 

The Laboratory's November 1990 SWMU report lists a total of 9 T A-49 SWMUs 
that are subdivided into 21 subunits. An of these are addressed in the T A-49 
work plan. The SWMU report lists no areas of concern (AOCs) for TA-49, and 
the T A-49 work plan proposes no new SWMUs or AOCs to add to this list. 
SWMU 49-009, listed as an underground fuel tank, is believed never to have 
existed and is proposed for no further action (NFA). 
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Executive Summary 

Two other SWMUs [49-007(a) and (b), septic systems] also are proposed for 
NFA because they are recent National Pollutant Discharge Elimination System 
(NPDES)-permitted systems with no credible source of contamination. 

E.1.3 Installation Work Plan 

The HSWA Module requires that an installation-wide work plan be prepared to 
describe the system for accomplishing all RFI/CMS work at the Laboratory. 
This requirement is satisfied by a Laboratory-wide Installation Work Plan (IWP), 
which was originally submitted to the EPA on November 19, 1990, and is 
updated annually. The IWP presents the Laboratory's overall management and 
technical approach for meeting the requirements of the HSWA Module, 
describes the Laboratory's SWMUs, and outlines their aggregation into 24 
Operable Units (OUs). 

All Laboratory OUs are tiered to the IWP and relevant information in the IWP is 
incorporated by reference. The TA-49 OU is in the second set of OU work 
plans that are necessary to meet the HSWA Module's requirements, as defined 
in the IWP. 

The IWP and the T A-49 work plan also address radioactive materials and other 
hazardous substances not subject to RCRA regulation. It is understood that 
language in this work plan pertaining to subjects outside the scope of RCRA is 
not enforceable under the RCRA Part B operating permit. However, the policy 
of the Laboratory and the DOE is to conduct the RFI taking into account all 
hazardous materials, whether or not they are regulated by statute. 

E.1.4 History and Location of the T A-49 Operable Unit 

The Laboratory's TA-49, also known as Frijoles Mesa site, occupies 
approximately 1280 acres along the south-central boundary of the Laboratory. 
T A-49 is bounded by Bandelier National Monument to the south and west and 
by other Laboratory TAs to the north and east. SWMUs at the TA-49 OU are 
located on the mesa top at an elevation of approximately 7140 ft. Figures 
EXEC-1 and EXEC-2 show the location of TA-49 in relation to regional and 
perimeter properties and to other Laboratory TAs. Figure EXEC-3 shows a site 
diagram and the location and nature of SWMUs at the TA-49 OU. 

The perponderance of T A-49 contaminants consists of buried radionuclides, 
lead, and beryllium from underground hydronuclear and related experiments 
conducted from 1959 to 1961. The experimental areas containing almost all of 
these residues are managed as MDA AB. Because the buried waste there 
includes about 40 kg of plutonium, 93 kg of uranium-235, 170 kg of uranium-
238, 11 kg. of beryllium, and possibly more than 90,000 kg of lead, the TA-49 
work plan emphasizes MDA AB. 

Because this site has been used primarily for experiments involving special 
nuclear material (SNM), the identity and quantity of wastes at TA-49 are known 
with an unusual degree of confidence. This knowledge, which is the result of 
accountability required by such experiments, significantly reduces the types of 
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Executive Summary 

contaminants that must be considered during the RFI. Thus a small set of 
indicator analytes can be selected for determining the nature and extent of 
contamination at TA-49 SWMUs. 

E.1.5 Contaminants and Pathways of Concern 

The 21 SWMUs identified at TA-49 fall into several conceptual categories, as 
follows: 

• 

• 

• 

• 

backfilled shafts containing significant quantities of explosively 
dispersed uranium, plutonium, lead, and beryllium; 

highly localized surface and near-surface soil and debris, 
associated with the hydronuclear experiments, which are 
contaminated above levels of concern; 

surface and near-surface soil that may be contaminated, but 
probably below levels of concern, by radionuclides, lead, 
beryllium, and possibly other materials; and 

landfills. septic systems, and shafts with low potential for low
level radionuclide. lead, and beryllium contamination. 

The developed areas of TA-49 are located primarily near the center of the mesa 
top and lie about 1200 ft above the main aquifer. Prior site characterization 
indicates that perched water zones are absent at T A-49. 

Because of the site's relatively remote location, existing institutional controls, 
and absence of known contaminant-transport pathways of significance under 
current site conditions, no pathways or receptors are of short-term concern 
given current land use in the vicinity of TA-49. Groundwater pathways are not 
of immediate concern because of the great depth to groundwater and the lack 
of transport mechanisms. Surface water and air pathways are not of immediate 
concern because the great bulk of T A-49 contaminants are buried in shafts and 
because of institutional control of the site. 

In the context of this work plan, "short-term" will imply the 100-yr time frame 
assumed for institutional control by DOE Order 5820.2A, which addresses 
management of buried TRU waste. However, if land use changes beyond this 
time frame (for example, through the loss of institutional control), or if dramatic 
climactic changes occur, exposure pathways of concern then would include: 

• 

• 
• 
• 

exposure of buried contaminants through erosion, followed by 
surface water run-off and sediment transport or aerial 
resuspension, 

artificial site disturbance, 

infiltration through the vadose zone, and 

biological transport. 
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The TRU wastes at TA-49 will remain hazardous for much longer than the 
100 yr assumed for institutional control. However, the technical difficulties 
associated with buried TRU removal are formidable, as described in Chapter 5 
of this au work plan. For these reasons, capping/stabilization of the site, 
accompanied by long-term monitoring and maintenance, has been identified as 
the likely remedial action to be taken at TA-49. As part of this remedial 
strategy, additional corrective measures will be taken as required during the 
period of monitoring and maintenance. This approach is consistent with the 
conditional remedy concept described in Section 3.8 of the IWP. 
Implementation of this conditional remedy for MDA AB requires confirmation by 
the RFI that significant waste migration from the MDA AB shafts has not 
occurred and that it is unlikely to occur over extended periods of time. 
Therefore, evaluation of the likelihood of waste migration is a key aspect of the 
T A-49 RFI work plan. 

E.2 Technical Approach 

The IWP provides for use of the observational approach to select an eventual 
remedy in the face of inevitable uncertainties about the site environment. The 
essence of the observational approach is that the most likely remedial actions 
eventually taken can be selected before full site characterization is 
accomplished and that these potential actions can be used to constrain the 
scope of the field-investigation. 

This approach accommodates other goals, including the uSe of action levels as 
criteria for identifying releases and determining the need for a CMS. The 
observational approach also advocates the use of discrete field work phases 
and a sequential sampling strategy wherein the results gained from each 
sample set guide the nature and location of subsequent sampling events. 

The IWP also calls for the development of data quality objectives (DOOs) to 
establish the types, quantity, and quality of data required to meet the objectives 
of the RFI. The TA-49 work plan embraces the philosophies of the 
observational and 000 approaches. 

E.2.1 Investigative Strategy -

The Laboratory ER Program will conduct site-wide background studies 
(Framework Studies) of hydrology, geology, geochemistry, and other topics to 
support OU-specific investigations. These studies will have general applicability 
for all OUs and will only be done once. The Baseline Characterization section of 
the TA-49 work plan is integrated with site-wide investigations that focus on 
general environmental characteristics to provide a context in which the 
migration potential of contaminants from T A-49 SWMUs will be evaluated. The 
balance of the TA-49 field sampling plan is directed toward groupings of related 
SWMUs and focuses on identifying the nature and extent of contamination. 
T A-49 investigation groups addressed in specific sections of the work plan are 
listed below. 
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• Material Disposal Area AB (hydronuclear shafts) 

• Area 11 (radiochemistry and small-scale shot area) 

• Landfills, trenches, and Area 6 soil contamination 

• Area 5 (control area) 

• Area 10 (underground experimental chamber) 

• Area 12 (Bottle House area) 

• NFA units 

Because almost all TA-49 contaminants reside in MDA AB, the emphasis of the 
work plan is on this investigation group. 

To the extent possible, the TA-49 work plan also has been tailored to integrate 
with RFls of adjoining TAs and with the Laboratory's routine environmental 
surveillance program. 

E.2.2 Analytical Strategy 

Highly localized radiological, lead, and beryllium contaminants represent by far 
the most significant contamination at T A-49, and thus are the primary focus of 
SWMU-specific investigations. Other contaminants are known or suspected to 
exist at TA-49 only in very limited quantities and generally will be associated 
with the aforementioned contaminants. Sampling plans take these factors into 
account to maximize the effectiveness of the RFI. 

Field radiological screening will be used to identify grossly contaminated 
samples and areas of contamination. In addition, extensive use of radiological 
area survey methodology is proposed to detect TRU hot spots above levels of 
concern. 

Field laboratory analyses can be used to provide rapid quantitative data to 
guide field operations. An on-site field laboratory will be used, as appropriate, 
to provide high-quality analytical data, to verify field screening and field surveys, 
and to minimize the number of samples that must be sent to off-site laboratories 
for more expensive analyses. 

The primary TA-49 indicator analytes are 

• 
• 
• 

gross alpha, beta, and gamma radioactivity, 

total uranium, 

isotopic plutonium, 

• gamma spectrometry (which yields gross gamma radioactivity, 
americium-241, and cesium-137 levels), and 

• RCRA-regulated metals (notably, lead and beryllium). 
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On a SWMU-specific basis, analysis for potential minor contaminants such as 
semivolatile organic compounds (SVOCs) is proposed. 

E.2.3 Scope 

The RFI field work described herein is expected to require about 5 yr to 
complete, contingent upon the availability of funding. A single 3-yr phase of 
field work is expected to be sufficient to complete the RFI for most SWMUs, but 
a second phase will be executed if field results warrant. 

For MDA AB and Area 11, a second phase of investigation probably will be 
necessary. 

A summary of the scope of the investigations is given in Table EXEC-1, which 
lists the sections of the work plan in which investigations are described. Table 
EXEC-2 and Figure EXEC-4 summarize the schedule for the planned field 
investigations and reports as proposed in this OU work plan. 

Figure EXEC-5 contains a milestone chart and Table EXEC-3 shows the 
projected baseline funding and schedule for the TA-49 RFI/CMS, based on 
prOjections in the February 24, 1992 version of the DOE ERlWM Five Year 
Plan. 

E.3 Reports 

The HSWA permit specifies the submission of periodic reports, including 
monthly programmatic status reports and quarterly technical progress reports. 
Execution of the TA-49 RFI will provide data for these reports. At the 
conclusion of the RFI, a comprehensive report will be prepared that summarizes 
the entire RFI investigation. 

Reports generated during the TA-49 RFI will be made available for review by 
the public at the ER Community Reading Room in Los Alamos, New Mexico. 
The final RFI report, as well as periodic progress reports, also will be available. 
The Reading Room is open to the public from 9 a.m. to 4 p.m. on Laboratory 
business days. 

E.4 Technical MemorandaIWork Plan Modifications 

Because of the time required to complete the field work, interim reports will be 
generated and submitted as appropriate portions of the T A-49 effort are 
completed. These technical memoranda will serve both as partial RFI Phase I 
reports that summarize results to date and as partial Phase II work plans for any 
follow-up activities that might be required (including revisions of initial field 
sampling plans). These technical memoranda/work plan modifications will be 
submitted for work conducted on both individual SWMUs and aggregates of 
SWMUs. A summary of planned submission dates is given in Table EXEC-2. 
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• • TABLE EXEC-1 

SUMMARY OF THE SCOPE OF THE TA-49 RFI B 

(a) Phase I Investigations 

Discrete Samples 

Number of Number of Number of Number of Number of 
Soil/Sediment Water QA/QC Core Boreholes Drilled/ 

Chapter/Section Samples Samples Samples Samples Borehole Length (ft) 

6.1 Baseline 9 9 6 0 0/0 

6.3 Area 6 57 0 9 23 9/125 

6.4 Area 5 30 0 6 2 2/20 

6.5 Area 10 18 0 3 0 0/0 

6.6 Area 12 20 0 3 0 0/0 

6.2 Area 11 40 0 6 40 15/138 

7.0 MDAAB 108 0 15 314 11/2,686 

(b) Phase II Investigations 

Discrete Samples 

Number of Number of Number of Number of Number of 
Soil/Sediment Water QA/QC Core Boreholes Drilledl 

Chapter/Section Samples Samples Samples Samples Borehole Length (ft) 

6.1 Baseline 0 6 3 0 0 

6.2 Area 11 15 0 3 27 9/81 

7.0 100 0 15 138 4/600 

.. , 

a The number of QNQC samples Includes borehole and surface samples. 

• 
Geophysical Radiological 

Survey Screening 
Area (ft2) Area (ft2) 

0 0 

500 214,100 

94,000 94,000 

13,000 13,000 

0 14,000 

65,000 65,000 

94,250 101,250 
-----

. Geophysical Radiological 
Survey Screening 

Area (ft2) Area (ft2) 

0 0 

0 0 

60,000 60,000 



TABLE EXEC-2 

SCHEDULE OF PHASE I FIELD WORK (FY 93, FY 94, AND FY 95) AND 
TECHNICAL MEMORANDA! WORK PLAN MODIFICATION REPORTS FOR THE TA-49 RFI 

Results of RFI field work will be presented in three principle documents: quarterly technical 
progress reports, technical memoranda/work plan modifications, and the RFI Report. 

The schedule below summarizes the future documents associated with implementation 
of this OU work plan that are deliverable to EPA and DOE .. 

Document 

Monthly 

Quarterly 

Annual 

Phase Reports 

Chapter and Section 

6.1 Baseline 

6.3 Area 6 
6.4 Area 5 
6.5 Area 10 
6.6 Area 12' 

6.2 Area 11 
7.0 MDA AB 

EPA DOE 

X X 

X 

X X 

X X 

Phase I 

Field Work 
"":",+;~v~,,;/-::/ .. < ~'Tjj;;+'j)'''''''<' 

::1',OCf~c92~ 29 Sept. 95 '; 

1 Oct. 93-

. 1 Oct. 92 -29 Sept. 

T A-49 Operable Unit RFI Work Plan xi 

Date Due 

25th of the following month 

Feb. 15, May 15, Aug. 15 

Nov. 15 

As in baseline; DOE milestones 

RFI Report Publication Dates 

Draft Final 

May 1992 

• 

• 

• 
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FY93 

Phase I (FY 93, 94, & 95) 

I 
6.1 Baseline 

6.3 Area 6' 
• 6:4 Area 5 ' . 
, 6.5 Area 10 

'6.6 Area 12 . 

FY94 

Phase II (FY 96 & 97) 

FY95 FY96 FY97 

Figure EXEC-4. TA-49 RFI schedule proposed in this au work plan. 
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REPORT DATE ~AY92 RUN NO. 27 
17:01 

SCHEDULE SUMMARY REPORT 

2 

3 

• " 
5 

6 

7 

8 

3 

REPORT TOTAL 

TAR CUR 
DUR DUR 

G 250 0 

o 2082 0 

0 889 0 

0 254 0 

0 245 0 

0 515 0 

o 2087 0 

o 687 0 

0 0 0 

FINEST HOUR 

ENVIRONMENTAL RESTORATION 

SUMMARY DESCRIPTION 
BUDGET 

ASSESSMENT - RFI \IORK PLAN 
361084.00 

ASSESSMENT - RFI 
4087839.00 

ASSESSMENT - RFI REPORT 
738589.00 

ASSESSMENT - CMS PLAN 
25781.00 

ASSESSMENT - CMS 
478710.00 

ASSESSMENT - CMS REPORT 
124078.00 

ASSESSMENT - ADS MANAGEMENT 
1537513.00 

ASSESSMENT - veA 
76235.00 

3 

.00 

EARNED 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

============ ============ 
7429829.00 .00 

ADS 1144:TA-49 BASELINE 

START DATE 10CT91 FIN DATE 24FEB03 

DATA DATE 10CT91 PAGE NO. 

CURRENT EARLY' TARGET EARL Y 
START FINISH START FINISH VAR. 

10CT91 30sEP92 

14SEP92 29JAN01 

lJUL97 29JAN01 

22SEPOO 28SEP01 

7AUG01 31 JUL02 

30JAN01 24FEB03 

10CT91 23FEBOO 

2JAN97 30SEP99 

14JUN95 13JUN95 

• Table EXEC-3. TA-49 Operable Unit (ADS 1144) RFI/CMS Milestone Chart, based on 
projections in the February 24,1992 version of the DOE ERlWM Five-Year Plan. 

T A-49 Operable Unit RFl Work Plan xlv May 1992 



• 

• 

• 

EXECUTIVE SUMMARY 

CONTENTS 

LIST OF ANNEXES 

LIST OF APPENDICES 

LIST OF FIGURES 

LIST OF TABLES 

LIST OF ACRONYMS AND ABBREVIA"rIONS 

1.0 INTRODUCTION 

1,1 
1.2 

1.3 

1.4 

Overview of the Environmental Restoration Program 
Hazardous and Solid Waste Amendment 
Requirements 
Description of the T A-49 Operable Unit 
and Solid Waste Management Units 

Work Plan Organization 

Chapter 1 References 

2.0 APPROACH TO RESOURCE CONSERVATION AND 
RECOVERY ACT FIELD INVESTIGATIONS 

2.1 Observational Approach 
2.2 Data Quality Objectives 
2.3 Decision Analysis 
2.4 Cost-Effectiveness Analysis 
2.5 Aggregation of Solid Waste Management Units 
2.6 Technical Approach 

2.6.1 Action Levels 
2.6.2 Sequential Sampling and Work Plan Phases 
2.6.3 Risk Assessment 
2.6.4 Integration with Other Laboratory Activities 

2.7 Technical Objectives 

2.7.1 General·TechnicalObjectives 
2.7.2 Baseline Characterization 
2.7.3 Individual SWMU Characterization 
2.7.4 Field Investigation Methods 

2.8 Integration with CERCLA, NEPA, and DOE Orders 
2.9 Natural Resource Damage Assessment 
2.10 Voluntary Corrective Actions 
2.11 Modeling 

T A-49 Operable Unit RFI Work Plan 

1· 1 

1· 1 

1- 1 

1- 2 
1 -4 

1- 7 

2- 1 

2· 1 
2· 1 
2- 2 
2- 2 
2- 2 
2- 2 

2- 3 
2- 3 
2- 3 
2- 3 

2- 4 

2- 4 
2- 4 
2- 5 
2- 5 

2· 5 
2- 5 
2- 5 
2- 5 

May 1992 



Contents 

2.12 Framework Studies 2-7 • 2.13 Conditional Remedies 2-7 
2.14 NFA Units 2- 8 

Chapter 2 References 2- 9 

3.0 BACKGROUND INFORMATION FOR THE 
TA-49 OPERABLE UNIT 3- 1 

3.1 Location 3- 1 
3.2 History 3- 1 

3.2.1 Prehistoric Use 3- 1 
3.2.2 Early Uses and Laboratory Acquisition 3- 1 
3.2.3 Site Selection for Hydronuclear Experiments 3-7 
3.2.4 Hydronuclear and Related Experiments 3- 8 
3.2.5 OtherPast Laboratory Activities at TA-49 3- 9 
3.2.6 Environmental Monitoring at T A-49 3-10 

3.3 Past Waste Management Practices 3-11 
3.4 Current Conditions at T A-49 3-12 

3.4.1 Site Access and Control 3-12 
3.4.2 Migration Pathways 3-12 

3.5 Overview of SWMUs at the TA-49 OU 3-14 • 3.6 Sources of Information 3-16 

Chapter 3 References 3-17 

4.0 ENVIRONMENTAL SETTING OF THE T A-49 
OPERABLE UNIT 4-1 

4.1 Location and Topography 4-2 
4.2 Climate 4-4 
4.3 Surface Deposits 4-6 

4.3.1 Erosional Deposits 4-6 
4.3.2 Mesa Top Soils 4-7 
4.3.3 Soils in Canyon Walls and Bottoms 4-11 

4.4 Hydrology 4-11 

4.4.1 Surface Hydrology 4-12 

4.4.1.1 Surface Water Run-Off 4-12 
4.4.1.2 Surface Water Infiltration (Solis and 

Upper Tuff) 4-13 

4.4.2 Vadose Zone Hydrology (Deep Formations) 4-17 
4.4.3 Saturated Zone Hydrology 4-21 • 4.4.3.1 Alluvial Aquifers 4-21 

T A-49 Operable Unit RFI Work Plan ii May 1992 



• 4.4.3.2 Deep Groundwater 4-22 
4.4.3.3 Tritium Levels in the Main Aquifer 4~25 

4.4.4 Hydrogeologic Properties of Bandelier Tuff 4-29 

4.4.4.1 Porosity 4-30 
4.4.4.2 Permeability 4-30 
4.4.4.3 Moisture Content 4-30 
4.4.4.4 Hydraulic Conductivity 4-31 
4.4.4.5 Moisture Characteristic Curve 4-31 
4.4.4.6 Hysteresis 4-31 
4.4.4.7 Summary 4-32 

4.5 Geology 4-32 

4.5.1 Bedrock Stratigraphy 4-32 
4.5.2 Geologic Structure 4-38 
4.5.3 Seismicity and Volcanism 4-41 

4.6 Geochemistry 4-42 
4.7 Environmental Monitoring at TA-49 4-42 

4.7.1 Bandelier Meteorological Station 4-44 
4.7.2 Radiation Monitoring 4-44 
4.7.3 Surface and Groundwater Monitoring 4-45 
4.7.4 Soil and Sediment Monitoring 4-45 • 4.7.5 Periodic Intensive Survey of MDA AB 4-47 
4.7.6 Foodstuff Monitoring 4-47 
4.7.7 Special Studies 4-47 

4.8 Potential Pathways of Contaminant Migration 4-47 
4.9 Potential Receptors 4-47 

4.9.1 Local Populations 4-49 
4.9.2 Land Use 4-49 
4.9.3 Routes of Exposure and Pathway-Specific 

Receptors 4-50 

4.10 Public Health and Environmental Impacts 4-51 
4.11 TA-49 OU Site Conceptual Model 4-51 

4.11.1 Development of the Conceptual Model 4-51 
4.11.2 Elements of the Conceptual Model 4-52 
4.11.3 Conceptual Model Refinement 4-65 

4.12 Summary of General Data Needs 4-65 

Chapter 4 References 4-69 

5.0 ASSESSMENT AND REMEDIATION CONSIDERATIONS 5- 1 

• 5.1 Action, Background, and Screening Levels 5- 1 

T A-49 Operable Unit RR Work: Plan 'iii May 1992 



Contents 
... --... 

5.1.1 Definitions 5- 1 • 5.1.2 Indicator Contaminants 5- 2 
5.1.3 Action Levels 5- 2 
5.1.4 Screening Levels 5- 4 

5.2 Applicable, Relevant, and Appropriate Regulations 5- 5 
5.3 Buried TRU Considerations 5- 5 

5.3.1 Buried TRU Management 5- 6 
5.3.2 MDA Surveillance Program 5- 8 
5.3.3 TRU and LLW Waste Volumes in MDA AB 5- 8 

5.4 Potential Remedial Actions 5- 9 

5.4.1 General 5- 9 
5.4.2 Potential Remedial Actions for Area 11 5- 9 
5.4.3 Potential Remedial Actions for MDA AB 5-12 

5.4.3.1 Long-Term Institutional Control 5-12 
5.4.3.2 Excavation and Removal 5-12 
5.4.3.3 In Situ Treatment Options 

for MDA AB 5-14 
5.4.3.4 Criticality Considerations 5-14 

5.5 Technical Approach 5-15 
5.6 Decision Process 5-16 • 5.6.1 Decision Point 1 5-16 

5.6.2 Decision Point 2 5-19 
5.6.3 Phase I Sampling Process 5-20 
5.6.4 Decision Point 3 5-20 
5.6.5 Phase II Sampling and Modeling Process 5-21 
5.6.6 Risk Assessment Process '5-22 
5.6.7 Decision Point 4 5-22 

5.7 Data Quality Objectives Process 5-23 

5.7.1 Phase I Data Quality Objectives 5-25 

5.7.1.1 Problem Statement 5-25 
5.7.1.2 Questions to be Answered 5-25 
5.7.1.3 Decision Inputs/Data Needs 5-25 
5.7.1.4 Problem Domain 5-28 
5.7.1.5 Decision Rule/Logic Statement 5-28 
5.7.1.6 Uncertainty Constraints 

5-29 

5.7.2 Phase II Data Quality Objectives 5-29 

5.7.2.1 Problem Statement 5-29 
5.7.2.2 Question to be Answered 5-29 • 5.7.2.3 Decision Inputs/Data Needs 5-31 
5.7.2.4 Problem Domain 5-31 

T A-49 Operable Unit RFI Work Plan jv May 1992 



• 

• 

• 

5-32 

5.8 

5.7.2.5 Decision Rule/Logic Statement 
5.7,2,6 Uncertainty Constraints 

Field and Analytical Data Quality Requirements 

5.8.1 Analytical Data Quality Levels 

5.8.1.1 Phase I Analytical Levels 
5.8.1.2 Phase II Analytical Levels 

5-32 

5-32 

5-32 

5-34 
5-38 

5.8.2 Analytical Methods and PARCC Parameters 5-38 
5.8.3 Sample Collection Quality Requirements 5-38 

Chapter 5 References 5-42 

6.0 UNITS OTHER THAN MDA AB 6.1- 1 
(Descriptions, Data Quality Objectives. and Sampling Plans) 

6.1 Baseline Characterization 6.1- 1 

6.1.1 Introduction 6.1- 1 
6.1.2 Site Hydrogeologic Regulatory Requirements 6.1- 1 
6.1.3 Surface Characterization 6.1- 6 

6.1.3.1 Background/Rationale 6.1- 6 
6.1.3.2 Existing Baseline Information on TA-49 Soils 

and Sediments and Data Needs 6.1- 7 

6.1.4 Surface Baseline Characterization Plan 6.1-12 

6.1.4.1 SOils and Sediments 6.1-12 
6.1.4.2 Geologic Base Map 6.1-13 
6.1.4.3 Geomorphic Characterization 6.1-14 
6.1.4.4 Lateral Groundwater Discharge Points 6.1-14 
6.1.4.5 Benchmark Resurveying 6.1-14 

6.1.5 Subsurface Characterization 6.1-14 

6.1.5.1 Background/Rationale 6.1-14 
6.1.5.2 Existing Information 6.1-16 

6.1.6 Subsurface Characterization Plan 6.1-16 

6.1..6.1 Approach 6.1-16 
6.1.6.2 Stratigraphic Sections 6.1-17 
6.1.6.3 Additional Deep Test Well Near TA-49 6.1-18 
6.1.6.4 Characterization of Groundwater and 

Vadose Zone Water 6.1-19 

6.2 Area 11 Radiochemistry and Small-Scale Shot Area 6.2- 1 

6.2.1 Introduction 6.2- 1 

T A-49 Operable Unit RFI Work Plan v May 1992 



6.2.2 Description and Site History of Area 11 6.2- 3 • 6.2.3 Additional Information on Potential Source 
Terms at Area 11 6.2-7 

6.2.4 Data Needs and Objectives and 
I nvestigation Rationale 6.2-10 

6.2.5 Sampling Plan 6.2-13 

6.2.5.1 Area 11 Surface Soils Survey 
[SWMU 49-008(c)] 6.2-13 

6.2.5.2 Leachfield Drainlines 6.2-13 
6.2.5.3 Leachfield Boreholes (SWMU 49-003) 6.2-15 
6.2.5.4 Interim Storage Container Area 6.2-15 
6.2.5.5 Small-Scale Shot Holes 6.2-15 

6.2.6 Phase II Investigations at Area 11 6.2-16 

6.3 Landfills, Trenches, and Area 6 Soil Contamination 6.3- 1 

6.3.1 Introduction 6.3- 1 
6.3.2 Site Description, History, and Potential 

Source Terms 6.3- 6 

6.3.2.1 Open Burning/Landfill Area 6.3- 6 
6.3.2.2 Small Landfills 6.3-11 
6.3.2.3 Open Trenches 6.3-11 
6.3.2.4 Potential Soil Contamination • in Area 6 6.3-12 

6.3.3 Data Needs and Objectives and 
Investigation Rationale 6.3-13 

6.3.4 Sampling Plan 6.3-16 

6.3.4.1 Open Burning/Landfill Area 6.3-17 
6.3.4.2 Small Landfills 6.3-17 
6.3.4.3 Open Trehches 6.3-18 
6.3.4.4 Area 6 Surface Soils 6.3-18 

6.4 Area 5 Control Area 6.4- 1 . 

6.4.1 Introduction 6.4- 1 
6.4.2 Description and Site History 6.4- 2 
6.4.3 Additional Information on Potential 

Source Terms at Area 5 6.4- 9 
6.4.4 Data Needs and Objectives and 

Investigation Rationale 6.4-10 
6.4.5 Sampling Plan 6.4-11 

6.4.5.1 Area 5 Surface Soils Survey-
SWMU 49-008(a) 6.4-11 

6.4.5.2 Sumps-SWMU 49-006 6.4-13 
6.4.5.3 Drainlines 6.4-13 • 6.4.5.4 Transformers 6.4-13 

T A-49 Operable Unit RFI Work Plan vi May 1992 



• 6.5 Area 10 Underground Experimental Chamber 6.5- 1 

6.5.1 Introduction 6.5- 1 
6.5.2 Description and Site History 6.5- 1 
6.5.3 Existing Information on Potential 

Source Terms 6.5- 2 
6.5.4 Data Needs and Objectives and 

Investigation Rationale 6.5- 6 
6.5.5 Sampling Plan 6.5- 8 

6.6 Area 12 Bottle House Area 6.6- 1 

6.6.1 Introduction 6.6- 1 
6.6.2 Description, Site History, and Potential 

Source Terms 6.6- 3 
6.6.3 Data Needs and Objectives and 

I nvestigation Rationale 6.6- 8 
6.6.4 Sampling Plan 6.6- 9 

Chapter 6 References 

7.0 MDA AB·HYDRONUCLEAR SHAFTS AND RELATED UNITS 7- 1 
(Description, Data Quality Objectives, and Sampling Plan) 

7.1 Introduction 7- 1 
7.2 Description and History of MDA AB 7- 2 • 7.2.1 General Information 7- 2 

7.2.2 Hydrogeologic Studies at MDA AB 7-16 

7.3 Existing Information on Potential Contamination 
and Source Terms 7-17 

7.3.1 General 7-17 
7.3.2 Sediment Sampling from MDA AB Drainages 7-20 
7.3.3 Ground and Surface Water Monitoring 7-22 
7.3.4 Air Monitoring 7-22 
7.3.5 Area 1 7-22 
7.3.6 Areas 2, 2A, and 28 7-23 

7.3.6.1 General Description 7-23 
7.3.6.2 Surface Contamination from 

Experimental Hole 2-M 7-26 
7.3.6.3 Water in Core Hole 2 (1975 to 1980) 7-28 
7.3.6.4 Standing Water in Core Hole 2 

(1991 and 1992) 7-30 
7.3.6.5 Origin of Water in Core Hole 2 7-35 
7.3.6.6 Special Studies of Soil and Vegetation 7-37 

7.3.7 Area 3 7-40 
7.3.8 Area 4 7·43 

• 7.4 Data Needs and Objectives and 

TA-49 Operable Unit RFI Work Plan vII May 1992 



Contents 

• I 
Investigation Rationale 7-46 

7.4.1 Data Needs and Objectives 7-48 
7.4.2 Investigation Rationale 7-50 
7.4.3 Coring Requirements 7-51 
7.4.4 Characterization of Recovered Core 7-52 
7.4.5 Borehole Logging 7-54 
7.4.6 Contingency Plans for Borehole Drilling 7-54 

7.5 Phase I Surface Investigations at MDA AB 7-54 

7.5.1 Radiological Surveys 7-56 
7.5.2 Geophysical Surveys 7-57 
7.5.3 Removal of Near-Surface Debris 7-57 
7.5.4 Discrete Surface Soil Sampling 7-62 
7.5.5 Sampling of Biota 7-63 
7.5.6 Soil Characteristics Around Area 2 7-63 

7.6 Subsurface Investigation at MDA AB 7-64 

7.6.1 Continuous Monitoring for Water 
Core Holes 1,2,3,4, and Moisture Test Holes 7-64 

7.6.2 Chemical and Isotopic Analyses of Water 7-65 
7.6.3 Analysis of Solids from Core 

Holes 1 , 2, 3, and 4 7-65 
7.6.4 Vertical Borehole Installation and • Characterization 7-65 

7.6.4.1 150-ft Core Holes in Area 2 7-66 
7.6.4.2 150-ft Core Holes in Areas 1, 3, and 4 7-66 
7.6.4.3 700-ft Vertical Boreholes in 

Areas 1 and 2 7-67 

7.6.5 Shallow Boreholes Through the Area 2 Pad 7-67 
7.6.6 Lateral Boreholes Under Area 1 and 2 7-68 

7.7 Phase II Sampling Plan 7-70 

Chapter 7 References 7-71 

8.0 No-Further Action Units' 8- 1 

8.1 Introduction 
8.2 Underground Fuel Tank (SWMU 49-009) 8- 1 
8.3 SeptiC Systems [SWMUs 49-007(a) and 49-007(b)] 8- 2 
8.4 HE Storage Area 8· 4 
8.5 Borrow Pits Along State Road 4 8- 6 
8.6 Other Disturbed Areas at TA-49 8- 6 
8.7 PCBs in Road Oil 8- 6 
8.8 Firing Site Shrapnel '8- 9 
8.9 HOT Firing Pit 8- 9 • Chapter 8 References 8-10 

T A-49 Operable Unit RFI Work Plan viii May 1992 



• LIST OF TABLES 

EXEC·1 Summary of the Scope of the TA-49 RFI x 
EXEC·2 Schedule of Phase I Field Work and Reports xi 
EXEC-3 RFI/CMS Milestone Schedule for the 

TA-49 Operable Unit xiv 
1.2-1 TA-49 SWMU Investigation Groups and Designations 1- 3 
1.4-1 RFI Guidance from the Laboratory's RCRA 

Part B Permit1-6 1- 6 
4.4-1 Results of Moisture Content Study in Soils and 

Upper Bandelier Tuff at TA-49 4-15 
4.4-2 Characteristics of TA·49 Boreholes Deeper 

than 150 ft 4-19 
4.4-3 Summary of Aquifer Performance Tests of 

Deep Test Wells at TA·49 4-26 
4.4-4 Summary of Low-level Tritium Analyses of 

Groundwater from TA-49 Deep Test Wells 4-27 
4.6-1 Retardation Factors and Distribution 

Coefficients for Yucca Mountain Tuff 4-43 
4.7-1 Radiochemical Analytical Results for Soil and 

Sediments at T A-49 in 1983 and 1984 4-48 
4.11-1 Summary of TA-49 Site Conceptual 

Model Elements 4-54 
4.12·1 Summary of General Data Needs for the 

TA-49 OU RFI 4-66 

• 4.12-2 Summary of SWMU-specific Data Needs for 
the T A-49 RFI 4-68 

5.1-1 Action Levels, Background Levels, and 
Analytical Methods 5- 3 

5.3-1 Inventory of Major Radionuclides at MDA AB 
as a function of Time 5-7 

5.4-1 Most Probable Remedial Measures for 
T A-49 SWMUs, other than Area 11 and MDA AB 5-10 

5.4-2 Most Probable Remedial Actions for 
Area 11 and MDA AB 5-11 

5.6-1 Term Definitions 5-18 
5.8-1 Summary of Analytical Levels Appropriate 

to Data Uses 5-33 
5.8-2 Data Types, Uses, and Quality Levels for 

T A-49 OU-wide Characterization Activities 5-35 
5.8-3 Data Types, Uses, and Quality Levels 

for SWMU Specific Characterization Activities 5-37 
5.8-4 Instrumentation and Methods for Proposed 

Analytical Levels 5-39 
5.8-5 Summary of Analytical Methods for the T A-49 OU 5-40 
5.8-6 Guidelines for Minimum QA/QC Samples for the 

Field Sampling Program 5·41 
6.1-1 Summary of Phase I and II Investigations 

for the T A-49 OU 6.1- 2 
(Tables a-c) 

6.1-2 Summary of Samples and Analyses for 

• Phase I TA-49 Baseline Characterization 
6.1- 5 

TA-49 Operable Unit RFI Work Plan Ix May 1992 



6.1-3 Summary of Radiochemical Analyses of • Sediments in 1989 from TA-49 6.1- 9 
6.1-4 VOC and SVOC Analyses in 1989 for 

TA-49 Soils and Sediments 6.1-10 
6.1-5 Analytical Suite for TA-49 Water Samples 6.1.15 
6.2-1 Summary of Samples and Analyses for 

Phase I Investigations for Area 11 6.2- 2 
6.2-2 Summary of 1987 A411 Survey Results for Area 11 6.2- 8 
6~3-1 Summary of Samples and Analyses for 

Phase I Investigations for T A-49 Landfill, 
Open Trenches, and Area 6 Soil Contamination 6.3- 5 

6.3-2 Summary of 1987 A411 Survey Results for Open 
Burning/Landfill Area 6.3~ 8 

6.4-1 Summary of Samples and Analyses for 
Phase I Investigations for,Area 5 6.4- 3 

6.5-1 Summary of Sampling and Analyses for 
Phase I Investigations for Area 10 6.5- 9 

6.6-1 Summary of Samples and Analyses for 
Phase I Investigations for Area 12 6.6- 2 

6.6-2 Radionuclide Analyses for Area 12 Solis 
and Vegetation 6.6- 6 

7.1-1 Correlation Chart for MDA AB SWMU 
l'Jumbers, Area Designations, and Contaminant 
Inventories 7- 4 

7.1-2(a-e) Summary of Samples and Analyses for • Investigations of MDA AB 7-15 
7.3-1 Summary of 1987 A411 Survey Results for 

MDA AB, Area 11, Area 12, and The Open 
Burning/Landfill Area 7-21 

7.3-2 Summary of 1987 A411 Survey Results for Area 1 7-24 
7.3-3 Analysis of Standing Water Collected from 

Core Hole 2 in May 1991 7-34 
7.3-4 Summary of 1987 A411 Survey Results for 

Areas 2, 2A, and 2B 7-39 
7.3-5 Summary of 1987 A411 Survey Results for Area 3 7-41 
7.3-6 Summary of 1987 A411 Survey Results for Area 4 7-44 
7.4-1 Geophysical Logs to be Collected in 

MDA AB Boreholes 7-55 

• 
TA-49 Operable Unit RFI Work Plan x May 1992 



• LIST OF FIGURES 

EXEC-1 Regional Location of the TA-49 Operable Unit iii 
EXEC-2 Location of T A-49 in Relation to other T As 

and Landholdings Surrounding the Laboratory iv 
EXEC-3 Site Diagram and SWMU list of the 

T A-49 Operable Unit v 
EXEC-4 TA-49 RFI Schedule xii 
EXEC-5 RFIICMS Schedule for the 

T A-49 Operable Unit xiii 
3.1 Aerial Photographs of T A·49 from 

1965 to the Present 3- 2 
3.1-2 1991 Low-altitude Photographs of 

T A-49 SWMU Areas 3- 5 
4.1-1 Geologic Section Showing the Location of 

T A-49 with Respect to Stratigraphy and Structure 4-3 
4.2-1 Wind Roses at Laboratory Stations During 1989 4·5 
4.3-1 Distribution of Soils at T A·49 4-8 
4.3-2 Soil Depths at T A·49 4-9 
4.4-1 Moisture Measurements in Selected Test Holes 

at TA-49 4-16 
4.4-2 Locations of Existing TA-49 Boreholes 

Deeper than 150 ft 4-20 
4.4-3 Generalized Contours on Top of the Main Aquifer 4-23 
4.4-4 Surface and Groundwater Sampling Locations 

within and Near the Laboratory 4-24 

• 4.5-1 Schematic of T A-49 Stratigraphy from Logs 
of Deep Test Wells 4-34 

4.5-2 Schematic of MDA AB Stratigraphy 
beneath MDA AB 4-35 

4.5-3 Ashflow units 4 and 6 and Surge Deposit Unit 5 
of the Tshirege Member of the Bandelier Tuff at T A-49 4-37 

4.5-4 Faults at Selected Laboratory Technical Areas 4·39 
4.7-1 Location of Experimental Areas, Deep Test Wells, 

and SoiVSediment Sampling Stations at TA~49 4-46 
4.11-1 Generalized Conceptual Model Diagram 

for the TA·49 OU 4-53 
4.11-2 T A-49 SWMU-Specific Conceptual Models (a-d) 4-57 
4.11.3 Conceptual Model for the Hydronuclear Shafts 4-61 
4.11.4 Conceptual Model of Subsurface Contaminant Transport 4-62 
4.11.5 Conceptual Model of Surface Contaminant Transport 4-63 
5.6-1 Decision Process for the T A·49 OU 5-17 
5.7-1 Data Quality Objectives for Phase I 5-26 
5.7-2 Data Quality Objectives for Phase II 5-30 
6.1-1 Baseline Characterization Sampling Locations at TA-49 6.1-8 
6.2·1 Engineering Diagram of Area 11 around the 

Period of Peak Site Activities 6.2·4 
6.2-2 Layout and Hole Construction Information for 

Small-scale Shot Area 6.2-5 
6.2-3 Soil Sample Locations and Plutonium Levels 

for Area 11 from the 1987 A411 Survey 6.2-9 

• 6.2-4 Interpretive Sketch of Area 11 Based on 
Geophysical Data 6.2-11 

T A-49 Operable Un" RFI Work Plan xl May 1992 



6.2-5 Proposed RFI Soil and Core Sampling • Locations at Area 11 6.2-14 
6.3-1 Photographs of the Open Burning/Landfill Area, 

Possible Location of the Small Landfill, and the 
Open Trenches 6.3- 2 

6.3-2 Photographs of the Open Burning/Landfill Area 6.3- 3 
6.3-3 Engineering Drawing of Area 6 6.3- 4 
6.3-4 Soil Sampling Locations for the 1987 A411 

Study of the Open Burning/Landfill Area 6.3- 9 
6.3-S Interpretive Sketch of the Landfill/Open Burning 

Area Based on Geophysical Data 6.3-10 
6.3-6 Proposed RFI Sampling Locations for the Open 

BurningILandfili Area 6.3-14 
6.3-7 Proposed RFI Soil Sampling Locations for Area 6 Soils 6.3-15 
6.4-1 Engineering Site Diagram for Area S 6.4- 4 
6.4-2 Early Lc:.youts of Structures at Area 5 6.4- 5 
6.4-3 Area 5 Photographs Around the Time of Peak 

Site Activities 6.4-7 
6.4-4 Proposed Area 5 RFI Soil Sampling Locations 6.4-12 
6.S-1 Area 10 Engineering Site Drawing 6.5- 3 
6.S-2 Engineering Drawings of the Underground 

Chamber Complex at Area 10 6.5- 4 
6.5-3 Cross Section through the Area 10 Shafts 6.S- 5 
6.5-4 Photograph of the Underground 

Experimental Chambers 6.5-7 
6.5-S Proposed RFI Sampling Locations for Area 10 6.5-10 • 6.6-1 Engineering Drawing of Area 12 Around the 

Period of Peak Site Activities 6.6.-4 
6.6-2 Area 12 Soil Sampling Locations and 

Summary of Results from the 1987 A411 Survey 6.6- 7 
6.6-3 Proposed Area 12 RFI Soil Sampling Locations 6.6-10 
7.1-1 October 1965 Aerial Photograph of MDA AB 7- 3 
7.1-2 Logic Flow for Field Samples at MDA AB 7-10 
7.2-1 MDA AB Shot Hole Patterns and Depths (Figures a-e) 7-11 
7.3-1 1987 A411 Survey Sampling Locations for Area 1 7-25 
7.3-2 Appearance of the Collapsed Section of Asphalt 

over Area 2 in 1975 7-29 
7.3-3 Approximate Location of Test Holes Adjacent to Areas 

2, 2A, and 2B 7-31 
7.3-4 Moisture Profiles Measured in Area 2 Test Holes 

in 1981 and 1991 7-32 
7.3·5 1987 A411 and Special Study Soil Sampling 

Locations for Areas 2, 2A, and 2B 7·38 
7.3-6 1987 A411 Soil Sampling Locations for Area 3 7-42 
7.3-7 1987 A411 Soil Sampling Locations for Area 4 7·45 
7.3-8 I nterpretive Sketch of Area 4 Based on Geophysical 

Data 7-47 
7.5-1 Phase I Borehole and Soil Sampling Locations 

for Area 1 7·58 
7.5-2 Phase I Borehole and Soil Sampling Locations for 7-59 

Areas 2, 2A, and 2B • 7.5-3 Phase I Soil Sampling Locations for Area 3 7-60 
7.5-4 Phase I Soil Sampling and Phase II Borehole 

TA-49 Operable Unit RFI Work Plan xii May 1992 



Contents 

• Locations for Area 4 7-61 
7.5-5 Placement of Area 2 Lateral Borehole 7-69 
8.3-1 Site Map Showing the Location of T A-49 

Septic Systems 8- 3 
8.4-1 Location of Former HE Storage Units at T A-49 8- 5 
8.5-1 May 1954 Aerial Photo Showing the Locations 

of Borrow Pits along State Road 4 8-7 
8.6-1 Map of Disturbed Areas at TA-49 8- 8 

• 

• 
TA-49 Operable Unit RFI Work Plan xiii May 1992 



Contents 

LIST OF ANNEXES • Annex I Project Management Plan 1-1 

Annex II Quality Assurance Project Plan 11-1 

Annex III Health and Safety Project Plan 111-1 

Annex IV Records Management Project Plan IV-1 

Annex V Community Relations Project Plan V-1 

• 

• 
TA-49 Operable Unit RFI Work Plan xiv May 1992 



• LIST OF APPENDICES 

Appendix A Topographic Map of TA-49 A-1 

Appendix B TA-49 Engineering Drawings B-1 

Appendix C Field and Laboratory Investigation Methods C-1 

Appendix D Tabulation of Data from Previous T A-49 D-1 
Environmental Studies 

Appendix E Analytical Tables E-1 

Appendix F In situ Radiological Survey Methods F-1 

Appendix G Hydrogeologic Map ofTA-49 G-1 

Appendix H TA-4Q Operable Unit Work Plan 
Contributors: Education and Relevant Experience H-1 

Appendix I National Environmental Policy Act Documents 1-1 

• 

• 
TA-49 Operable Unit RFI Work Plan xv May 1992 



• 

• 

• 

ACRONYMS AND ABBREVIATIONS 

AA 
ADS 
AEC 
AEOC 
AOC 
AP 
ARAR 
ASA' 
ASTM 
AT 
AT·9 
BDL 
BNM 
CA 
CEARP 

CERCLA 

CFR 
Ci 
CLP 
CMS 
COC 
COE 
COLIWASA 
DEC 
D&D 
DOE 
DOEIAL 

DOE/HQ 
DOEILAAO 
DOT 
DQO 
EA 
EES-1 
EIS 
EM 
EMO 
EM-7 
EM·8 
EM·9 
EM·13 
ENG-5 
EPA 
ER 
ES&H 
ESG 
FID 

Atomic absorption 
Activity Data Sheet 
US Atomic Energy Commission 
Alternate Emergency Operations Center 
Area of concern 
Administrative Procedure 
Applicable or Relevant and Appropriate Requirements 
American Society of Agronomy, Inc. 
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Decontamination and Decommissioning 
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Emergency Management Office 
Waste Management Group 
Environmental Surveillance Group 
Health and Environmental Chemistry Group 
Environmental Restoration Group 
Facilities Maintenance Group 
US Environmental Protection Agency 
Environmental Restoration 
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T A-49 Operable Unit RFI Work Plan 

Field Instrument for Detection of Low Energy Radiation 
Facility for Information Management, Analysis, and 
Display 
Field Sampling Plan 
Fiscal year 
Five Year Plan 
Gallon 
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Geographical Information System 
Geiger-Mueller 
Health and safety 
Hazardous Devices Team 
High explosive 
High Pressure Ion Chamber 
Hazard Ranking System 
Health and Safety (Division) 
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No further action 
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Occupational Safety and Health Administration 
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Project Leader 
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QAPjP 
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QAP 
QAJQC 
QP 
QPP 
QPPl 
RA 
Rd 
RD 
RFA 
RCRA 
RFI 
RI 
RMP 
RPF 
SAP 
SARA 
SMF 
SNM 
SOP 
SSP 
SVOC 
SWMU 
TA 
TAL 
TClP 
TCl 
TlD 
TRU 
TU 
UC 
USATHAMA 
USC 
USDA 
USGS 
UST 
VCA 
VCP 
VOA 
VOC 
WBS 
WIN 
WIPP 
XRF 
jJ.Ci 

Quality Assurance Project Plan 
Quality assurance 
Quality Assurance Plan 
Quality Assurance/Quality Control 
Quality Administrative Procedure 
Quality Program Plan 
Quality Program Project leader 
Remedial Action 
Retardation Factor 
Remedial Design 
RCRA Facility Assessment 
Resource Conservation and Recovery Act 
RCRA Facility Investigation 
Remedial Investigation 
Records Management Plan 
Records Processing Facility 
Sampling and Analysis Plan 
Superfund Amendment Reauthorization Act 
Sample Management Facility 
Special nuclear material 
Standard operating procedure 
Site-Specific plan 
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Solid Waste Management Unit 
Technical Area 
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Toxicity characteristic leaching procedure 
Target Compound List 
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University of California 
US Army Toxic and Hazardous Materials Agency 
US Code 
US Department of Agriculture 
US Geological Survey 
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Voluntary corrective action 
Vitrified clay pipe 
Volatile organic analyses 
Volatile organic compound 
Work Breakdown Structure 
Waste Information Network 
Waste Isolation Pilot Plant 
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T A-49 Operable Unit RFI Work Plan iii May 1992 



Acronyms and Abbreviations 

• RADIONUCLIDESa AND METALS 

241Am Americlum-241 

137Cs Cesium-137 

239Pu, 240pu, 241Pu Plutonium-239, 240,241 

90Sr Strontium-90 

3H Tritium 

235U,238U Uranium-235,238 

Pb Lead 

Be Beryllium 

aNumbers refer to specific isotopes of radionuclides. 
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Introduction. 

1.0 INTRODUCTION 

1.1 Overview of the Environmental Restoration Program 

In March 1987, the Department of Energy (DOE) established a nationwide 
Environmental Restoration (ER) Program to address environmental cleanup 
requirements at its facilities. Los Alamos National Laboratory (the Laboratory) is 
operated for DOE by the University of California (UC) and is subject to the 
DOE's ER program. 

The Laboratory's operational requirements, outlined in the Resource 
Conservation and Recovery Act (RCRA) operating permit, are implemented by 
the Laboratory's ER program. In particular, the Hazardous and Solid Waste 
Amendment (HSWA) Module VIII and schedules of the Part B Operating Permit 
issued by the Environmental Protection Agency (EPA) give specific 
requirements affecting the conduct of the ER program (EPA 1990, 0306). The 
HSWA Module became effective on May 23, 1990. The Laboratory's ER 
program also is consistent with the requirements of the Comprehensive 
Environmental Response, Compensation, and Liability Act (CERCLA). 

The HSWA Module requires the Laboratory to prepare an installation-wide work 
plan to contain the programmatic elements of a RCRA Facility Investigation 
(RFI) Work Plan. This requirement was satisfied by a Laboratory-wide 
Installation Work Plan (IWP) submitted to the EPA on November 19, 1990 
(LANL 1990, 0144). The IWP, which is updated annually, serves as the plan by 
which DOE/UC will conduct the ER program at the Laboratory. The IWP 
describes the ER program and its history at the Laboratory, provides an 
installation-wide description of current conditions, identifies the Laboratory's 
Solid Waste Management Units (SWMUs) and their aggregation into a number 
of Operable Units (OUs), and presents the Laboratory's overall management 
and technical approach for meeting the requirements of the HSWA Module. The 
IWP is the document to which individual OU work plans are tiered. Relevant 
information presented in the IWP will be referenced but not repeated in OU 
work plans. 

1.2 Hazardous and Solid Waste Amendment Requirements 

The HSWA Module also requires the Laboratory to prepare OU work plans for 
specific investigations. The Technical Area 49 (TA-49) work plan is one of 24 
OU work plans ~o be prepared. Within the ER program, the TA-49 assessment 
task is identified by Activity Data Sheet (ADS) 1144 and the OU is referenced 
as OU 1144. Additional information regarding the Laboratory's ER program, its 
implementation, and the guidance under which the T A-49 work plan was 
prepared is given in Chapter 3 of the IWP. 

The TA-49 work plan addresses two of the SWMUs listed in Table A of the 
HSWA Module of the Laboratory's Part B Operating Permit and addresses one 
of the priority SWMUs (SWMU 49-001) appearing in Table B of the HSWA 
Module. The T A-49 work plan thus contributes to the Laboratory's commitment 
to address 35% of Table A SWMUs and 55% of Table B SWMUs, by May 23, 
1992, as required by the HSWA Module. The significance of the small number 
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of T A-49 SWMUs is misleading because Materials Disposal Area AB or MDA 
AB (SWMU 49-001 in Tables A and B) was estimated in 1986 to contain over 
80% of the Laboratory's inventory of buried transuranic (TRU) waste by 
radioactivity content (Purtymun and Ahlquist 1986, 03-0013). 

Table 1.2-1 summarizes the designations and alternative identification schemes 
for the TA-49 SWMUs listed in the November 1990 Laboratory SWMU report 
(LANL 1990, 0145). This table also identifies logical groupings for SWMU 
investigations and the work plan section in which each SWMU is addressed. 

The November 1990 Laboratory SWMU report lists 9 T A-49 SWMUs that are 
subdivided into 21 SWMU subunits, of which only 2 are listed in the May 1990 
HSWA Module. Appendix G of the November 1990 IWP lists 20 SWMUs and 
omits SWMU 49-001 (misc.), which is a nonspecific category that has been 
incorporated into the other 7 SWMU subunits comprising MDA AB. All of these 
SWMUs are addressed specifically in the TA-49 OU work plan. No Areas of 
Concern (AOC) are listed for TA-49 in the 1990 SWMU report. No new SWMUs 
or AOCs were identified during the preparation of the T A-49 OU work plan. 

• 

Section 3.9 of the November 1991 IWP (LANL 1991, 0553) states that each OU 
work plan may propose a HSWA Module Class III permit modification to adjust 
the number of SWMUs listed in Table A of the HSWA Module. Such 
adjustments may be made to remove SWMUs if it is determined that they need 
no further investigation. As described in Chapter 8, no further action (NFA) is 
proposed for three T A-49 SWMUs listed in the Laboratory's November 1990 
SWMU Report (none of these are listed in the HSWA Module). Two of these 
SWMUs consist of recently installed National Pollutant Discharge Elimination • 
System (NPDES)-permitted septic systems that have no credible source term. 
The third NFA SWMU, currently listed as an "underground fuel tank," is believed 
never to have existed. The detailed basis for deletion of these SWMUs from the 
Laboratory's SWMU list is given in Chapter 8. 

Because conduct of the TA-49 RFI is scheduled to take approximately 5 yr, 
contingent on the availability of funding. the Laboratory proposes to submit 
technical memoranda (Phase Reports) on site characte"rization activities for 
TA-49 SWMUs to update the EPA and other interested parties on RFI field work 
progress. These update memoranda also may serve as work plan modifications 
for revising field sampling plans, as appropriate. to reflect initial characterization 
results. Therefore, technical memoranda will be essentially partial RFI Phase I 
reports and partial RFI Phase II work plans. The schedule for these technical 
memoranda/work plan modifications is presented in Table EXEC-2 and in 
Annex I (Project Management Plan) of this OU work plan. 

1.3 Description of the TA-49 Operable Unit and Solid Waste 
Management Units 

Technical Area-49 occupies Frijoles Mesa at the southern boundary of the 
Laboratory. Figure EXEC-1 shows the regional location of the Laboratory and 
Figure EXEC-2 shows the location of TA-49 with respect to other Laboratory 
T As as well as public and private properties surrounding the Laboratory. 
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• • • TABLE 1.2-1 

TA-49 SWMU INVESTIGATION GROUPS AND DESIGNATIONSa 

.... » Work Plan Original SWMU CEARP ERRelease cf; Investigation Chapter for LIst In Table Current Identification Site 
0 Group Section A,B of Permit SWMULIst Location Description Number RFAUnlt Information 
i 
ii1 MDAAB 7 40·001 49-001 (a) Area 1 Exporimontal shafts b 49.001 D' 
a; (Priority SWMU) 49-001 (b) Area 2 Experimental shafts b 
c: 49-001 (c) Area.2A Experimental shafts b 
:::I 
::; 49·001 (d) Area2B Experimental shafts b 
::0 49·001 (e) Area 3 Experimental shafts b 
::!! 49-001(f) Area 4 Experimental shafts b 

~ 49-001 (g) Area 2 Soil contamination b 

~ 49-001 (misc) MDA-AB Miscellaneous TA49-3- 49.005 TSK51:1-13 
-a CA-I-HWIAW 49.001 
iii 
::s 

Control Area 6.4 49-oo5(b) Area 5 Landfill b TSK52:25 
49-008(a) Area 5 Soil Contamination b TSK52:19 
49-006 Area 5 Sumps b TSK52:17 
49-005(a) East of Area 10 Landfill b TSK52:26 

Landfills, Trenches, 6.3 49·004 Area 6 Landfill TA49-2- 49.006 TSK52:24 .... and Area 6 Soil L-I-HW/RW 
I 

Co) Contamination 49-008(b) Area 6 Soil Contamination b TSK52:23 

Experimental Chamber 6.5 49-002 Area 10 Underground Chamber TM9-3- TSK52:27 
(Area 10) CA-I-HWIRW 

RadiochemistTy and 6.2 49-003(2) 49-003 Area 11 Leachfield TM9-1- 49.003 TSK52:14 
Small·Scale Shot Area CA-I-HWIRW 

TA49·3- 49.004 
CA·1-HW/RW 

49-00B(c) Area 11 Soil Contamination b TSK52:1B 

Bottle House Area 6.6 49·008(d) Area 12 Underground Chamber; b TSK52:22,31 
(Area 12) Soil Contamination 

Underground Tank B.2 49-009 c Underground Tank b TSK52;30 

== Septic Systems B.3 49-007(a) Area 6 Septic System TA49-5- TSK52-15 
III 
'< ST·A-HW ... 49·oo7(b) HDTArea Septic System TA49-5- TSK52:16 
I: 
I\) ST-A·HW 1-

"'B8sellne CflafacienzaliOO IS addi'ess9d in sectiOI'IG.1. 
tNo corresponding EA Program Unit 
CNonexlstent; no further action proposed (Chapter B). 



Chapter 1 Introduction 

Figure EXEC-3 identifies the location of SWMUs and other salient site features • 
at TA-49. TA-49 occupies approximately 1280 acres; its boundaries are defined 
by TA-15 to the north (the edge of Water Canyon), Bandelier National 
Monument to the west and south (State Road 4), TA-39 to the east, and 
TAs -16 and -37 to the north and west Appendix A contains a topographic map 
of TA-49 that indicates the location of SWMUs and other relevant aspects of the 
OU. Appendix B contains site maps and drawings, survey coordinates of shafts, 
and other engineering details relevant to the TA-49 RFI. Engineering data are 
available from the period of peak experimental activity at TA-49 (1959-1961) to 
the present. Details of the TA-49 environment, its past use, and known or 
potential release sites are given in Chapters 3-8 and in Appendix D. 

TA-49 has been used from the mid-1940S to the present as a buffer zone for 
firing sites in adjacent TAs -15 and -39. A period of intense experimental activity 
at TA-49 took place from late 1959 through mid-1961, during which 
hydronuclear and related experiments deposited significant amounts of 
plutonium, uranium, lead, and beryllium in underground shafts. These activities 
were responsible for almost all of the radioactive and hazardous materials 
existing at T A-49 at the present time. Much smaller amounts of highly localized 
contamination, predominantly radionuclides in the near surface at MDA AB and 
Area 11, also are known to be present at TA-49. 

As described in Chapter 3 of this OU work plan, other limited uses of TA-49 
have occurred since 1961. Presently, small portions of the site are used as a 
training area by the Laboratory's Hazardous Devices Team (HDT), for siting of 
the Laboratory's Alternate Emergency Operations Center (AEOC), for high-
power microwave experimentation by Group AT-9, and for ground-resistance • 
experiments by Group OS-4. One of the Laboratory's meteorological stations 
also is located at TA-49 (referred to as the Bandelier Meteorological Station). 
However, other than the use of small amounts of explosives by the HDT during 
training exerCises, current TA-49 activities involve no use of significant 
quantities of hazardous or radioactive materials. 

1.4 Work Plan Organization 

The purpose of the TA-49 Work Plan is twofold: to satisfy the regulatory 
requirements of the HSWA module and to serve as the detailed field sampling 
plan for personnel who will implement the RFI characterization activities 
discussed herein. The HSWA Module sets out the general scope of the work 
plan. establishes the expected correspondence between the RFI tasks identified 
in EPA guidance documents (EPA 1989, 0088) and the equivalent ER Program 
tasks, and specifies the requirements to be fulfilled, as outlined in the IWP and 
the OU work plans. These considerations are summarized in Table 1.4-1, which 
has been adapted from the HSWA Module (pg. 32). 

Table 3.2 of the 1991 IWP proposes an outline for OU work plans, which may 
be modified somewhat to fit the needs of individual OUs. The T A-49 work plan 
includes all the elements specified by this outline, but the form has been 
modified to be more logically consistent with the T A-49 OU. 

• 
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The EPA defines five general tasks within the RFI process (EPA 1989, 0088; 
EPA 1990, 0306). These tasks are described below, with reference to the 
chapter of the T A-49 work plan that addresses each task. 

• RFI Task I, Description of Current Conditions. This task 
consists of a presentation of facility background information and 
a general discussion of the nature and extent of contamination. 
General historical background information on TA-49 is 
presented in Chapters 3 and 4. SWMU-specific information is 
contained in Chapters 6-8. 

• RFI Task II, RFI Work Plan. This task requires plans for 
Project Management, Quality Assurance, Data Management, 
Health and Safety, and Community Relations. These plans are 
presented in Annexes I-V. 

• RFI Task III, Facility Investigation. This task sets out 
requirements for further environmental characterization of the 
site. The environmental setting is described in Chapter 4 and 
known data on the nature and extent of contamination at 
individual SWMUs are presented with the field investigation 
objectives and sampling plans in Chapters 6 and 7. Pathway 
and assessment considerations are discussed in Chapter 5. 
SWMUs proposed for no further action are addressed in 
Chapter 8. 

• RFI Task IV, Investigative Analysis. This task contains 
subsets of Data Analysis and Protection Standards and is 
addressed in the IWP. 

• RFI Task V, Reports. This task calls for preliminary, work plan, 
progress, draft, and final reports. As outlined in the IWP, 
Laboratory work plans are provided on an installation-wide 
basis and for specific ER program activities such as the T A-49 
RFI. The site-specific TA-49 au work plan has been prepared 
in accordance with this requirement. Table EXEC-2 and Annex I 
(Project Management Plan) of this au work plan give 
schedules for TA-49 RFI reports. Periodic reports for the entire 
ER Program, as well as draft and final RFI Reports, will be 
submitted as described in the IWP . 
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TABLE 1.4-1 
RFI GUIDANCE FROM THE LABORATORY'S RCRA PART B PERMIT (pp.32) 

AND CORRESPONDING PORTIONS OF THE T A-49 RFI WORK PLAN 

Scope of the R F I 

RCRA Facility Investigation 
Specified Tasks: 

Task I: Description of Curren! Conditions 
A. Facility Background 
B. Nature and Extent of Contamination 

Task II: RFI Work Plan 
A. Data Collection QA Plan 
B. Data Management Plan 
C. Community Relations Plan 

Task III: Facility Investigation 
A. Environmental Setting 
B. Source Characterlzalion 
C. Contamination Characterization 
D. Potential Receptor Identification 

Task IV: Investigative Analysis 
A. Data Analysis 
B. Protection Standards 

Task V: Reports 
A. Preliminary and Work Plan 
B. Progress 
C. Draft and Final 

• 

LANLIWP 

I. LANL Installalion RIIFS Work Plan 
A. Installallon Background 
B. Tabular Summary of Contamination 

by Site 

II. LANL Installation RIfFS Work Plan 

III. 

IV. 

A. General SOPs for Sampling, 
Analysis, and QA 

B. Technical Data Management 
Program 

C. Health and Safety Program 
D. Community Relations Program 

V. Reports 
A. LANL tnstallation RifFS Work Plan 
B. Annual Update of LANL 

Installation RifFS Work Plan 
C. Draft and Final 

• 

ER Program Equivalent 

LANL Task/Site RifFS Corresponding Portions of the T A-49 
Work Plan 

I. Task/Site Conditions I. 
A. Task/Site Background A. Chapters 3 and 4 
B. Nature and Extent of Contamination B. Chapters 6 - 8 

II. LANL Task/Site RifFS Documents II. 
A. QA Project Plan and A. Annex II and Chapters 6 and 7 

Field Sampling Plan 
B. Technical Dala Management Plan 
C. Health and Safely Plan 
D. Community Relations Plan 

III. Task/Site Invostigalion 
A. Environmental Sotting 
B. Source Characterization 
C. Contamination Characterization 
D. Potential Receptor Identiflcallon 

IV. LANL Task/Sile Investigative Analysis 
A. Data Analysis 
B. Protection Standards 

V. LANL Task/Site Reports 
A. QA Project Plan, 

Field Sampling Plan, Technical Data 
Management Plan, Health and 
Safety Plan, Community Relations 
Plan 

B. Annex IV 
C. Annex III 
D. Annex V 

III. 
A. Chapter 4 
B. Chapters 6 8 
C. Chapters 6 - 8 
D. Chapter 5 

IV. 
A. IWP 
B. IWP 

V. 
A. Annexes 1- V 

B. LANL Task/Site RifFS Documents B. Chapter 1; Annex 
and LANL Monthly Management 
Status Report 

C. Draft and Final C. Chapter 1; Annex I 

• 
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Chapter 2 Approach to RCRA Field Investigations 

2.0 APPROACH TO RESOURCE CONSERVATION AND RECOVERY ACT 
FIELD INVESTIGATIONS 

The IWP (LANL 1991, 0553) specifies the ER Program's technical and 
management approaches for compliance with the HSWA Module of the RCRA 
Part B operating permit (EPA 1990, 0306) and other regulatory obligations. 
These approaches define the framework within which the T A-49 au RFI work 
plan must function, as well as general concepts and objectives guiding the field 
investigation, and are described in this chapter. 

2.1 Observational Approach 

The observational approach embodies the philosophy that remedial action can, 
and often should, be initiated without "full" characterization of the nature and 
extent of contamination (see Appendix J of the IWP). For many SWMUs, 
concepts for probable remedial action can be formulated before complete 
characterization information has been collected to define all uncertainties 
related to unit conditions. The goal is to collect only the data that is required to 
reduce uncertainties to an acceptable level. In some cases, there may be clear 
benefits from focusing on particular remedial actions while still in early stages of 
the characterization process. 

For example, to apply the observational approach to the stabilization-in-place 
remedial option, the only characterization needed is that which defines the 
consequences of leaving waste in place. For other SWMUs, removal will clearly 
be an appropriate remedial alternative; in which case, full characterization may 
be curtailed in preference to monitoring during waste removal. 

Probable remedial altematives for the T A-49 OU are presented in Chapter 5 of 
this work plan. It is likely that for many TA-49 SWMUs, Phase I of the RFI will 
demonstrate that no further action (NFA) is the appropriate remedial decision. 
At the other extreme lies MDA AB, for which the RFI probably will require at 
least two phases extending over a 5-yr period. Given present information on 
MDA AB, the most likely remedial response is the conditional remedy of 
capping/stabilization accompanied by long-term institutional control, 
maintenance, and monitoring. Using the observational approach, the RFI for the 
T A-49 au has been designed to provide that information required to evaluate 
the appropriateness of likely remedial responses. 

2.2 Data Quality Objectives 

The data quality objective (DOO) process provides a step-by-step procedure for 
focusing the objectives of the field investigation and ensuring that proposed 
data collection activities are carefully developed from, and tied back to, decision 
criteria and strategies. The result is a clear definition of the key remedial issues 
and specification of the types, quantity, and quality of data required to achieve 
RFI objectives. The philosophy and details of the DOO process are given in 
various EPA publications (for example, EPA 1987, 0086). 
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The DaO process has been embraced in the development of the T A-49 OU 
work plan. General DaOs are addressed in Chapter 5 and are developed more 
specifically for individual SWMUs in the relevant sections of Chapters 6 and 7. 
These portions of the work plan include discussions of DaO logic diagrams, 
decision points, and decision criteria. 

2.3 Decision Analysis 

The decision analysis approach, which provides for efficient identification and 
evaluation of corrective measures alternatives, is described in Appendix I of the 
IWP. This appendix describes how decision analysis will be used in the ER 
Program. Because the decision analysis process is being developed 
concurrently with the TA-49 OU work plan, the process will be applied to this 
operable unit during the first year of field work, reflecting the decision-making 
framework described in the IWP. Future documents describing work at the 
T A-49 OU will also reflect this approach. 

2.4 Cost-Effectiveness Analysis 

Cost-effectiveness analysis compares the costs of alternative strategies for 
achieving remedial goals to the cost of the least expensive alternative, if 
appropriate. Coupled with the observational approach, the application of this 
philosophy during the RFI may lead to the decision that additional 
characterization for a SWMU is less cost effective than proceeding directly to a 
remedial action. This decision requires an assessment of the uncertainties that 
would result from incomplete characterization against the probable costs and 
benefits of additional characterization. This general philosophy has been 
followed in the development of the TA-49 RFI work plan. 

2.5 Aggregation of Solid Waste Management Units 

TA-49 SWMUs have been aggregated into logical investigation groups on the 
basis of location and/or known physical characteristics (Table 1.2-1). Each 
grouping is assigned a section in Chapters 6 and 7, where the relevant field 
investigation plan is described. The logic for these groupings and their 
relationship to the work plan design are discussed in Section 3.5 of this work 
plan. 

2.6 Technical Approach 

Chapter 3 of the IWP outlines the technical approach generally employed in the 
Laboratory's ER Program. Key elements are summarized in this subsection as 
they pertain to the development of the TA-49 OU work plan. 
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2.6.1 Action Levels 

The use of Action Levels (defined in EPA's proposed Subpart S regulations) as 
criteria for identifying releases from SWMUs and for determining the need for a 
Corrective Measures Study (CMS) is discussed in Subsection 3.5.2.2 and 
Appendix F of the IWP. Section 5.1 of this OU work plan discusses action 
levels in relation to the T A-49 RFI/CMS. 

2.6.2 Sequential Sampling and Wor" Plan Phases 

Field sampling plans in this work plan are based on sampling concepts 
discussed in Appendix H of the IWP. In general, sequential sampling uses the 
results from each sample set to determine if additional sets are required and to 
guide the selection of the subsequent sample set. In this iterative process, each 
incremental set of samples aids in determining the required number of 
additional samples and their optimal locations. 

Sequenced sampling is closely related to the concept of a phased approach to 
the RFI. Only a single phase of work is expected to be necessary for most 
T A-49 SWMUs, but two phases are planned for both MDA AB and Area 11, 
which contain almost all of the site contaminants. Phase I will provide initial 
:nformation required for detailed planning of the subsequent phase. 

2.6.3 Risk Assessment 

In general, RFI characterization leads to risk assessment which, with decision 
analysis, is used to determine the need for remedial action. Health-risk-based 
analyses will be used to set clean-up levels at Laboratory SWMUs. The T A-49 
RFI is designed to provide data for both radiological and nonradiological risk 
assessment following the RFI at individual SWMUs and over the entire OU. The 
ER Program is currently developing baseline risk assessment scenarios and 
criteria that will be presented in the 1992 version of the IWP. This approach will 
be developed in adequate time for data analysis. 

2.6.4 Integration with Other Laboratory Activities 

To the maximum practical extent, the TA-49 RFI work plan has been integrated 
with other Laboratory-wide environmental activities. In particular, the ER 
Framework Studies program and the Laboratory's Environmental Surveillance 
Program have interests that strongly overlap with the TA-49 RFI. The TA-49 RFI 
also will be integrated with work plans currently being developed for adjacent 
TAs -15, -39, and -16 and for the Canyons Assessment work plan to be 
developed later. Specific examples of integrated activities are deep borehole 
placement and other subsurface characterization. Data needs for the TA-49 RFI 
that overlap with other environmental activities of this nature are pointed out in 
the T A-49 work plan. 

RFI coordination with non-ER operations at TA-49 is required also. Because 
both current and planned use of T A-49 for on-site Laboratory operations is light 
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and the activities generally are located away from SWMUs, the impact of the 
RFI should be minimal on non-ER site activities. However, the RFI must be 
coordinated with these routine activities, as well as with TA-15 firing site 
activities and Hazardous Devices Team activities, which require occasional 
planned evacuation of TA-49. 

2.7 Technical Objectives 

2.7.1 General Technical Objectives 

The technical objectives of the T A-49 RFt are summarized below: 

• 

• 

• 
• 

• 

• 

• 

determine whether contaminants are present above action 
levels at each SWMU; 

identify those contaminants that are present above action 
levels; 

determine the vertical and lateral extent of contamination 

Identify contaminant migration pathways aU-wide and for each 
SWMU; 

acquire sufficient information to allow quantitative migration 
pathways analysis and baseline risk assessment; 

provide data necessary for preliminary assessment of potential 
remedial alternatives; and 

provide the basis for detailed planning of the Correction 
Measures Study (CMS). 

The approaches used to attain these objectives for the TA-49 au are outlined in 
the next several sections. In addition to these technical objectives, management 
objectives require that the RFI be conducted in an efficient, cost-effective 
manner and that the RFI be coordinated properly with institutional constraints of 
the Laboratory. 

2.7.2 Baseline Characterization 

Characterization of site-specific hydrogeologic properties is a specific 
requirement of Section P of the HSWA Module (EPA 1990, 0306). Limited 
baseline characterization during the T A-49 RFI will help define the variability of 
environmental factors relevant to the evaluation of the potential for contaminant 
migration from individual TA-49 SWMUs. Baseline characterization also will 
provide information necessary for distinguishing SWMU-related contaminants 
from aU-wide contamination and natural variations in background levels. 
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Because this type of data is relevant Laboratory-wide, planning for this portion 
of the RFI has been deferred (to the extent practical) to Framework Studies 
investigations, but the baseline characterization essential to the TA-49 au is 
proposed in this au work plan. 

2.7.3 Individual SWMU Characterization 

A combination of discrete surface sampling and surface radiological surveys for 
transuranic (TRU) contaminants will be used to define the spatial extent and 
distribution of surface contamination at individual TA-49 SWMUs. 
Characterization of additional vertical and lateral boreholes and recovered core 
samples (especially at MDA AB) and monitoring of the existing network of 
boreholes will be used to assess subsurface units. Details of the 
characterization plan for each SWMU are addressed in Chapters 6 and 7. 

2.7.4 Field Investigation Methods 

Common methodologies applicable to the conduct of T A-49 RFI activities are 
summarized in Appendix C of this work plan and are referenced in the individual 
SWMU sampling plans. Field survey, fie:d screening, field laboratory, and off
site analytical laboratory measurements will be used for individual SWMUs as 
appropriate . 

2.8 Integration with CERCLA, NEPA, and DOE Orders 

Section 1.4.4 of Annex I of the IWP Program Management Plan discusses the 
integration of the RCRA-based ER Program with applicable requirements of the 
Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) and the National Environmental Policy Act (NEPA). Additionally, the 
ER Program will comply with all other applicable federal acts, state statutes, 
and DOE orders and policy statements identified in the IWP Program 
Management Plan. 

Appendix I of this au work plan contains NEPA-related documents that pertain 
to cultural and biological assessments relevant to the T A-49 work plan (as of 
May 1992). It is expected that DOE will issue a categorical exclusion for RFI 
activities at the TA-49 au. 

DOE Orders applicable to the Laboratory's ER program are identified in the IWP 
Program Management Plan. Compliance with the reqUirements of these orders 
is an integral part of Laboratory operations and is ensured through the 
documented pOlicies, planning, auditing, and work review procedures of the 
Laboratory. 

For the TA-49 au, it is especially important to recognize two aspects of DOE 
Order 5820.2A on Radioactive Waste Management (DOE 1988, 0074) that are 
pertinent to the RFI process. First, in regard to buried TRU waste in. 
experimental shafts at MDA AB, Sec. 11.3.i of this order i6entifies site 
characterization and closure requirements (see Section 5.3 of this au work 
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pian). Second, in regard to low-level radioactive waste that also is certain to 
exist at MDA AB, the order specifies requirements that may be applicable or 
may provide useful guidance for RFI assessment. The T A-49 work plan is 
designed to take these considerations into account. 

2.9 Natural Resource Damage Assessment 

The environmental restoration work at Los Alamos l'Jational Laboratory is 
performed in compliance with the Laboratory's RCRA Part B operating permit. 
However, this work also is performed in accord with applicable sections of 
CERCLA, as required by DOE Order 5400.4 (DOE 1989, 0078). The CERCLA 
Section 120 extends natural resource damage liability to federal facilities, which 
includes the Laboratory. The first part of the natural resource damage 
assessment is a Preassessment Screen governed by regulations in 43 CFR 11; 
the Preassessment Screen will be used to determine whether a full natural 
resource damage assessment is appropriate. The Preassessment Screen will be 
integrated with the CERCLA ecological assessment process for the T A-49 
operable unit. A general description of the Preassessment Screen and the 
ecological assessment will be written for inclusion in the revised IWP. Any 
modifications of the general procedure that might be necessary for this OU will be 
described in future reports of progress pertaining to the TA-49 RFI. This is 
consistent with the Guidance for Natural Resource Trusteeship and 
Ecological Evaluation for Environmental Restoration at DOE Facilities, 1991 . 

2.10 Voluntary Corrective Actions 

Voluntary corrective actions (VCAs) will be taken in situations encountered 
during the RFI where it is obvious that simple removal of highly localized source 
terms can be accomplished conveniently and with less expense than required 
for extensive characterization. The extent to which VCA can be taken at 
Laboratory SWMUs is limited until the Laboratory's mixed waste 
treatment/disposal facility can be used (1996 at the earliest). However, two 
types of situations are anticipated during the TA-49 RFI for which limited VCA 
may be appropriate. 

One situation arises when soil hot spots contaminated well above levels of 
concern are identified during field activities. If the contamination can readily be 
shown to be highly localized (as expected in most cases at T A-49) , it may be 
desirable to simply remove the isolated contamination and to confirm its 
removal by sampling. 

The TA-49 RFI work plan also proposes the removal of small amounts of 
contaminated piping and related near-surface debris that will interfere with the 
field characterization and that represent troublesome future source terms. 

2.11 Modeling 

• 

In Chapter 4, site-wide and SWMU-specific conceptual models for the TA-49 • 
au are presented. These models are based on available information and are 
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used in the development of the field characterization activities described in 
Chapters 6 and 7. As appropriate, the conceptual models will be revised as 
additional information is acquired during the RFI. 

Computational models will be used to evaluate health-based environmental risk 
(following the RFI) and occupational risk (during RFI fieldwork). Modeling of 
contaminant transport, particularly over long time frames, will be periormed as 
part of the environmental risk assessment. The input required for conceptual 
and computational modeling are important considerations in establishing the 
DOOs for the RFI. Therefore, input for the models in part drives the 
development of the field characterization plans. 

Representative examples and sources of the types of computational modeling 
codes that have been used in the DOO process, and that could be used during 
and after the RFI, include those listed below. 

• Dose assessment: 

• Geochemical/equilibrium: 

• Hydrologic transport: 

• Suriace/air transport: 

• Geostatistics/data analysis: 

2.12 Framework Studies 

RESRAD (DOE) 
CAP88 (EPA) 
GEOEAS (EPA) 
MILDOS (DOE) 

PHREEOE (USGS) 
MINTEO (EPA) 

TRACER3D (DOE) 
SESIL (EPA) 
FEHMN 

CREAMS (USDA) 
GLEAMS (USDA) 

GEOPAC (EPA) 
GEOEAS (EPA) 

Laboratory-wide framework studies will be conducted as part of the Laboratory 
ER Program's programmatic activities. The Framework Studies group currently 
is conducting a pilot study on soils and the Bandelier Tuff to determine the 
background concentration range for a target list of metals and radionuclides. 
The investigation also will collect data on some physical and chemical 
parameters that control constituent mobility. Initial results of the study will be 
presented in the 1992 revision of the IWP and will be available in adequate time 
for use in data analysis. 

2.13 Conditional Remedies 

The concept of conditional remedies is addressed in Section 3.8 of the IWP . 
The conditional remedy of capping/stabilization accompanied by long-term 
monitoring and maintenance is likely to be appropriate for MDA AB because 
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prompt remedial action probably is not required and because practical remedial • 
alternatives are not available at the present time (see Section 5.4 of this OU 
work plan). Therefore, the field investigation for MDA AS focuses on obtaining 
information adequate to evaluate the effectiveness of the aforementioned 
conditional remedy. 

As Section 3.8 of the IWP points out, in cases where the RFI concludes that a 
conditional remedy is the most appropriate remedial action, a formal CMS may 
not be required and the proposed remedy may be presented to the EPA as part 
of an RFI report. The conditional remedy may be declared the final remedy at 
that time, or the EPA may require further corrective action to supplement or 
replace the conditional remedy. 

2.14 NFA Units 

In this OU work plan, several units are addressed for which NFA is proposed. 
Chapter 8 presents the justification and documentation for the NFA 
recommendations. Upon EPA approval of the TA-49 OU work plan, the ER 
Program Office will file a petition for NFA at these units. This will be 
accomplished in the annual update to the IWP I wherein a petition will be 
presented for formal EPA approval of all proposed NFA units across the 
Laboratory's ER Program through a permit modification. 
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3.0 BACKGROUND INFORMATION FOR THE TA-49. OPERABLE UNIT 

This chapter presents a brief overview of past and current use of TA-49. 
Greater detail is contained in Chapters 6 and 7 where SWMU-specific field 
investigations are described. 

3.1 Location 

TA-49 is bounded by TA-15 to the north, State Road 4 to the south and west, 
TA-39 to the east, and TA-16 and TA-37 to the north and west. The relatively 
flat surface of Frijoles Mesa encompasses most of TA-49; Water Canyon 
traverses the northern site boundary, and Ancho Canyon, along with its primary 
tributary, originates within TA-49 boundaries. Chapter 4 provides additional 
information on the TA-49 environmental setting. 

Figures EXEC-1 and EXEC-2 show the regional location of the Laboratory and 
the location of T A-49 relative to other Laboratory sites and perimeter properties. 
Figure EXEC-3, a site diagram of TA-49, indicates the location and nature of its 
associated SWMUs. A topographic map of TA-49 is contained in Appendix A. 
Detailed engineering drawings, site maps, survey coordinates for shafts and drill 
holes, and other information relevant to the TA-49 RFI are contained in 
Appendix B. Figure 3.1-1 (a - e) presents aerial photographs of 
TA-49 taken at various times since 1965. Recent photographs of TA-49 SWMU 
areas are given in Figure 3.1-2 (a - e ) . 

3.2 History 

3.2.1 Prehistoric Use 

Frijoles Mesa has seen extensive prehistoric use (Steen 1977, 0660; Steen 
1982, 0659). Ruins and artifacts are widespread across the mesa top, including 
some SWMU areas. A NEPA-related survey is being carried out in conjunction 
with the TA-49 RFI to document this use and to assess the potential RFI impact 
on cultural resources (see Appendix I of this OU work plan). It is expected that a 
categorical exclusion for TA-49 RFI activities will be issued by DOE. 

3.2.2 Early Uses and Laboratory Acquisition 

Much of the Pajarito Plateau, including present-day TA-49, was part of the 
Ramon Vigil land grant. In the late 1800s and early 1900s the Pajarito Plateau, 
including portions. of Frijoles Mesa, was used for ranching, farming, and timber 
production. Aerial photographs of TA-49 suggest that such uses of present-day 
TA-49 ceased well before 1935. Ruins of one homestead are still evident near 
the main landfill/open burning area (Steen 1977, 0659; Steen 1982, 0660) . 
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Figure 3.1-1 Aerial photographs of T A-49 from 1965 to the present. 
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Frijoles Mesa was added to the Santa Fe Forest Reserve along with the rest of 
the Jemez Section in 1915. The area encompassing present-day TA-49 was 
acquired from the US Forest Service (Santa Fe National Forest) in two parcels, 
as is documented by memoranda of understanding with the Manhattan 
Engineering District dated July 5, 1943 (544 acres) and April 14, 1948 (4506 
acres) (ENG-R 1656 1968, 03-0029). The section between State Road 4 and 
the rim of Frijoles Canyon was transferred to the National Park Service by 
Presidential Proclamation on December 9, 1959, and thereby was included in 
Bandelier National Monument. An extensive archival search, examination of 
aerial photographs, and interviews of many former Laboratory employees 
indicate that the Laboratory has made no use of any kind of the land between 
State Road 4 and Frijoles Canyon. 

From the time of its acquisition by the Laboratory in the 1940s to the present 
day, the portion of Frijoles Mesa north of State Road 4 has served as a 
shrapnel buffer zone for firing sites in adjacent TAs 15 and 39. Historical 
information strongly suggests that there was no other Laboratory use of Frijoles 
Mesa until 1959. 

3.2.3 Site Selection for Hydronuclear Experiments 

In 1959, potential safety problems with nuclear weapons, both in the design 
stage and in service in the US arsenal, were recognized through calculations at 
the Laboratory. These problems were related to the theoretical possibility of a 
significant nuclear yield as a result of accidental detonation of the device's high
explosive (HE) component. 

To assess this potentially grave problem, underground hydronuciear and related 
experiments were designed. In an atmosphere of national urgency, the 
hydronuclear experiments received the necessary approval in late 1959 from 
President Eisenhower and in early 1960 from President Kennedy. Historical 
aspects of the decision to conduct the experiments are contained in a 1987 
Laboratory report (Thorne and Westervelt 1987, 03-0014). 

The US Geological Survey (USGS) was contracted in 1958 and 1959 to perform 
an intensive search for a Laboratory site suitable for the hydronuclear 
experiments from both operational and environmental viewpoints. Frijoles Mesa 
emerged as a leading candidate site, and the choice was· confirmed after an 
extensive hydrogeologic study demonstrated that the lack of perched aquifers, 
lack of recharge waters, and great depth to the main aquifer (about 1200 ft at 
the main experimental area) made the potential for groundwater contamination 
negligible (Weir and Purtymun 1962,0228). This early study greatly contributed 
to the present-day understanding of the Pajarito Plateau geohydrology. Data 
from these studies are described in detail in Chapter 4 of this au work plan and 
were summarized in reports in 1962 (Weir and Purtymun 1962, 0228), 1986 
(Purtymun and Ahlquist 1986, 03-0013), and 1987 (Purtymun and Stoker 1987, 
0204). 

The favorable environmental setting of Frijoles Mesa, combined with its 
relatively remote location and flat terrain that afforded desirable operational 
characteristics, led to its selection for the hydronuclear and related experiments. 
In the fall of 1959, TA-49 was created from T A-15, which had previously 
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encompassed a portion of Frijoles Mesa. Experiments in underground shafts • 
then were conducted at TA-49 from the fall of 1959 through August 1961. 

A roughly rectangular central portion of TA-49 was devoted to the underground 
experiments (Figure EXEC-3). Four underground shaft areas (Areas 1-4, later 
augmented by Areas 2A and 2B) with a central control area (Area 5) were used 
for this purpose. These shaft areas now comprise Material Disposal Area AB 
(MDA AB). Supporting activities were carried out in Areas 6 (crafts area and 
open burning/landfill area), Area 7 (security station). Area 10 (underground 
calibration chamber), Area 11 (radiochemistry and small-scale shot area). and 
Area 12 (Bottle House area). Areas 8 and 9 were never created. 

3.2.4 Hydronuclear and Related Experiments 

Because the TA-49 experiments used limited quantities of SNM (special nuclear 
materials) (plutonium and uranium-235). sophisticated techniques were required 
to observe the nuclear reactions. The maximum fission energy release in any 
experiment was equivalent to only a few tenths of a pound of HE and was 
inSignificant compared to the energy released by detonation of conventional 
explosives in the experimental assemblies. The experiments were carried out in 
underground shafts after preliminary experiments with conventional explosives 
determined the depths and backfilling methods required to ensure that 
contaminants were not vented to the surface. 

The hydronuclear and related experiments were conducted in Areas 1, 2, 2A, 
2B, 3, and 4 in backfilled shafts that varied from 31 to 142 ft in depth. Between 
January 1960 and August 1961, 41 hydronuclear and related calibration, 
equation of state, and criticality experiments involving SNM were conducted in 
the experimental areas. Of these experiments, 37 involved either plutonium or 
plutonium and uranium-235 SNM and 4 involved only uranium-235 as the fissile 
component. To test containment, other shaft experiments involved larger 
amounts of HE than were required in the hydronuclear experiments, and 
sample recovery procedures also were conducted during this period. Some 
experiments incorporated very small amounts of radioactive tracers, and many 
experiments with and without SNMused uranium-238. Additional details of 
these underground experiments are provided in Chapter 7. 

An. unusual aspect of the hydronuclear experiments is that the use of SNM 
required extremely close accounting of the quantities of uranium, plutonium, 
and beryllium, which are now the primary contaminants at TA-49 (as well as a 
large but imprecisely known quantity of lead). The quantities 'and locations of 
these contaminants are therefore known with an unusually high degree of 
precision, as is discussed in greater detail in Chapter 7 of this OU work plan 
and in a 1987 Laboratory report (Stoker and Purtymun 1987,0204). Explosives 
used in the hydronuclear experiments consisted largely of TNT, RDX. HMX, and 
barium nitrate. It is highly likely. that the explosives, except for the barium 
component, were essentially completely converted to innocuous products by the 
detonations. Based on the detailed historical information available, it is evident 
that other chemicals were used only in very limited quantities at T A-49, primarily 
for radiochemistry and photographic purposes, and probably only in Areas 5 
and 11 to any significant extent. 

T A-49 Operable Unit RFI Work Plan May 1992 

• 

• 



• 

• 

• 

Chapter 3 Operable Unit Background Information 

Therefore, the substantial contaminant inventories at TA-49 are believed to be 
confined to the deep underground shafts in Areas 1, 2, 2A, 28, 3, and 4. Much 
lower, but above-background, near-surface contamination is known to be 
present in and near Areas 2 and 11, but the potential for significant 
contamination in other portions of TA-49 is considered very low. The bases for 
these expectations are described in greater detail in Chapters 6 and 7 of this 
work plan, where individual SWMUs are described and SWMU-specific 
investigations are proposed. 

The physical properties of the tuff and sand backfill appear to have efficiently 
absorbed the explosive energy released in the hydronuclear experiments and to 
have confined most materials to within a maximum radius of 10 to 15 ft from the 
point of detonation at the bottoms of the shafts. The lack of available water in 
the tuff makes it very unlikely that significant transport of contaminants has 
occurred from the shafts in the three decades since the experiments were 
terminated (see Chapters 4, 5, and 7 of this OU work plan for additional 
discussion of this important point). 

3.2.5 Other Past Laboratory Activities at T A-49 

Since the hydronuclear experiments were terminated in the summer of 1961, 
TA-49 has been used only lightly and sporadically for Laboratory purposes 
(DOE 1987, 0264). In 1962 and 1963, experiments performed in Area 10 
involved firing assemblies ("squibs") to release pressurized gas that drove 
pistons against water in cylinders. In 1965, a Laboratory group studying 
atmospheriC phenomena conducted lightning observation experiments using the 
photographic tower that remained in Area 5 after the hydronuclear experiments. 
In the early or mid 1960s, a cable-stretching facility with a powerful hydraulic 
ram system was built and used in Area 12. 

Pulsed gas laser and shock tube experiments were conducted briefly in 1967 
and 1968 in unidentified parts of TA-49. In 1968, explosively driven plasma gun 
experiments were conducted in Area 1 or 2 and lightning flash experiments 
using large capacitor banks were carried out in Area 12. In the early 1970s, 
additional atmospheriC observation was conducted from the Area 5 tower and 
further shock tube work was carried out at an unidentified location at TA-49. In 
1977, a seismic study of TA-49 was performed employing explosives in 37 shot 
holes drilled to a depth of about 6 ft in an area extending from Area 5 to Deep 
Test Well DT-9. No waste units were impacted by the seismic studies because 
SWMU areas were avoided and because the explosive quantities were very 
small. 

The miscellaneous Laboratory activities conducted at T A-49 from late 1961 to 
1977 appear to have involved no significant amounts of hazardous or 
radioactive materials (other than the small amounts of HE that were consumed 
in the experiments), and it is believed that these activities did not disperse pre
existing contaminants. 

Little visible physical evidence remains of the 1961 to 1977 activities at T A-49. 
The only surface structures currently existing at T A-49 that were associated 
with the early site activities are the cable-stretching facility structure, the "Bottle 
House" used for containment experiments in Area 12, and a few portable 
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concrete radiation shields scattered around the site. In 1977, the La Mesa forest 
fire burned over much of TA-49, destroying essentially all remaining 
combustible structures at the site. 

3.2.6 Environmental Monitoring at TA-49 

As described in greater detail in Chapter 4, site monitoring has been carried out 
at TA-49 on a continuing basis since the initiation of experiments at TA-49 in 
1959. These results have been reported in the Laboratory's annual 
environmental surveillance reports and other special reports, which extend back 
to 1970 (for example, ESG 1990, 0497; Purtymun and Ahlquist 1986, 03-0013; 
Purtymun and Stoker 1987. 0204). Annual monitoring of the three deep test 
wells located at TA-49 has never suggested contamination in deep aquifer 
groundwater. (See Figure EXEC-3 for the locations of these wells and Chapter 
4 for a discussion of their characteristics.) Likewise, measurable surface 
contamination attributable to T A-49 has never been found beyond the T A-49 
boundary. 

Radionuclide. lead, and beryllium contamination, above background but well 
below action levels discussed in Chapter 5, has been observed on a few 
occasions in surface samples from a few areas of TA-49. A few samples from 
locations at Areas 2 and 11, where low-level near-surface radionuclide releases 
are known to have occurred, have yielded individual soil samples with 
transuranic (TRU) concentrations above the action levels discussed in Chapter 
5. However. averages over reasonable surface areas (exposure units) generally 
fall far below levels of concern. From past sampling, it appears that this 
contamination is highly localized and highly discontinuous in nature. Further 
details on the nature of this surface contamination are given in Chapters 6 and 
7. 

Evidence of surface, vadose, or groundwater contamination at TA-49 has only 
been observed in Area 2. In March 1975, a small portion of the asphalt pad over 
Area 2 was found to have collapsed, leaving an opening for water to infiltrate. 
As detailed in Chapter 7, it was subsequently found that the 500-ft-deep 
borehole near the center of Area 2 (Core Hole 2) contained standing water with 
very low levels of plutonium. Aspecial study initiated to determine the source of 
the water concluded that meteoric water had infiltrated through the collapsed 
zone, through contaminated soils, and down the borehole (Purtymun and Stoker 
1987,0204). Eventually, the collapsed area was resealed and the borehole was 
bailed dry in 1980. The bailed water was disposed of in the Laboratory's 
radioactive waste water treatment facility. Periodic monitoring through 1987 
indicated that the hole remained dry, but in the spring of 1991, standing water 
with a very low level of plutonium (0.2 pCifl compared to about 6 pCill in 1975) 
again was detected. 

In 1987, EPA and DOE used the EPA Hazard Ranking System (HRS) and the 
DOE-modified HRS to assess the potential for migration of chemical and 
radioactive contaminants (Purtymun and Stoker 1987, 0204). Despite the large 
radioactive source term in MDA AB, the maximum overall migration mode score 
was determined to be only 5.3 for plutonium. A slightly greater value of 6.7 was 
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derived tor beryllium. These scores reflect low potential for contaminant 
migration and are far below the score of 28.5 required for the site to be included 
in the National Priorities List (CERCLA "Superfund" list). 

3.3 Past Waste Management Practices 

Since 1960, radiological surveys at TA-49 have been carried out routinely with 
instruments for which the lowest practical detection limits for alpha radiation is 
100 to a few hundred disintegrations per minute over a surface area of about 
100 cm2 (Penneman 1991, 03-0011; Eller 1992, 03-0002). These limits are 
used throughout the TA-49 work plan as the historical threshold for determining 
whether surveyed material is radiologically "uncontaminated" or "contaminated." 

As described elsewhere in this OU work plan, by far the most significant wastes 
at T A-49 are contained in the shafts in Areas 1, 2, 2A, 2B, 3, and 4, which now 
make up MDA AB. At various times since 1961, additional soil has been added 
and drainage has been improved over and around the shaft areas. The tops of 
shafts containing significant radioactive contamination have been covered with 
concrete. A regular maintenance and inspection program is conducted by 
Laboratory's Environmental Management Group EM-7 to ensure the integrity of 
the protective soil and vegetative cover over the MDA. 

By far the most significant unplanned contaminant release at TA-49 occurred in 
1960, when shaft 2-M was drilled in Area 2. The release was caused by drilling 
into a subsurface region contaminated by a prior experiment in an adjacent hole 
containing SNM. No significant personnel exposure resulted, but contamination 
was dispersed around the surface of Area 2. In response, surface contaminated 
materials were collected and buried in the contaminated shaft; an elevated clay 
and soil cover was installed to reduce the infiltration of water and eventually an 
asphalt cap was added. The incident is described in greater detail in Chapter 7 
of this OU work plan. 

During the 1959 and 1961 time frame, nonradioactive TA-49 wastes were 
bumed or buried in trenches northwest of Area 6. This open buming/landfill area 
also was used for burial of uncontaminated wastes during general site cleanups 
in 1977 and-1984. As part of 1984 cleanup, two small areas (one east of Area 
10 and one in Area 5) apparently were used as landfills to bury uncontaminated 
construction debris (DOE 1987, 0264; Weston 1989, 03-0015). 

Virtually all radioactively contaminated surface debris from the various TA-49 
cleanup campaigns was transported to the Laboratory's low-level radioactive 
waste disposal sites at T A-50 and T A-54. The one known exception to this 
generalization is the possible buming in Area 3 of several small structures with 
very low levels of alpha contamination (Eller 1992, 03-0002). Most radioactive 
and chemical wastes from T A-49 radiochemistry operations were collected in 
containers for off-site disposal. Very small quantities probably were drained into 
the Area 11 leachfield constructed for this purpose. Very small amounts of 
chemical wastes, primarily or exclusively photographic solutions, may have 
been dumped into one or more sumps in Area 5. Before 1987, latrines were 
used at TA-49 for sanitary wastes. In 1987, septic tanks were installed and were 
pumped periodically for off-site disposal. In 1990, the septic tanks were 
connected to on-site evapotranspiration fields. 
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3.4 Current Conditions at TA-49 

The primary historic use of T A-49 as a buffer zone for activities at adjacent firing 
sites (TAs 15 and 39) is expected to continue indefinitely, according to the 
Laboratory long-range Site Development Plan (LANL 1990, 0655). Appendix A 
shows the location of existing structures at TA-49. 

Cu rrently, there is only small-scale on-site use of T A-49. The Laboratory's 
High-Power Microwave Group AT-9 occasionally uses the Day Room building 
(TA-49-115) and its immediate vicinity for equipment development and the 
roadway between Areas 1 ° and 12 as a microwave test range. The 
Laboratory's Hazardous Devices Team (HDT) uses the Hazardous Devices 
Team Training Facility (TA-49-113) and the associated HE magazine (TA-49-
114) for small-scale explosives training exercises. 

Building 113 also houses the Laboratory's Alternate Emergency Operations 
Center. This facility is equipped with extensive communications systems and 
computers. In addition. the building is used for routine classroom training and 
houses the HDT office. Laboratory group OS-4 conducts electrical grounding 
measurements in a small area immediately west of the HDT Training FaCility. 

The Laboratory also maintains the Bandelier Meteorological Station in the 
southeast portion of TA-49 as part of its network of meteorological stations. 

• 

These current activities use only small areas of TA-49 and do not involve 
hazardous or radioactive materials other than small amounts of conventional 
explosives for the HDT exercises. Sanitary wastes from structures associated • 
with these activities are discharged to the existing permitted septic systems. 

As discussed briefly above and in greater detail in Chapter 4, as part of the 
ongoing Laboratory Environmental Surveillance program, water samples are 
collected at least annually from the three deep test wells at T A-49. Fourteen soU 
and sediment stations around TA-49 and sediment stations downgradient in 
Water and Ancho Canyons also are sampled annually. Air and radiation 
monitoring stations are present at TA-49 near the State Road 4 gate and in 
Area 12. Environmental measurements over three decades have provided no 
evidence that contaminants attributable to past or present T A-49 operations 
have been transported beyond the TA·49 boundaries. A network of 
thermoluminescent detectors (TLD) around MDA AB and a second TLD network 
about one-half mile southeast of Area 4 has shown penetrating radiation levels 
in the range of regional backgrounds. 

3.4.1 Site Access and Control 

Access to TA-49 is controlled by the Emergency Management Office (EMO) 
and the EM Division Office of the Laboratory. and keys to the locked gates must 
be obtained from these organizations. A limited number of keys also are 
assigned to TA-49 operating groups and to the Laboratory's Facilities 
Maintenance Group (ENG-S). The accessible portion of T A-49 along State 
Road 4 is posted and fenced with sections of industrial chain link and barbed 
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wire. In addition, EMO and EM Division Office verify whether activities 
scheduled in adjacent firing sites or in the HOT area require scheduled site 
evacuation. 

The experimental areas now included in MDA AB Areas 1, 2, 2A, 2B, 3, and 4 
are maintained by the Laboratory's Waste Management Group EM-7 as a 
Controlled Area under DOE Order 5480.11 (DOE 1988, 0076). These areas 
(except Area 3) and Areas 5 and 11 are enclosed within an additional locked 
security fence through which access is controlled by the EM Division Office. 
Access to and from Water Canyon is controlled by the Dynamic Testing (M) 
Division Office, which maintains control of keys to the canyon access road gate. 
Access to the HOT area is restricted by posting. A set of prehistoric ruins near 
Area 6 is also fenced and posted. Access, monitoring, and posting requirements 
for MDA AB are stipulated by EM-7 procedures (EM-7 1991, 03-0019). At this 
time, no further access restrictions or special maintenance/surveillance 
restrictions are applied to other areas (including SWMUs) at TA-49. 

3.4.2 Migration Pathways 

Because of the site's relatively remote location and existing institutional 
controls, the absence of known contaminant transport pathways of significance 
under current site conditions, and current land use in the vicinity of TA-49, no 
pathways or receptors are of shorHerm concern. Groundwater pathways are 
not of immediate concern, due to the great depth to groundwater and lack of 
transport mechanisms. Surface water and air pathways are not of immediate 
concern because the majority of TA-49 contaminants are buried in shafts. 

In the context of this work plan, "short-term" will imply the 100-yr time frame 
assumed for institution control by DOE Order 5820.2A, which addresses 
management of buried TRU waste. However, if land use changes beyond this 
time frame (for example, through the loss of institutional control) or if dramatic 
climatic changes occur, exposure pathways of concern then would include: 

• 

• 
• 
• 

exposure of buried contaminants through erosion, followed by 
surface water run-off and sediment transport or aerial 
resuspension, 

artificial site disturbance, 

infiltration through the vadose zone. and 

biological transport. 

The TRU wastes at TA-49 will remain hazardous for much longer than the 
100 yr assumed for institutional control. However, the technical difficulties 
associated with the removal of buried TRU are formidable, as described in 
Chapter 5 of this OU work plan. For these reasons, the conditional remedy of 
capping/stabilization of the site, accompanied by long-term institutional control, 
monitoring, and maintenance, have been identified as the likely remedial 
actions to be taken at MDA AB. As part of this remedial strategy, additional 
corrective measures will be taken as required during the period of maintenance 
and monitoring. This approach is consistent with the conditional remedy 
concept described in Section 2.13 of this OU work plan and in Section 3.8 of the 
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IWP. Implementation of a conditional remedy for MDA AB requires confirmation 
by the RFI that significant waste migration from the MDA AB shafts has not 
occurred and is unlikely to occur over extended periods of time. Therefore, 
evaluation of the likelihood of waste migration from the hydronuclear shafts is a 
key aspect of the TA-49 RFI work plan. 

3.5 Overview of SWMUs at the T A-49 au 

This section provides a brief overview of the 21 SWMUs addressed in this OU 
work plan. The locations of these SWMUs are indicated on Figure Exec-3 and 
on the topographic map contained in Appendix A. 

Table 1.2-1 assigns these SWMUs to the investigation groups listed below. 
Detailed descriptions of the SWMUs and the corresponding field investigation 
plans are presented in portions of the work plan indicated. 

• 
• 
• 
• 
• 
• 
• 

MDA AB (Areas 1, 2, 2A, 2B, 3, and 4) - Chapter 7 

Control area (Area 5) - Section 6.4 

Landfills, trenches, and Area 6 soil contamination - Section 6.3 

Experimental chamber (Area 10) - Section 6.5 

Radiochemistry and small-scale shot area (Area 11) - Section 6.2 

Bottle House area (Area 12) - Section 6.6 

No further action units - Chapter 8. 

For the purpose of developing data quality objectives (DOOs) that underlie the 
proposed field investigations, the T A-49 SWMUs may be categorized 
alternatively as follows (see Chapter 5 of this OU work plan for a discussion of 
future land use and possible remedial alternatives at the TA-49 OU): 

• MDA AB. Large source terms (uranium, plutonium, lead, and 
beryllium) exist in the hydronuclear shafts. Much smaller, highly 
localized source terms (soil and debris) above action levels 
exist near the surface at MDA AB. Several remedial options are 
conceivable for the near-surface contamination. However, 
because removal or treatment of the deeply buried wastes is 
likely to be impractical from technical, risk, and economic 
standpoints, and because the likelihood for contaminant 
migration is very low, this work plan considers the most likely 
remedial measure for MDA AB to be selected following the 
RFI/CMS is the conditional remedy of capping and stabilization 
accompanied by long-term institutional control, maintenance, 
and monitOring. 
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• Area 11 and Area 5. It is strongly suspected that the Area 11 
leachfield contains a localized soil zone with TRU 
contamination above action levels but a small total contaminant 
inventory. Area 5 may contain a small inventory of 
photochemical wastes but is unlikely to contain other 
contaminants above levels of concern. Selective removal of 
contaminated soil is a possible remedial option for both areas. 
However, because these two areas are within the geographical 
area inscribed by individual areas of MDA AB that contain 
much larger source terms, they are almost certain to be 
managed with MDA AB whether or not contaminant levels of 
concern are present. Therefore, it is assumed that long-term 
institutional control also will be maintained over Areas 5 and 11 
and that remedial decisions for these areas will be considered 
within the context of actions to be taken for MDA AB. 

• All other areas. Based on available information, SWMUs 
other than those discussed above are unlikely to contain 
significant source terms and therefore the no further action 
(NFA) alternative is the likely recommendation from the RFI. 
Thus, the RFI is likely to show that these areas are suitable for 
unrestricted Laboratory use, subject to site-wide restrictions 
imposed by the use of TA-49 as a buffer zone for adjacent firing 
sites. 

Because highly localized radiological, lead, and beryllium contaminants 
represent by far the most Significant contamination at T A-49, they are the 
primary focus of SWMU-specific investigations. Other contaminants are known 
or suspected to exist at T A-49 only in very limited quantities and generally will 
be associated with the aforementioned contaminants. Thus, sampling plans 
take these factors into account to maximize the effectiveness of the RFI by 
focusing on a set of T A-49 indicator analytes, as follows: 

• 
• 
• 
• 
• 

gross alpha/beta and gamma radioactivity, 

total uranium 

isotopic plutonium, 

RCRA-regulated metals (notably lead and beryllium), and 

gamma spectrometry (including gross gamma radioactivity, 
americium-241 and cesium-137). 

On a SWMU-specific basis, analysis for potential minor contaminants such as 
semivolatile organic compounds (SVOCs) is proposed, as appropriate . 
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3.6 Sources of Information 

Available environmental data for TA-49 were acquired by using current standard 
practices and methods. No attempt has been made to validate these data in the 
EPA sense of the term. These data are used in this document solely to guide 
RFI characterization and sampling. 

Extensive use was made of direct interviews of many key personnel involved in 
hydronuclear activities from late 1959 to mid-1961. Of particular note in this 
group were the principal investigator for TA-49 hydrogeologic stUdies since 
1959 and the supervisor responsible for all site activities conducted by the 
engineering contractor (the ZIA Company). The experimental test director, the 
director of radiochemistry operations, the health physics site supervisor, and 
dozens of individuals directly involved in day-to-day activities during the 
hydronuclear and related experiments also were interviewed. Access to these 
individuals, combined with the extensive historical documentation and 
environmental monitoring condu-::ted since 1959, allows the status of this site to 
be described with an unusual degree of certainty and completeness. 

Other information sources also have been used. 

• Studies using the Laboratory's environmental monitoring 
network, which includes on-site stations as well as perimeter 
and regional stations that are not influenced by Laboratory 
operations. These studies are reported in annual reports of the 
Environmental Surveillance Group (EM-a). 

• 

• 

• 

SpeCial studies conducted at the Laboratory and in the region, 
which collect environmental data in areas unaffected by 
Laboratory operations. These studies are described in periodic 
Laboratory reports. 

General environmental data addressing the behavior of 
chemicals, elements, and radionuclides in natural systems. 
These data are available in peer-reviewed scientific literature. 

Unpublished internal Laboratory memoranda, reports, and 
drawings. 
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CHAPTER 4.0 ENVIRONMENTAL SETTING OF THE TA-49 OPERABLE 
UNIT 

Chapter 4 is intended to build a detailed understanding of the environmental 
setting at TA-49, leading to a conceptual model on which the SWMU-specific 
characterization plans (Chapters 6 and 7) and the recommendations for no 
further action (Chapter 8) are based. Reference is made, as appropriate, to 
information given in Chapter 2 of the IWP (LANL 1991, 0553) which discusses 
the regional environmental setting. 

Chapter 4 presents and interprets existing information relevant to TA-49 by 
section, as follows: 

• 4.1 Location and topography 

• 4.2 Climate 

• 4.3 Surface Deposits 

• 4.4 Hydrology 

• 4.5 Geology 

• 4.6 Geochemistry 

• 4.7 Environmental Monitoring at TA-49 

• 4.8 Potential Pathways of Contaminant Migration 

• 4.9 Potential Receptors 

• 4.10 . Public Health and Environmental Impacts 

• 4.11 TA-49 au Site Conceptual Model 

• 4.12 Summary of General Data Needs 

Sections 4.1 through 4.10 provide a general foundation on which the conceptual 
model discussed in Section 4.11 is based. This model identities the potential for 
contaminant migration at TA-49 using the environmental pathways and 
receptors that are addressed further in Chapter 5. Chapter 4 also identifies 
additional information needs related to: (1) expanding our conceptual 
understanding of the environmental processes at TA-49 and (2) assessing the 
magnitude and importance of potential exposure routes. 

Chapter 4 also covers regional data on surface and groundwater quality, air 
quality, penetrating radiation levels, and the chemical and radiological 
concentrations in the soil at TA-49. The discussion includes environmental 
conditions beyond the range of immediate influence of past and present TA-49 
operations, as needed, to provide the basis against which TA-49· specific data 
can be compared . 

The development of general data needs and the site conceptual model in 
Chapter 4 are used to evaluate the nature, quantity, and quality of data required 
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to support the purposes of the T A-49 RFI as summarized in subsequent 
chapters. These chapters address the primary objective of selecting remedial 
alternatives based on human health and environmental impact, 
implementability, and cost considerations. 

The general data requirements and conceptual model identified in Chapter 4 
also are used to develop the SWMU-specific field investigation plans presented 
in Chapters 6 and 7. As field results become available, an iterative process will 
begin in which the current conceptual model understanding will be updated, the 
sufficiency of the data for supporting the RFI objectives will be assessed, new 
data needs will be identified, and new investigations will be designed and 
carried out to fulfill those needs. 

4.1 Location and Topography 

T A-49 is located on the southern edge of the Laboratory and encompasses part 
of Frijoles Mesa. The mesa is centrally located on the Pajarito Plateau at an 
average elevation of approximately 7140 ft. The Plateau is roughly midway 
between the Jemez Mountains to the west and the White Rock Canyon of the 
Rio Grande to the east (see Figure 4.1-1 of this work plan and Figure 2-S of the 
IWP). 

The northern boundary of T A-49 is defined by the edge of Frijoles Mesa which 
overlooks Water Canyon. which also forms the southern boundaries of TA-1S 

• 

and TA-37. State Road 4 forms the southwest boundary of TA-49 as well as the • 
Laboratory's boundary with Bandelier National Monument (BNM). The 
southeast boundary of TA-49 is formed by T A-39. 

Ancho Canyon and Water Canyon, the major canyons at TA-49, are 
characterized by their east-west orientation and steep walls (see the large 
topographic map in Appendix A). 

Water Canyon originates on the flanks of the Sierra de los Valles and runs 
eastward to White Rock Canyon. Water Canyon is a major side canyon to White 
Rock Canyon and has cut deeply into the Tschicoma Formation, the Bandelier 
Tuff, and the Cerros del Rio basalt. (At TA-49, only the Bandelier Tuff is 

exposed). The drainage area of Water Canyon is approximately 13 mi2 , of 
which T A-49 makes up only a small fraction. Ancho Canyon originates within 
T A-49 and runs eastward to White Rock Canyon, cutting deeply into the 
Bandelier Tuff. Surface water flow in both Water and Ancho canyons is 
ephemeral and intermittent near TA-49. Surface drainage patterns from the 
mesa top generally are oriented to the east, north, and south; they feed into 
either Water Canyon or Ancho canyons. thereby contributing surface water 
runoff to the major drainage systems. Summer storm and snowmelt run-off in 
the major canyons occasionally reaches the Rio Grande. 

Bandelier Tuff consists of volcanic ash deposits and comprises approximately 
800 vertical ft o(the bedrock column beneath Frijoles Mesa (see Appendix G 
and Section 4.S of this work plan and Chapter 2 of the IWP). The groundwater 
lies at a depth of approximately 1170 ft in deep test well DT -SA within MDA AB, • 
the main SWMU area of TA-49. Groundwater flows to the east and discharges 
in springs and seeps along the Rio Grande. 
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Figure 4.1-1 Geologic section showing the location of TA-49 with respect to stratigraphy and structure 
from the Sierra de los Valles across the Pajarito Plateau to the Rio Grande. 

• 

Top of 
Main Aquifer 

~ 
" ti' 
§ 
(l) 
::, 
![ 

W 
i:::t 
s" .e 
~ 
Q. 

g> 
5 

{1l 

~ 
~ 
~ 

9 
-§ 
~ 
~ 



Chapter 4 Environmental Setting and Conceptual Model 

For the purposes of the TA-49 RFI, existing topographic data are generally 
adequate. Aerial photographs taken over TA-49 in September 1991 allow 
preparation of topographic maps with 2-ft contour resolution. Earlier topographic 
maps of TA-49 have 10-ft contour resolution. In Chapter 6 of this au work plan, 
it is proposed that a topographic map with 2-ft resolution, based on 1991 aerial 
photographs, standard surveying techniques, and field observations, be 
prepared to show surface drainage and deposition areas near MDA AB. This 
map would facilitate surface sampling, evaluation of sampling analyses, and 
assessment of remedial alternatives as described in later chapters. 

4.2 Climate 

The climate at TA-49 is important because it can affect the transportation of 
contaminants. For example, the speed, frequency, direction, and stability of the 
wind can influence airborne transport of TA-49 contaminants. The form, 
frequency, intensity, and evaporation potential strongly influence surface water 
run-off and infiltration at T A-49. 

Los Alamos County has a semiarid, temperate mountain climate which is 
summarized in Chapter 2 of the IWP. The Bandelier Meteorological Station, one 
of four meteorological stations around the Laboratory site, is located in the 
southeastern portion of T A-49 and has provided site climatological data since 
1987. 

• 

Surface winds measured at the TA-49 meteorological station are generally light, • 
with strongest winds usually occurring in the spring. The predominant direction 
for all winds is from the south (Figure 4.2-1). In 1989, wind speeds at TA49 
were less than 5.5 mph 34% of the time and greater than 11 mph 17% of the 
time (ESG 1990, 0497). These data imply that any airborne contaminants from 
T A-49 SWMUs should be dispersed mainly toward the interior of the Laboratory 
and away from Bandelier National Monument. 

The average annual precipitation at TA-49 is approximately 16 in.lyr (ESG 
1990, 0497). About 50% of the precipitation on the Pajarito Plateau occurs as 
brief, intense thunderstorms during July and August, and often cause significant 
surface water run-off. The prevalence of short, intense precipitation events 
indicates that surface erosion of soils and run-off are potential mechanisms for 
the movement of surficial contaminants at the T A-49 au. About 20% of the 
precipitation occurs as snowfall in December, January, and February, and the 
remaining 30% is distributed over the other seven months of the year. 

Available climatological data are sufficient for the TA-49 RFI. Additional data will 
be collected on a continuing basis at the T A-49 meteorological station as part of 
the Laboratory's routine environmental monitoring program, thus enhancing the 
database. 
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Figure 4.2-1 Wind roses at Laboratory stations during 1989 (from ESG 1990, 0497). 
Wind directions are indicated from the large to the small ends of the of the indicators. 
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Chapter 4 Environmental Setting and Conceptual Model 

4.3 Surface Deposits 

4.3.1 Erosional Deposits 

Erosional deposits at T A-49 consist mainly of alluvium, colluvium, and landslide 
deposits in drainage networks (channels and canyons), as well as sediments on 
mesa tops and slopes. 

Erosion at TA-49 occurs by the following mechanisms: 

• 
• 
• 

shallow runoff on the relatively flat parts of the mesa; 

deeper runoff in channels and canyons; 

rockfall, landslide, debris flows, and colluvial shedding from the 
mesa edges or canyon walls; and 

• wind transport. 

• 

Given these mechanisms, estimating the rates of erosion and deposition is 
relevant to assessment of the long-term stability of T A-49. However, 
erosion/deposition rates for mesa top soils, canyon sediments, and the 
Bandelier Tuff are not well understood (see Subsection 2.6.2.5 of the IWP). It 
appears that cliff-forming units are eroded predominantly by lateral cliff retreat 
and block spallation rather than by vertical incision. Erosion rates are expected 
to vary greatly with gradient, vegetation, and slope orientation (for example. • 
north vs south-facing locations). . 

Because of their slow rate and obvious nature, mass wasting processes such 
as rockfall are not considered credible threats to the integrity of T A-49 SWMUs 
over assumed institutional time frames (100 yr). For example, records for the 
last four decades indicate that, on average. TA-2 in Los Alamos Canyon is 
invaded only by about one boulder of 300 pounds or more every 2.4 yr (Mclin. 
Eller 1992, 03-0010) A canyon retreat rate at this site of 2.5 cml1000 yrs also 
was calculated based on this study. However, these low average rates are not 
relevant to massive cliff failure induced by a large seismic event. 

Alluvial sands in Frijoles Canyon about 2 miles to the south of MDA AB. and 
Water Canyon to the north, of TA-49 are likely to be interbedded with fine-grain 
debris flows. Trenches dug in alluvium in Rendija Canyon. about 10 km north of 
TA-49 , revealed that the Holocene alluvial sequence was less than 6000 yr old 
and that over 50% of the sequence was depOSited during a period of rapid 
aggradation roughly 3000 to .4000 yr ago (Gardner et al. 1990. 0639). Gardner 
also reported a major unconformity in canyon-fill deposits between 6000 and 
700,000 yr ago. 

These observations are significant because drainages within the Laboratory 
boundaries may have been stripped of their unconsolidated sediment fill during 
extreme flood events more than 6000 yr ago and subsequently reaccumulated 
sediment. This scour and fill cycling of canyon alluvium might have occured in 
response to base level changes in the master Rio Grande or to climatic 
variations. The possibility of future cycling obviously exists. For TA-49, the • 
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significance is that such cycling could affect smaller tributaries and mesa-top 
erosion over long time frames, thus influencing sediment-contaminant transport 
by surface waters (Hakonson and Nyhan 1980, 0117). A comprehensive study 
of a major Pajarito Plateau watershed such as Water Canyon to quantify 
erosion rates, water budget, sediment sources and storage, and scour and fill 
cycles has never been performed. 

For the T A-49 RFI, existing data on erosional and depositional processes is 
probably adequate except in the vicinity of MDA AB and Area 11. For these 
areas, a topographic map of erosion/deposition areas is desirable, as discussed 
earlier in Section 4.1. 

4.3.2 Mesa Top Soils 

Soils on the Pajarito Plateau, including T A-49, were mapped and described by 
(Nyhan et a1.1978, 0161) and are discussed in IWP Chapter 2. Earlier studies 
by (Weir and Purtymun 1962, 0228) defined the mesa-top soil depths at TA-49. 
Figures 4.3-1 and 4.3-2 show the distribution, depths, and designations of soils 
at TA·49. 

Different soil series occur on relatively flat portions of Frijoles Mesa and become 
intermixed with the Bandelier Tuff near the margins of the mesa tops. The soils 
were formed in a semiarid climate and are largely derived from weathering of 
the Bandelier Tuff bedrock. Predominant soils mapped in the vicinity of TA-49 
SWMUs are generally poorly developed and are designated by (Nyhan et al. 
1978, 0161) as fine-loamy Typic Eutroboralfs, Hackroy-Rock Outcrop Complex, 
Frijoles Fine Sandy Loam, and Rock Outcrop. 

Typic Eutroboralf soils occur at the western portion of TA-49 (e.g., Area 6) and 
consist of deep, well-drained materials that formed in gravelly fan material close 
to the mountains. Other Eutroboralf soils at TA-49 consist of moderately deep, 
well-drained soils that formed in colluvium and material weathered from tuff. 
According to Nyhan et. ai, these surface soils range in thickness from 95 to 
135 cm. 

The thickest soil zones at TA-49 are found along shallow, slow-draining ditches, 
streambeds, and relatively flat areas where water has collected (Weir and 
Purtymun 1962, 0228). The soil consists of about 20% quartz sand, 30% silt, 
and 30% clay and its thickness depends upon the amount of water available for 
weathering the underlying tuff. Soil thickness measured in shallow test holes in 
T A-49 arranged from 0.5 to 9 ft and the greatest thickness occurs in a flat area 
north of Area 6. 

Soils at areas of MDA AS and at Areas 5, 11, and 12 generally have been 
disturbed but originally were Hackroy Series and Eutroboralf soils. Intermixed 
with these soils are patches of bedrock predominantly near the edges of the 
mesa east of developed TA-49 areas. Hackroy soils are classified as alfisols, in 
part reflecting the clayey subsurface horizons, and are described by (Nyhan et 
al. 1978, 0161) as tollows: 

"The surface layer of the Hackroy soils is a brown sandy loam, or loam, about 
10 cm thick. The subsoil is a reddish brown clay, gravelly clay, or clay loam, 
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Figure 4.3-1 
Distribution of soils 
at TA-49 (adapted 
from Nyhan et. aI., 
1978,0161). 

State Road 4 

Soils Legend 
FR Frijoles fine sandy loam 
SE Seaby loam 
HA Hackroy-Rock outcrop complex 
NJ Ny jack loam 
PG Pogna fine sandy loam 
RF Rock outcrop, frigid 
RS Rock outcrop. steep 
TL Typic Eutroboralfs, fine loamy 
TR Typic Ustorthents-Rock outcrop complex 
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Chapter 4 Environmental Setting and Conceptual Model 

about 20 cm thick. The depth to tuff bedrock and the effective rooting depth are • 
20 to 50 cm." 

Area 10 soils are classified as Frijoles Fine Sandy Loam. In Areas 2 and 10, a 
we'll-sorted pumice zone (EI Cajete pumice) lies between the weathered tuff 
interface and the soil horizon. 

A distinct clay layer often is observed at the soil-tuff interface on the Pajarito 
Plateau. This layer has been described as an effective seal against moisture 
infiltration into the underlying bedrock [see subsection 2.6.3 of the IWP and 
(Weir and Purtymun 1962, 0228)]. However, areas where soils have been 
removed or disturbed may not form as effective barriers against infiltration. 

The apparent effectiveness of this clay barrier was established in part by water 
content measurements of the soil and upper Bandelier Tuff from 23 moisture
access holes at T A-49 in the early 1960s. A number of subsequent studies 
elsewhere at the Laboratory have supported the early T A-49 studies. These 
studies have described several distinct soil zones overlying the tuff, as follows: 

• 
• 
• 

an uppermost zone from which most clay has been leached, 

an intermediate zone containing montmorillonite, and 

a lower transitional zone between the soil and unweathered 
tuff, with high clay content. 

The results of the vadose-zone moisture content studies within the uppermost • 
soil profile at T A-49 are described in more detail in Section 4.4 of this OU work 
plan. 

Although the soil classifications of Nyhan et al. and the soil depths and 
characteristics reported by Weir and Purtymun are adequate on a site-wide 
basis, they do not provide all the hydrogeochemical parameters required to 
assess the potential for erosional and solutional transport of contaminants at 
Area 11 and MDA AB (as defined in the Laboratory's HSWA permit and as 
discussed in Chapters 6 and 7). These requirements relate to subsequent 
modeling of runoff and aerial resuspension processes. Thus, some additional 
but ~imited soil characterization is needed for soils from Area 11 and MDA AB, 
including: 

• 
• 

• 

• 

particle size distribution and surface area; 

mineralogical properties including chemical composition, ion 
exchange capacity. pH, contaminant retardation factors for 
indicator contaminants, and clay and organic content; 

hydraulic characteristics including permeability and 
conductivity; and 

vegetative cover characteristics. 

• 
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Additional data also are needed about the spatial extent and level of soil 
contamination at T A-49 SWMUs, as addressed in Chapters 6 and 7. In addition, 
limited sampling away from SWMU areas is needed to verify that OU perimeter 
soil levels of indicator contaminants (particularly along the border with Bandelier 
National Monument) have not been impacted by TA-49 activities. This activity is 
discussed later in Section 6.1 and also is being addressed by the Laboratory
wide ER Framework Studies project on Laboratory-wide soils issues. 

4.3.3 Soils in Canyon Walls and Bottoms 

The slopes between the mesa tops and canyon bottoms have been mapped as 
mostly steep rock outcrops consisting of about 90% bedrock outcrop and 
patches of shallow, undeveloped soils (Nyhan et al. 1978, 0161). Soils in part of 
Water Canyon north of TA-49 are designated as Typic Ustorthents-Rock 
outcrop complexes formed on colluvial material mantling the lower slope (see 
Figure 4.3-1). The Ustorthents are deep, well-drained soils. The surface layers 
are a pale brown, stony or gravelly sandy loam about 5 cm thick. The 
substratum is about 150 cm thick and generally consists of a very pale brown, 
or light gray, gravelly loamy sand, or sand. 

The bottom of Water Canyon north and east of T A-49 contains deep, poorly 
developed, well-drained soils of the Totavi series which formed in alluvium. The 
surface soil is a brown, gravelly loamy sand, or sandy loam, 150 cm thick or 
more, with about 15 to 20% gravel (Nyhan et a!. 1978,0161). Totavi soils are 
classified as entisols • 

Existing canyon soil data appear to be adequate for the purposes of the T A-49 
RFI. However, if Phase I of the RFI indicates that TA-49 contaminants could 
impact the canyons over a long period, mapping of canyon soil/sediment 
horizons may be necessary in subsequent investigations. 

4.4 Hydrology 

As discussed elsewhere in Chapter 4, the groundwater pathway is not likely to 
be of immediate significance at the TA-49 OU because of the great depth to the 
main aquifer and the current belief that credible pathways do not exist. This 
statement is based on the absence of large liquid waste discharges at T A-49 in 
the past, and the low likelihood for significant infiltration, as shown by numerous 
previous studies at T A-49 and other Laboratory locations. Nevertheless, vadose 
zone characterization below the known depth of contamination in MDA AB is 
very important for the TA-49 RFI because of the magnitude of the source term 
and the uncertain source of water in Core Hole 2, as discussed in Chapter 7. 

It is likely that a conditional remedy consisting of capping-in-place with in situ 
stabilization accompanied by long-term institutional control, monitoring, and 
maintenance will be the most reasonable remedial alternative to be identified by 
the RFI/CMS. This approach further drives the need for vadose zone study 
beneath MDA AB. These studies will directly test the hypothesis that significant 
contaminant migration has not occurred since the time of their implacement, 
and is not likely in the future. In addition. vadose zone studies will provide 
information required for transport modeling over long time frames. 
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The significance of small liquid radioactive releases into the Area 11 leachfield 
also needs to be investigated, primarily to identify the vertical and lateral extent 
of contamination. 

4.4.1 Surface Hydrology 

The most significant aspects of surface hydrology at TA-49 are run-off and 
infiltration. These mechanisms are the predominant ways in which contaminants 
could be mobilized and transported off-site (see Sections 4.8 through 4.11 of this 
chapter). Surface hydrology aspects relevant to T A-49 SWMU areas include: 

'. 
• 
• 

areas and pathways of surface water run-off and sediment 
deposition, 

rates of soil erosion, transport, and sedimentation, 

locations and sizes of areas of disturbed and undisturbed 
surface soils in drainages, 

• infiltration vs run-off ratios, 

• presence and effectiveness of sorptive media and/or hyd raulic 

properties in retarding infiltration of water-borne contaminants, 
and 

• fate of infiltrating water on mesa tops and in canyons. 

4.4.1.1 Surface Water Run-Off 

Run-off potentially can carry contaminants into surface waters that drain off-site 
and potentially concentrate surficial contamination downstream. Surface run-off 
from Frijoles Mesa flows either northward into Water Canyon, eastward into a 
tributary canyon to Ancho Canyon, or southward into Ancho Canyon (see 
Appendix A). There is no evidence for hydraulic connection of surface water 
and groundwater at T A-49 (see Section 2.6 of the IWP; Purtymun and Ahlquist, 
1986, 03-0013; Weir and Purtymun 1962, 0228). Permanent alluvial aquifers 
are unknown in canyons adjacent to T A-49, but run-off occasionally may 
recharge shallow ephemeral alluvial systems. 

Pajarito Plateau run-off from summer storms typically reaches a maximum 
discharge in less than 2 hr and generally has a duration of less than 24 hr 
(Purtymun et al. 1990, 0215). The high discharge rate carries large masses of 
suspended and bed load sediments as far as the Rio Grande. 

Spring snowmelt occurs over a period of several weeks to several months, 
typically at a low discharge rate (Purtymun et a!. 1990, 0215). The long duration 
of flow from snowmelt results in the net movement of greater masses of 
sediments through the canyons than during summer run-off events. However, 

• 

• 

proportionately more mesa top erosion occurs during the intense summer run- • 
off events than during snowmelt. Most infiltration occurs during the longer 
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periods of snowmelt as a result of the length of the process and the lower rates 
of evaporation. 

In Ancho Canyon, only intermittent and ephemeral flow caused by runoff 
occurs, except during snowmelt and storm events. Water Canyon stream flow is 
intermittent and ephemeral in the vicinity of, and down-gradient from, TA-49. 
The Water Canyon drainage system receives input from permitted discharge 
points upgradient of T A-49. Permitted discharges to Water Canyon and its 
tributary Valle Canyon include boiler blowdown from steam plants, non-contact 
cooling water, and waste water from HE and photographic operations areas. 
None of these discharges contain hazardous or toxic materials. 

As mentioned above, a comprehensive study, including water and sediment 
budgets, of surface run-off from a major mesa top/canyons watershed on the 
Pajarito Plateau has never been conducted. A limited study of surface 
contaminant transport in Potrillo Canyon north and east of TA-49 was 
completed recently (Becker 1991,0699). Experimental data from a rainfall 
simulator study at TA-51 , approximately 5 miles north of TA-49 (Nyhan and 
Lane 1986, 0156) indicates that run-off is more than three times greater from an 
area of backfilled soil than from natural vegetated areas. Even over very long 
time frames, surface erosion rates at TA-49 almost certainly will not be great 
enough to directly affect the deeply buried waste in MDA AB, which comprises 
almost all of the TA-49 contaminant inventory. 

Surface water quality data has been collected for about 30 yr at the Beta Hole 
surface water station in Water Canyon (about 2000 ft north of MDA AB), in 
Water and Ancho canyons at State Road 4, and sporadically in drainages 
leading from MDA AB following intense rainfall events. The surface water 
chemistry results over this period have shown that contaminant levels are 
almost always at detection or background levels and show no evidence that 
detectable contaminant transport from TA-49 has occurred. App~ndix D 
tabulates representative surface and groundwater analyses collected at TA-49. 

4.4.1.2 Surface Water Infiltration (Soils and Upper Tuff) 

Surface water infiltration provides a potential mechanism by which 
contaminants may move into the subsurface and allow contaminants to reach 
aquifers. 

Section 2.6 and Appendix P of the IWP summarize a number of studies that 
have addressed the rate of surface water infiltration into the Pajarito Plateau. In 
general, these studies indicate that for native soil profiles, infiltration of water 
into the tuff bedrock is not significant on mesa tops. However, the magnitude of 
the source term in the MDA AB shafts and the appearance of water in Core 
Hole 2 point out the need for further testing of this hypothesis for MDA AB, 
where extensive soil disturbance has occurred. 

Surface water infiltration pathways at TA-49 include: 

• native or disturbed soils, 

• intact tuff, 
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• backfilled shafts, 

• 
• 

fracture systems, and 

boreholes. 

Even with a persistent surface water source, moisture transfer to the Bandelier 
Tuff is limited by the strong evapotranspiration processes characterizing the 
region. In addition, the naturally low moisture content and high porosity of the 
underlying tuff provides a huge storage capacity for infiltrating fluids. Relevant 
pOints which apply generally to mesa tops of the Pajarito Plateau (including TA-
49 SWMU areas) and which are specifically addressed in Chapter 2 of the IWP 
are listed below. 

• Infiltrating water is lost quickly through evapotranspiration in 
naturally vegetated areas. 

• A continuous supply of water to a pit dug in soil above the 
natural clay layer did not significantly increase the moisture 
content of the underlying tuff below a depth of about 8 ft. Where 
the soil cover is undisturbed, precipitation moisture typically 
does not penetrate deeper than about 10 to 20 ft into the tuff. 

• Many joints and fractures in the Bandelier Tuff contain caliche, 
brown clay, or limonitic material that strongly impede flow along 
fractures. However, the existence of these filling materials at 
depth also demonstrates that fracture flow has occurred in the 
past. 

• 

• 

Little moisture passes through undisturbed soil profiles, 
whereas a greater amount of infiltration penetrates to the tuff in 
areas where the soil has been disturbed. Moisture from single 
storm events penetrates as deep as 6.5 ft through disturbed fill 
but is rapidly depleted by evaporation. Seasonal moisture 
fluctuations were detected in both the bedrock tuff and fill, but 
only to a depth of about 13 ft. 

Tests at TA-50 involved the injection of 335 000 gal. of water 
into the Tshirege member of the Bandelier Tuff and subsequent 
study over a period of about 1 yr. The test results led the 
investigators to conc.lude that Bandelier Tuff is highly effective 
in arresting the movement of contaminants and liquids. A 
sufficient and nearly continuous water supply would have to be 
available before water-borne contaminants could completely 
penetrate the unsaturated zone. 

Studies have been carried out at T A-49 to address surface water infiltration, as 
summarized below. 

In 1960, 23 test holes were drilled at TA-49 around MDA AB to determine the 
thickness and distribution of moisture in soils and upper tuff (Weir and Purtymun 

• 

• 

1962,0228; Abrahams et al. 1961,0015). Neutron moisture probe data from the • 
23 holes are summarized in Table 4.4-1 and Figure 4.4-1. In general, the 
moisture content was found to increase from the surface to a depth of several 
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TABLE 4.4-1 

RESULTS OF MOISTURE CONTENT STUDY IN SOILS AND UPPER BANDELIER TUFF AT TA-49 
(from Weir and Purtyman 1962, 0228). 

Thickness of Soil Depth at which Depth at which 
(ft) moisture content moisture content 

was less than was less than 
10%, (ft) 5% (ft) 

Range Average Range Average Range Average 
---

0.5-12.4 3.5 2.5-9.0 4.7 7.0-14.0 

2.2-9.0 5.3 4.0-19.0+ 9.5 

Moisture content does not decrease significantly below 5%; the holes range in depth from 19 to 49 ft. 
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MOISTURE CONTENT, IN PERCENT BY VOLUME 
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Test Hole 5M-2 Test Hole 6M-1 Test Hole 1 M-3A 
20 20 20 

49 

Figure 4.4-1 Moisture measurements in selected test-holes at T A-49. 
Test Holes 5M-2 and 6M-1 were in well drained areas. Test 
Hole 1 M-3A was in a disturbed soil area which collected water 
(adapted from Abrahams, et al. 1961, 0015). 

• 
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feet and then decrease rapidly from a depth of about 4 to 12 ft. Below a depth 
of about 15 ft, the moisture content of the tuff was about 5% or less by volume 
and remained almost unchanged at greater depths. 

Results from this study showed the moisture content in the upper 5 to 6 ft of TA-
49 soil was highest in March and April as a result of late winter snow and 
decreased to a minimum in October because of high evapotranspiration rates 
during the summer and early fall. There were some variations, however, that 
apparently were related to drainage and soil thickness. 

Test holes near arroyos, ditches, and poorly drained areas that received or 
retained water during periods of storm runoff are represented in Figure 4.4-1. In 
particular, construction near test-hole 1 M-3A caused 2 to 4 in. of water to pond 
during wet periods, resulting in greater moisture content at a depth of 6 to 13 ft. 
Between 13 and 20 ft, a small increase in moisture content is suggested,. but 
below about 20 ft, the moisture remained about 6 to 8%. 

Despite the conclusions of past studies indicating that water infiltration is 
generally insignificant through Pajarito Plateau mesa tops, there are several 
reasons to consider further the issue of surface water infiltration at TA-49. The 
most important reason is the uncertain source of water that has appeared on at 
least two occasions in Core Hole 2. In addition, (Weir and Purtymun 1962, 
0228) report plant roots in fractures as deep as 58 ft and alteration of the tuff 
along fractures in the test shafts. Also a "white alteration material" (probably 
amorphous silica or calcite) as well as clay was found to line some MDA AB test 
shaft fractures. These observations are clearly indicative of past water 
infiltration along the fractures that were revealed during driliil1g of shafts. 

In summary, the soil and tuff moisture profile information for areas of TA-49 
other than MDA AB and Area 11 of TA-49 is adequate for the purposes of the 
TA-49 RFI. However, soil and tuff moisture will be measured routinely during all 
future TA-49 drilling operations in the vicinity of MDA AB because of the large 
underlying source term. These data are needed to evaluate infiltration depths at 
the highly contaminated shaft areas at MDA AB and the source of standing 
water in Core Hole 2. Some moisture profile data also are needed for the Area 
11 leachfield to evaluate the significance of small liquid releases in the past. 

4.4.2 Vadose Zone Hydrology (Deep Formations) 

An adequate understanding of the deep vadose zone beneath MDA AB is 
important because it encompasses both potential primary barriers and conduits 
for the movement of liquids. Past studies of the hydrogeologic properties and 
the movement of fluids through unsaturated Bandelier Tuff are discussed in 
Section 2.6 of the IWP and are mentioned briefly in the preceding section of this 
chapter. Although past hydrologic characterization of the Bandelier Tuff at most 
Laboratory study sites has concentrated on the top 100 ft, these studies 
overwhelmingly support the general concept that the thick unsaturated tuff 
provides substantial impedance to downward movement of fluids. Features of 
the unsaturated tuff relevant to contaminant transport include: 
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• physical properties (density, porosity, specific gravity); 

• 

• 

• 
• 

• 

geohydrologic properties (saturated and unsaturated 
permeabilities, hydraulic conductivities, and moisture 
characteristic curves); 

fractures and joints (frequency, orientation, degree of 

interconnectedness, and filling materials); 

flow paths or barriers at unit contacts or paleo-surfaces; 

geochemical properties (specific surface area, ion exchange 
capacity, retardation factors, and mineralogy); and 

depth to groundwater. 

The subsurface hydrology at T A-49 is dominated by unsaturated conditions. 
The top of the saturated zone occurs approximately 1170 ft below the surface of 
the mesa at deep test well DT-5A near the center of MDA AB. About 800 ft of 
this vertical distance is within the Bandelier Tuff. 

Four boreholes were drilled to depths of 300 to 500 ft at the main experimental 
area of T A-49 (now MDA AS) during 1959 and early 1960. In addition, more 
than 50 experimental holes were drilled as deep as 142 ft in Areas 1,2, 2A, 2S, 
3, and 4 from 1959 to 1961. The locations and characteristics of TA-49 
boreholes deeper than 150 ft are indicated in Table 4.4-2 and Figure 4.4-2. In 
no case was perched water encountered and, with the exception of Core Hole 2 

• 

(CH-2) to be discussed in detail in Chapter 7, the holes apparently have • 
remained dry since they were drilled. 

In the logging of CH-2, a significant amount of drilling fluid was lost below a 
depth of about 300 ft, indicating the presence of a highly permeable formation in 
stratigraphic Unit 1A and 1B of Weir and Purtymun (1962, 0228) (Purtymun, 
Eller, 03-0028). In the drilling of deep test well DT-5A, air circulation was lost at 
about 285 ft (near the Unit 1 b/Unit 2 contact). In the unsuccessful attempt to 
regain Circulation, an estimated 2.5-10 million gallons of drilling fluid was 
expended in this hole. Another stratigraphic unit of concern for vadose zone 
transport is the permeable surge deposit (Unit 5 of Weir and Purtymun) 
described subsequently in Section 4.5 of this OU work plan. 

Natural fractures that formed during the cooling of freshly deposited tuff, as well 
as,fractures generated during underground detonations, potentially have 
created vertical and lateral networks in the vadose zone beneath T A-49. Weir 
and Purtymun (1962, 0228) reported that fractures in experimental holes in 
Area 2 were conduits for air movement. Weir and Purtymun also examined the 
walls of an experimental shaft following a large detonation in a shaft 50 ft away. 
They discovered that fractures had opened and that fracture fillings had been 
expelled as a result of the shot concussion. In other studies at TA-49, 
(Purtymun et al. 1974, 0651) measured substantial air volumes taken in or 
exhausted from the Alpha and DT-9 boreholes in response to barometric 
changes. The observation of air movement in boreholes indicates the existence 
of a substantial underground open fracture system that is sealed to a significant 
degree from the surface. However, these observations do not necessarily imply 
that the fractures interconnect to great depth (that is, cross cooling unit • 
boundaries). 
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TABLE 4.4-2 

CHARACTERISTICS OF TA-49 BOREHOLES DEEPER THAN 150 FTa 

Well 

DT-5P 

DT-5 

DT-5A 

DT·9 

DT·10 

1-200 (alpha) 

OSO (beta) 

CH-1 (Area 1) 

CH-2 (Area 2) 

CH-3 (Area 3) 

CH-4 (Area 4) 

Location 

, 11131.61 S 9435.54 E 

11099.42 S 9303.06 E 

11147.97 S 9302.77 E 

14280.74 S 13127.35 E 

11327.10 S 12994.48 E 

11098.83 S 9875.97 E 
(SE of Area 2) 

8363.00 S 9189.00 E 
(Water Canyon) 

10497.43 S. 8436.65 E 

12.5 ft E of hole M, 
Area 2 

11494.23 S 8206.40 E 

12032.82 S 9568.74 E 

Logsa 

None 

IND, GRN, TEMP 

LL, IND, ML, SL 
GRN, TEMP 

IND, GRN, SL 
TEMP, LL 

IND, GRN, TEMP 
SL 

IND, GRN, VL 

VL 

GR 

El, GRN, TEMP 

GR 

GR 

Comments; Depth (ft) 

Depth 692 ft; hole 
plugged and abandoned 

Depth 927 ft; hole cased 
0-180; 180-927 ft open 

Depth 1821 ft; cased 
1821 ft; pump 

Depth 1 ,501 ft; cased 
1 ,501 ft; pump 

Depth 1409 ft; cased 
1409 ft; pump 

Depth 1 89 ft; 24-in dia.' 
hole: cased 0-7 ft; open 
hole 7-1 89 ft . 

Depth 180 ft; 24-in dia. 
hole; cased 0-13ft; 
open hole 13-180 ft. 

Depth 501 ft; cased 
0-500 ft. 

Depth 507. ft; cased 
0-570 ft. 

Depth 300 ft; cased 
10·300 ft. 

Depth 303 ft; cased 
0-303 ft. 

aGeologic logs are available for all holes. Other borehole logs which are available include: 

IND :::: Induction/Electrical and Spontaneous Potential. 
ll:::: lateral 
Sl = Sonic 
TEMP:::: Temperature 
GRN :::: Gamma Ray Neutron 
ML :::: Microlog 
EL :::: Electrical 
GR :::: Gamma Ray 
VL Video 
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In summary, the significance of natural and explosively-induced fracture 
systems at MDA AB needs to be evaluated further. The lateral variability of 
potential transport zones, such as cooling fractures, fault zones, and surge 
deposits, needs further study (see Subsection 4.5.1. for discussion of bedrock 
stratigraphy). Information on the variability of potential retarding media beneath 
MDA AB, such as highly impermeable or sorptive zones, also should be 
evaluated further. Data needs include the measurement of key retardation 
factors, hydraulic properties, water content, and data on chemistry and isotopic 
content of pore fluids. These data are required as input for mathematical and 
conceptual models to evaluate rates of surface recharge and subsurface fluid 
movement. 

4.4.3 Saturated Zone Hydrology 

4.4.3.1 Alluvial Aquifers 

Surface water infiltration creates small, localized saturated zones in the alluvial 
fill of the canyon bottoms of the Pajarito Plateau (see Subsection 2.6.4 of the 
IWP). Surface water apparently infiltrates through the alluvium until the 
downward movement is impeded by less-permeable layers. Depletion by 
evapotranspiration and movement into the underlying rock also limits the size of 
saturated zones. 

Although available information suggests that canyon alluvial aquifers are 
unlikely to be important to the TA-49 RFI in general, they could be of 
significance if Phase I unexpectedly indicates the potential for contaminant 
movement into the main canyon systems. In that case, alluvial aquifers would 
be of concem for several reasons . 

• 

• 

Contaminated surface water from TA-49 potentially can 
recharge alluvial aquifers and be available for uptake by biota. 

Alluvial aquifers are potential zones for infiltration into the 
underlying tuff. They also are sources of water that could move 
toward the much deeper groundwater or to spring outlets in 
White Rock Canyon. 

Details of three shallow monitor wells installed in Water Canyon downgradient 
from TA-49 are shown in Appendix M of the IWP. These wells encountered no 
perched water when they were drilled in the summer of 1990, but ephemeral 
alluvial aquifers probably occur in the lower portion of Water Canyon. It is not 
known if an appreciable alluvial aquifer occurs in Ancho Canyon, although it is 
likely that at least a limited, and perhaps ephemeral, zone of saturation is 
present from recharge to the alluvial sediments from runoff events. 

Springs and seeps are known in the lower reaches of Water and Ancho canyon 
far downgradient from TA-49 (near the Rio Grande), but none are known within 
the boundaries of T A-49. 

Lateral groundwater flow is controlled by stratigraphic permeability barriers 
within the Bandelier Tuft: Lateral discharge from canyon walls or canyon 
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bottoms theoretically provides a potential transport path for contaminant • 
migration. However, tests and transport calculations described earlier in 
Chapter 2 of this au work plan indicate that for this pathway to be significant, 
quantities of water tremendously greater than those currently known to be 
available beneath any mesa top of the Pajarito Plateau would be required. 

4.4.3.2 Deep Groundwater 

The deep groundwater beneath T A-49 is part of the main aquifer that serves ali 
the municipal and industrial water use in Los Alamos county (Purtymun 1984, 
0196). As discussed earlier in Chapter 4 and in Chapter 2 of the IWP, the 
groundwater pathway is not likely to be important at the T A-49 au over the 100-
yr time period assumed for institutional control. Figure 4.4-3 shows generalized 
contours of the top of the main aquifer beneath T A-49. Figure 4.4-4 shows T A-
49 surface and groundwater sampling locations in relation to stations elsewhere 
at the Laboratory. 

Data to date suggests that, in general, there is little if any recharge through 
mesa tops of the Pajarito Plateau to the main aquifer (Chapter 2 of the IWP). 
However, recent field studies and a recent hydrogeologic review of existing. 
information suggest that the existing database is insufficient to exclude this 
possibility categorically (Goff et al. 1990, 0557; Goff 1991, 03-0008; Kearl et al. 
1986, 0652). 

Groundwater gradients of the main aquifer along the southern boundary of the • 
Laboratory have been established by extrapolation between a cluster of 3 deep 
test wells at T A-49, spring discharge pOints in White Rock Canyon, and 19 
water supply wells and 7 test holes along the northern boundary of the 
Laboratory. The three deep test wells at TA-49 were drilled into the main 
aquifer in 1959 (Weir and Purtymun 1962, 0228; Purtymun and Ahlquist 1986, 
03-0013). As Figures 4.4-2 and 4.4-3 indicate, well DT-5A is located in Area 5 in 
the center of the MDA AB areas and DT -9 and DT -10 are located generally 
downgradient of DT-5A. Well DT-9 is approximately 0.5 miles south of DT-10 
and 1 mile southeast of well DT-5A. Perched water was not detected during the 
drilling of these or other wells at TA-49. 

The elevation of the potentiometric surface of the aquifer rises westward from 
the Rio Grande through the Tesuque Formation, the lower part of the volcanics, 
and sediments beneath the central and western part of the Pajarito Plateau 
(Figures 4.1-1 and 4.4-3). Beneath TA-49, the potentiometric surface lies 
completely within the Puye sediments and the Tschicoma volcanics. The 
groundwater moves eastward and discharges into the Rio Grande through 
seeps and springs (see Chapter 2 of the IWP; Purtymun et al. 1980, 0208). 

The gradient on the upper surface of the aquifer is 40 to 60 ftlmile beneath the 
western and central part of Frijoles Mesa in the volcanic-sedimentary section 
and probably increases to 80 to 120 ftlmile within less-permeable sediments of 
the Tesuque Formation (Purtymun and Johansen 1974, 0199). Movement of 
groundwater generally is parallel to the dip of the potentiometric surface in 
unfractured rock, as at TA-49. Known groundwater flow beneath TA-49 is 
restricted to the lower portion of the volcanics and sediments and the upper 
portions of the siltsone and silty sandstone formations. • 
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Fig. 4.4-3 Generalized contours on top of the main aquifer (adapted from Purtymun and Johansen 1974, 0199) . 
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Figure 4.4-4 Surface and ground-water sampling locations within and near the Laboratory. 
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Aquifer performance tests were performed on the three deep test wells at TA·49 
(Table 4.4-3). The average groundwater flow velocity in the upper 490 ft of the 
aquifer beneath TA·49 (calculated using average values for thickness and 
coefficient of permeability) is approximately 345 ftlhr (Purtymun and Ahlquist 
1986, 03-0013). 

Water-level measurements at well OT-5A from 1960 to 1964 indicated a water
level decline of about 4 ft (Purtymun and Ahlquist 1986, 03~0013). Regional 
water-level declines are believed to result from pumping of supply wells located 
to the north. Well OT-SA was equipped with a pump in 1970 to facilitate 
collection of water samples for chemical and radiochemical analyses. Water 
pumped from OT-5A and OT·10 at low discharge rates did not affect water 
levels in OT-9. Well OT-9 was equipped with a water-stage recorder from 1960 
to 1968 and again from 1970 to 1982. The water levels in the well declined from 
a depth below land surface of 1003 ft in 1960 to 1006 ft in 1982. At OT-l0, the 
water level declined about 4 ftlyr from 1960 to 1967. According to Purtymun and 
Ahlquist, this reflects the normal deep ground water·level trend for the region. 
Well OT-l0 was equipped with a pump in 1979 to facilitate sampling for water. 

Water from wells DT·SA, OT-9, and DT·10 is of a sodium·bicarbonate type and 
is similar for all three wells (Purtymun and Ahlquist 1986, 03-0013; ESG 1990, 
0497). Total dissolved solids (TDS) concentrations range from 124 to 142 mg/L. 
Radiochemical analyses of groundwater since 1960 has indicated no detectable 
contamination of the main aquifer. Typical water chemistry analyses from these 
wells are presented in Appendix O . 

4.4.3.3 Tritium Levels in the Main Aquifer 

Weir and Purtymun (1962, 0228) reported low-level tritium analyses for three 
groundwater samples from two of the deep test wells at TA·49 (one sample 
from OT-5A and two samples from OT-9). Samples were collected from OT-SA 
at a depth of 1821 ft and from OT -9 at depths of 132S and 1501 ft. The results, 
presented in Table 4.4-4, show a tritium content ranging from about 8 to 12 pC ill 
vs about 320 to 6500 pCiII for regional meteoric water during the period 1955 to 
1965 (Goff 1991, 03-008). The tritium content in meteoric water in northem New 
Mexico peaked in 1962 at about 20,000 pCiII (Vuataz and Goff 1986,0390). 

With the assumption that the deep aquifer beneath T A-49 was neither enriched 
in tritium by local recharge nor diluted by older aquifer water, the ages of 
groundwater samples from wells DT-SA and OT-9 were calculated to be about 
20, 13, and '15 yr, respectively. The ages apparently are correlated with the 
collection depth (Weir and Purtymun 1962, 0228). Weir and Purtymun 
postulated that groundwater deeper in the aquifer moves more slowly and is 
older than shallower groundwater in the main aquifer, thus accounting for the 
older age calculated for the sample collected deepest in the aquifer. They also 
speculated that the two shallower samples could be relatively younger waters 
that are mixtures of water originating near the water table and deeper waters. 

Weir and Purtymun also pointed out that the calculated water ages could imply 
local recharge from Water Canyon. The Pajarito fault zone, located 
approximately 3.7 miles to the west (upgradient) ofTA-49, was indicated as one 
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TABLE 4.4-3 

SUMMARY OF AQUIFER PERFORMANCE TESTS OF DEEP TEST WELLS 
AT TA·49 a 

Well 

DT·5A DT-9 DT·10 

Depth (ft) 1,821 1,501 1,409 

Depth of main aquifer below land surface(ft) 1,178 1,006 1,091 

Saturated thickness (ft) 643 498 324 

Discharge rate (gal./min) 81 88 78 

Specific capacity (gaUminlft) 5.7 22 16 

Transmissivity (gaIJday/ft) 11,000 61,000 36,100 

Field coefficient of permeability (gaJday/ft)2 17 122 111 

• 

aOata are from Purtymun and Ahlquist (1986,03-0013). Average groundwater velocity beneath TA·49 is • 

approximately 345 ft/yr. 

• 
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Well 
No. 

DT-5A 

DT-9 

DT-9 

DT-5A 

Table 4.4-4 

Summary of Low-Level Tritium Analyses of Groundwater 
from TA-49 Deep Test Wells. Data are from (Weir and Purtymun 1962,0228) 

and (Goff 1992, 03-0008) 

Sampling Tritium 
Date Date Depth Below content Computed Ages of 

Collected Analyzed Land Surface (ft) (pCi/~ Samples (yr) 

5-1-60 11-60 1821 8.4 20 

2-16-60 11-60 1325 12.3 13 

5-7-60 11-60 1501 11.3 15 

10-23-91 1·92 pumped 0.00 >15 
(piston-flow) 
>10,000 
(well-mixed) 
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possible recharge zone. A groundwater flow velocity of about 1260 fVyr was • 
calculated, based on an average groundwater age of 16 yr and a distance of 
20,000 ft to the recharge zone. This flow rate contrasts with the average 
groundwater flow velocity beneath T A-49 of 345 fVyr as determined from T A-49 
aquifer performance tests. USing this information, the approximate distance to a 
possible local recharge area was calculated as 6300 ft, possibly along Water 
Canyon east of the Pajarito fault zone. 

Many assumptions underlie the derived ages in Table 4.4-4 and one of the 
original investigators has expressed concern about inadvertent contamination of 
the groundwater sample during sample collection and analysis or during 
storage with higher activity samples unrelated to T A-49. However, the ages by 
Weir and Purtyman inferred are near the younger age limits (8 yr for DT-9 and 
15 yr for DT -5A) calculated with a piston flow model and much younger than 
the 250 to 350 yr ages calculated with a model that assumed extensive mixing 
(Goff 1991,03-0008). 

A sample of DT-5A water collected in October 1961 contained no measurable 
tritium, implying that: 

• 

• 
• 

The Weir and Purtyman samples of 1961 indeed were 
contaminated by the sampling and analysis procedure, 

Local recharge and hydrology around the D-5A well is variable 
or has changed since 1961, or 

The reported tritium numbers are analytical artifacts. 

Calculated ages from the 1991 sampling are >50 yrs (piston-flow model) and 
>10,000 yrs (well-mixed model) (Goff 1991, 03-0008). In any case, if the 
present water contains a component from very recent recharge, it is not large. 

Additional hydrogeologic characterization relevant to evaluating the potential for 
vadose zone transport beneath MDA AB is proposed in Chapter 7. Specifically, 
analyses of pore water and groundwater for isotope ratio (oxygen-16/oxygen-18 
and deuterium/hydrogen) and lOW-level isotope contents (tritium, plutonium, 
carbon-14, and chlorine-36) will be performed to define the origin, age, and 
recharge flux of water beneath MDA AB. Chapter 7 also proposes additional 
studies regar9ing potential flow across fault boundaries, fault zones, fracture 
systems, and other geologic structures in the vadose zone beneath MDA AB. 

In Phase II of the TA-49 RFI, additional studies may be proposed to better 
define vertical mixing within the saturated zone, presence of multiple aquifers 
within the Santa Fe Group, source(s) and origin of groundwater, possible 
perched zones, and flux of recharge to the main aquifer. If necessary, additional 
hydrogeochemical studies also may be proposed to determine aquifer mixing 
and to evaluate chemical and isotopic changes as a function of depth. 

As discussed earlier in Chapter 4, an additional deep well along the southern 
boundary of the Laboratory in the vicinity of TA-49 may be proposed in Phase II. 

• 

In addition to the purposes mentioned previously, this well also would refine • 
groundwater flow directions in the vicinity of TA-49. Additional aquifer 
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performance tests also may be needed on existing TA-49 deep test wells to 
further define groundwater flow velocities and potential hydraulic boundaries 
across fault zones that may be present in the vicinity of TA-49. 

Further evaluation of the presence of potential alluvial aquifers within Water and 
Ancho canyons near T A-49 is not needed for the TA-49 RFI if, as expected, 
Phase I investigations confirm that T A-49 contaminants have not (and are not 
likely to) enter the major canyon systems. 

4.4.4 Hydrogeologic Properties of Bandelier Tuff 

Hydrogeological properties of Bandelier Tuff such as porosity, saturated and 
unsaturated permeability, moisture content, hydraulic conductivity, and moisture 
characteristic curves are required for modeling the movement of fluids in the 
vadose zone beneath MDA AB. Geochemical data, including multiparameter 
absorption properties, particle surface area, vadose zone chemistry, and 
mineralogical characterization, are required for geochemical and solute 
transport modeling. 

Most available data of these types are for crushed tuff and are from a variety of 
locations across the Laboratory. Little data on in situ properties at TA·49 are 
available. Of course, the accuracy with which data on crushed tuff, or from 
studies at other locations, can be extrapolated to T A-49 is subject to some 
uncertainties. The Framework Studies technical team currently is assessing the 
magnitude of this uncertainty . 

Injection well studies at T A-50 (as described in Subsection 2.6.3 of the IWP) 
determined that four different forms of moisture movement can occur through 
moderately welded Bandelier Tuff with a typical effective porosity of about 38% 
by volume. Conclusions from this study include the following: 

• 

• 

• 

• 

No significant movement of moisture occurs at moisture 
contents below 6%'by volume. 

Fluid movement is governed by diffusion in the moisture range 
6 to 12% by volume. 

Movement is controlled primarily by capillary forces in the range 
13 to 24% by volume. At the higher end of this range, gravity 
begins to supplement capillary forces. 

At 24 to 38% moisture content by volume, gravity is the 
dominant force driving the movement of moisture. 

During the injection well tests, it was found that considerable pressure was 
required to inject water continuously into the tuff. In addition, it was found that 
while tuff near the injection point did become saturated, farther from the 
injection point the three slower, unsaturated-flow mechanisms dominated and 
limited the rate of movement of fluid (both horizontally and vertically). Further, it 
was found that when injection ceased, the zone of saturation was gradually 
depleted as unsaturated flow mechanisms dispersed'the fluid from the point of 
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injection. With time, the system stabilized and moisture content became • 
sufficiently low that further moisture movement essentially ceased. 

Two aspects of this model of water movement in the Bandelier Tuff are 
important for TA-49. First, the tuff effectively resists the rapid influx of water, 
supplementing the clay layer in the lower soil profile in restricting infiltration to 
the low rates that have been observed in field studies. Second, fluids accepted 
by the tuff are not transmitted rapidly down through the tuff, but rather are 
retarded strongly and dispersed outward through the tuff from the point of 
injection. 

The following discussion summarizes existing information on hydrogeologic 
properties specifically relevant to T A-49. 

4.4.4.1 Porosity 

The various units of the Bandelier Tuff tend to have relatively high porosities. At 
T A-49, porosity ranges from 19 to 55% by volume for cooling Units 2, 3, 4, and 
6, as designated by Weir and Purtymun. Porosity ranges from 30 to 60% by 
volume on other tuff samples collected within the Laboratory, generally 
decreasing for more densely welded tuff (see Subsection 2.6.3 of the IWP). The 
effective porosity, indicating the interconnected or fluid-accessible porosity, 
ranges from 18 to 52% for Bandelier Tuff. 

4.4.4.2 Permeability 

Permeability refers to the potential for fluid movement through porous or 
fractured media. Permeability values for the Tshirege member at TA-54, which 
were determined using in situ vacuum and water injection tests and laboratory 
analyses of cores, ranged from 0.1 to 0.6 darcies (Kearl et al. 1986; 0135; 
Stoker et al. 1991, 0715). 

4.4.4.3 Moisture Content 

The moisture content of tuff beneath the mesa top at TA·49 is low, generally 
ranging from 0.2 to 9 % by volume (Weir and Purtymun 1962, 0228; Subsection 
2.6.3 of the IWP). Tuff moisture content was measured as 13 to 36% by volume 
in Beta Hole, a 180-ft test hole through alluvium in Water Canyon north of MDA 
AB. Even though this hole is located within about 20 ft of the stream channel, 
over a period of 30 yr it has never been found to contain standing water, even 
after prolonged periods of runoff. Infiltration into the borehole obviously is 
minimal even under conditions that would seem optimal for infiltration. The lack 
of infiltration apparently is related to sealing of infiltration routes by sediments 
and other native materials. Video logs appear to show that many fractures in the 
tuff at Beta Hole are filled with secondary deposits, whereas many fractures at 
Alpha Hole (189 ft deep, on the mesa top between Area 2 and 4) remain open 
below the soil zone. 
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As discussed in Subsection 4.4.1 of this work plan and in Chapter 2 of the IWP, 
numerous studies at TA-49 and other Laboratory sites have shown that tuff 
moisture content beneath mesa tops varies little below a depth of about 15 ft. 
The specific retention of the upper Bandelier Tuff at T A-49 ranges from 11 to 
27% by volume, indicating a considerable field capacity for holding moisture 
(Weir and Purtymun 1962, 0228). 

4.4.4.4 Hydraulic Conductivity 

Hydraulic conductivity quantifies the permeability of the medium to fluids. 
Saturated Bandelier Tuff has a hydraulic conductivity ranging from 0.02 cm/hr 
for welded tuff to 1.1 cm/hr for nonwelded tuff (see Subsection 2.6.3 of the 
IWP). In situ hydraulic conductivity values measured at TA-54 ranged from 1.6 
to 4.4 cmlhr as determined from air injection and vacuum tests, respectively 
(Kearl et al. 1986, 0135). 

The hydraulic conductivity of unsaturated Bandelier Tuff varies with moisture 
content and has values 2 to 5 orders of magnitude lower than for saturated tuff 
(2 x 10-4 to 2 x 10·7 cmlhr for welded tuff and 0.011 to 1.2 x 10-5 cmlhr for 
nonwelded tuff) (Stoker et aI., 1991, 0715). Based on the measured hydraulic 
conductivities, mass transfer rates calculated for the Tshirege member of the 

Bandelier Tuff at T A-49 range from 0.04 to 22 gal.lday/ft2 for consolidated 

samples and from 34 to 59 gal.lday/ft2 for unconsolidated samples (Weir and 
Purtymun 1962, 0228) . 

4.4.4.5 Moisture Characteristic Curve 

One of the key relationships in describing the movement of water in unsaturated 
porous media is the water characteristic curve that relates water content of the 
solid phase to suction, tension, or negative pressure head. The moisture 
characteristic curve also is used to determine the relative hydraulic conductivity 
so that flux values can be calculated for water contents below saturation. 

There have been numerous moisture characteristic determinations performed 
on crushed Bandelier Tuff but little in situ data are available, particularly for the 

, low water content generally found in Bandelier Tuff (e. g., Abeele 1984, 0002). 
The applicability of crushed tuff data to intact tuff is open to some question. 
Moisture curves for intact cores from Mortandad Canyon have been reported 
(Stoker et al. 1991, 0715. Abrahams (1963, 0011) compared values for cores 
and cuttings from MDA T at TA-21 and concluded that cuttings could not be 
used to determine physical properties other than the water content. Similar 
conclusions were reached by Kearl et al. in a study at T A-54 (1986, 0135). 

4.4.4.6 Hysteresis 

The moisture characteristic curve for Bandelier Tuff is hysteretic, meaning that it 
has a different shape when the matrix is wetting than when it is drying. If a 
system exhibits significant hysteresis, the time history of wetting and drying will 
be required in order to predict pressure head from water content values. 
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Abrahams (1963. 0011) found that samples from MDA T at TA-21 exhibited 
hysteresis. For example, the tuff water content at a 333-cm pressure head had 
a value of 22% by volume on the wetting curve vs a value of 14 % by volume on 
the drying curve. Additional hydrologic information is given in Section 2.6 of the 
IWP and in reports on Mortendad Canyon tuff studies (Stoker et al. 1991, 0715). 

4.4.4.7 Summary 

The recent hydrogeologic review recognized the need for comparison of 
hydrogeologic results from laboratory and in situ methods on a Laboratory-wide 
basis (Kearl et al. 1991, 0652). The review also recommended further 
investigation of recharge processes involving the alluvial and main aquifers on a 
Laboratory-wide basis. Additional studies of this type currently are being carried 
out by the ER Framework Studies and Environmental Surveillance groups. 

The presence of jOints. fractures, and erosional surfaces at unit contacts at 
T A .. 49 in the Bandelier Tuff raises issues of interception and diversion of vertical 
flow by less-permeable horizontal surfaces, and enhanced flow across lithologic 
unit boundaries by fracture systems. Mapping of subsurface structure and 
hydrogeologic characteristics of the tuff beneath MDA AB is proposed in 
Chapter 7 to address these issues. The mapping will extend to at least a depth 
of 700 ft to ensure that the Tshirege-Otowi contact, a potential perching zone, is 
encompassed. 

• 

Moisture content will be measured and correlated with geologic features during • 
all future T A·49 coring operations. 

Although no springs or seeps are known or suspected at TA-49, during the TAw 
49 RFI, standard field geologic observation techniques will be used by site 
personnel to detect their possible presence. If springs or seeps are discovered, 
an evaluation may be needed of the potential for hydraulic connection to alluvial 
or perched aquifers or to the main aquifer. 

4.5 Geology 

Section 2.6 of the IWP and earlier sections of the T A-49 work plan discuss the 
regional setting and general geology of the Pajarito Plateau. The following 
discussion pertains to the geology in the immediate vicinity of TA-49. 

4.5.1 Bedrock Stratigraphy 

T A-49 lies on the east flank of the Jemez Mountains volcanic field and on the 
west margin of the Espanola Basin of the Rio Grande rift (see Figure 4.1-1), 
Factors that may affect the actual geometry and distribution of subsurface units 
beneath TA-49 include abrupt lateral and vertical facies variations in rock units, 
significant relief on paleotopographic surfaces on which rock units were 
deposited, and fault offsets in the older units that are masked by younger rocks 
which themselves show little or no displacement. 
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The rocks exposed in the area of TA-49 are entirely of the Tshirege Member 
(1.1 myr) of the Bandelier Tuff. Two relatively detailed geologic maps of the 
Bandelier Tuff exist for the TA-49 vicinity (E. Baltz in Weir and Purtymun 1962, 
0024, Vaniman and Wohletz 1990, 0541). Each of these maps divides the 
Tshirege Member into units that are based mainly on physical characteristics 
imparted by the cooling history of ignimbrite flow units. A version of the Weir 
and Purtymun map is shown in Appendix G. 

In 1959, the stratigraphy beneath TA-49 was mapped from the three deep test 
holes discussed earlier in this chapter. A surface map also was prepared that 
correlates TA-49 borehole data with surface geology. Schematic diagrams, 
compiled from logs for the three deep test wells and Core Holes 1 through 4, 
are shown in Figures 4.5-1 and 4.5-2. Additional borehole log data are 
contained in Appendix D. The rock column (from youngest to oldest) beneath 
T A-49 consists of: 

• 

• 

• 

• 

• 

approximately 640 to 670 ft of the Tshirege Member of the 
Bandelier Tuff, which Weir and Purtymun divided into six units, 
based mainly on physical and mineralogical characteristics 
imparted by cooling. These units include multiple rhyolitic 
ignimbrite flow units; a widespread pyroclastic surge bed up to 
several feet thick; and numerous thin discontinuous surge 
deposits. 

approximately 200 ft of the Otowi Member of the Bandelier Tuff, 
which apparently includes two rhyolitic ignimbrite flows 
(Purtymun and Stoker 1987, 0204), but data and descriptions 
are sparse. The Otowi Member also includes up to 91 ft of the 
Guaje Pumice bed. Note that earlier workers (eg., Weir and 
Purtymun 1962, 0228; Griggs and Hem 1964, 0313; Purtymun 
and Stoker 1987, 0204) distinguish the Guaje Pumice as a 
separate "member" of the Bandelier Tuff. 

approximately 500 to 600 ft of deposits consisting of 
interbedded Puye Formation conglomerates and Tschicoma 
Formation latites and quartz latites. 

approximately 50 to 90 ft of the Totavi Lentil conglomerate (of 
the Puye Formation) with characteristic quartzite cobbles and 
other typical Precambrian lithologies. 

an undetermined thickness (at least 290 ft) of undivided 
siltstones and sandstones of the Santa Fe Group. 

Inconsistencies exist in stratigraphic subdivisions of the Bandelier Tuff among 
various reports (Weir and Purtymun 1962, 0228; Baltz et al. 1963, 0024; Crowe 
et al. 1978, 0041; Vaniman and Wohletz 1990, 0541). Many of the stratigraphic 
discrepancies are caused by variations in nomenclature for different units. The 
TA-49 work of Weir and Purtymun was the first attempt to divide and correlate 
various Bandelier Tuff units, and their nomenclature is used in this work plan. 
However, as discussed below, Weir and Purtymun's 1962 hydrogeological 
report on TA-49 describes what now appear to be unusual stratigraphic 
relations given the current understanding of the stratigraphy of the area. 
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Figure 4.5-1 Schematic of TA-49 stratigrapy compiled from logs of deep test wells 
DT-5A, DT·9, and DT-10 (adapted from Weir and Purtymun, 1962, 0228). 
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Figure 4-5.2 Schematic of stratigraphy beneath MDA AB from logs of Core Holes 1 ~4 
(adapted from Weir & Purtymun, 1962, 0228). 
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Weir and Purtymun described the Guaje Pumice Bed in the DT-5A borehole as • 
being 91 ft thick. Such a thickness at TA-49 is surprising because it is far thicker 
(by 60 ft) than at localities along the dispersal axis of the pumice fall (Griggs 
and Hem 1964, 0313; Self et al. 1986, 0375), If the Guaje Pumice beneath TA-
49 is as thick as reported. it could strongly impact hydrologic behavior in the 
deep unsaturated zone beneath TA-49. 

Other surprising features in the Weir and Purtymun logs are the relations of 
"Tschicoma Formation quartz latites and latites." With one possible exception 
in deep well DT-9, all of the "quartz latite or latite" flows encountered in the TA-
49 wells are about 30 ft thick, and one is described as overlying basalts of 
Chino Mesa (Griggs and Hem 1964, 0313). Gardner et al. (1986, 0310) showed 
that the "quartz lalites and latites" of earlier workers in this area are, in fact, 
dacites, which are relatively low temperature, high-viscosity lavas. Sequences 
of flows as thin as 30 ft for such lavas would be unusual. On the other hand, 
andesites are much more fluid lavas and typically form thin flow sequences. 

A major center of Paliza Canyon Formation andesitic (with minor basaltic) 
volcanism lies about 6 km southwest of TA-49. Andesite flows are exposed 
Within about 2 km of TA-49 (Goff et al. 1990, 0557). It is improbable that 
Tschicoma Formation rocks overlie basalts of Chino Mesa because the most 
recent Tschicoma volcanism occurred around 3 to 4 million yrs ago and most 
volcanism of the Cerros del Rio basalt field, which includes Chino Mesa. 
occurred around 2 to 2.5 million yrs (Gardner et al. 1986,0310). 

Whether or not the lavas penetrated by the TA-49 deep test wells are Paliza 
Canyon Formation, Tschicoma Formation, andlor Cerros del Rio basalts could • 
be significant because the sources of these volcanics would lie to the south-
southwest, west, andlor east of the site, respectively. Thus, depending on the 
direction to the volcanic source, the dips of the volcanic and volcaniclastic units 
could vary dramatically. The dips of these units could influence flow directions 
and, possibly, the recharge sources in the main aquifer. 

Noteworthy within the upper portion of the Tshirege Member at TA-49 is a 
widespread pyroclastic surge bed (designated as Unit 5 by Weir and Purtymun) 
which exists at a depth of about 60 to 80 ft beneath MDA AB . This bed is well 
exposed along the road from TA-49 to Water Canyon; it was mapped in the 
Area 10 Calibration Chamb~r shaft and in numerous experimental shafts in 
Areas 1 through 4 that were drilled from 1959 to 1961. 

Figures 4.5-3 and 6.5-4 show the surge deposit in the Water Canyon 
outcropping and in the Area 10 calibration shaft. Previously described as a 
fluvial, crossbedded sandstone (Purtymun and Stoker 1987, 0204). this surge 
bed provides a useful site-wide stratigraphic marker. Of much greater 
significance is its potential as a migration pathway, because its permeability is 
much greater than that of the surrounding tuff and because its location is near 
the highly contaminated zone of many experimental holes in MDA AB, as 
described in Chapter 7 of this OU work plan. 

Tuffaceous sediments of the Cerro Toledo rhyolite were deposited between the 
upper and lower members of the Bandelier Tuff throughout the Frijoles Mesa 
area. The Tsankawi Pumice is above the Cerro Toledo sediments and is • 
distributed widely. The sediments include intercalated lenses of coarse boulder, 
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Figure 4.5-3 Ashflow units 4 and 6 and surge deposit unit 5 of the Tshirege Member of 
the Bandelier Tuff at T A-49 (adapted from Purtymun and Stoker 1987, 
0204). The upper photograph shows the outcropping of Unit 5 one quarter 
mile northwest of well DT-9. The lower photograph shows units penetrated 
by the calibration shaft at Area 10 at a depth of about 60 ft below the 
surface . 
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conglomerates and undulating channel fill that may provide permeable 
horizontal pathways for fluid migration. Fluvial sedimentary rocks of the Puye 
Formation (which includes the Totavi Lentil) and the Santa Fe Group form the 
major hydrogeologic units beneath the Bandelier Tuff. Porous and permeable 
horizons within these sedimentary units are potential transport pathways. These 
rock units do not crop out at Frijoles Mesa, but excellent exposures occur in Los 
Alamos, Pueblo, Guaje, and White Rock canyons. 

Uncertainties about the thicknesses, ages, and identities of deep stratigraphic 
units beneath TA-49 need to De resolved and correlated with data for other 
parts of the Laboratory. Resolution of stratigraphic uncertainties will lead to 
better understanding of the entire vadose zone beneath MDA AB. This activity 
will be facilitated by detailed documentation (including geologic mapping) of the 
physical and chemical properties of the Bandelier Tuff in both canyon 
exposures around T A-49 and boreholes beneath MDA AB, as proposed in 
Chapters 6 and 7. Two and three-dimensional representation and interpretation 
of existing TA-49 data and new data from the RFI, will be used to assist this 
evaluation. 

As mentioned earlier, implacement of an additional deep borehole in the vicinity 
of TA-49 may be considered in Phase II of the TA-49 RFI. Continuous core 
samples to at least 1500 ft would allow the classification of stratigraphic 
~elations and provide samples for petrographic and radiometric dating studies, 
as well as ensuring additional confidence in the shape of the piezometric 
surface beneath TA-49 and providing an additional deep monitoring well. 

• 

An additional deep borehole along the southern boundary of the Laboratory • 
also would be useful for further constraining Laboratory-wide correlations of 
subsurface units and their geometries and attitudes. Therefore, siting and other 
requirements of an additional deep borehole will be coordinated with 
Framework Studies and Laboratory Environmental Surveillance groups and with 
future deveiopment of other au work plans. 

4.5.2 Geologic Structure 

T A-49 is on the Pajarito Plateau, which lies at the western margin of the 
Espanola Basin of the Rio Grande rift, a major regional tectonic feature (Figure 
4.1-1). The Pajarito fault system forms the western margin of the Espanola 

. Basin and has experienced Holocene movement and historic seismicity 
(Gardner and House 1987, 0110; Gardner et al. 1990, 0639). 

In addition to the main trace of the Pajarito Fault, other fauits ,uoture the 
surface of the Bandelier Tuff near the Laboratory. The Water Canyon fault 
breaks the Bandelier surface west of T A-49. The Guaje Mountain fault has been 
mapped as far south as TA-55, about 2 miles north of T A-49 (Figure 4.5-4). This 
~ault is orojected to pass directly beneath T A-49. The Rendija Canyon and 
Guaje Mountain faults, exposed north of Los Alamos Canyon, are characterized 
by zones of gouge arid breccia up to several meters wide, where there is visible 
offset of stratigraphic horizons. 
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Fig.4.5-4 Faults at selected Laboratory Technical Areas. Los Alamos. White Rock. 
and major roads (modified from Dransfield and Gardner (1985. 0082) and 
Gardner and House (1987.0110) . 
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A variety of data was integrated (Dransfield and Gardner 1985, 0082) to 
produce structure contour and paleogeologic maps_of the pre-Bandelier Tuff 
surface beneath the Pajarito Plateau (Figure 4.5-4). Their maps reveal that 
subsurface rock units are cut by a series of down-to-the-west faults. The 
overlying Bandelier Tuff is not obviously displaced by these buried faults, 
showing that most displacements predate tuff deposition at least in the 
uppermost ashflow units. 

Displacement of Bandelier Tuff on the Guaje Mountain and Rendija Canyon 
faults apparently decreases south of Los Alamos Canyon, and discreet faults 
are replaced by wide zones of intense brecciation and fracturing superimposed 
on the network of cooling jOints in the Bandelier Tuff (Vaniman and Wohletz 
1990,0541). 

Detailed fracture studies of the Pajarito Plateau have shown that fracture 
abundances and apertures increase along fault projections in the Bandelier 
Tuff. Unlike cooling jOints, these tectonic fractures cross lithologic boundaries. 
Thus, tectonic fractures may provide more continuous and more deeply 
penetrating flow paths for groundwater migration than cooling joints can. 
Dransfield and Gardner (1985,0082) estimate that about 140 ft of down-to-the
east offset on the pre-Bandelier Tuff surface exists along the projection of the 
Guaje Mountain fault near well DT·5A at TA-49. 

The position of the Guaje Mountain fault at T A-49 is poorly constrained, and it is 
not known if the fault manifests as a tectonic fracture zone at TA-49. If the 
Guaje Mountain fault exists beneath TA-49, it could have a significant influence • 
upon the site's vadose and saturated zone hydrology and thus would be 
important in the evaluation of infiltration pathways. 

As discussed further in Chapters 5 and 7, the locations and character of 
subsurface faults and tectonic fracture zones in the vicinity of MOA AB should 
be determined because these structures are potentially important pathways for 
local recharge and contaminant transport through the vadose zone to 
groundwater. 

Existing data from T A-49 boreholes, along with data from proposed boreholes 
around and under MOA AB (see Chapter 7), will be used for stratigraphic, 
hydrologic, and structural characterization. Unit correlation among boreholes 
and fracture analyses will better constrain the locations and character of faults 
that may exist beneath MOA AB. Correlation techniques will include 
mineralogical and geochemical fingerprinting and radiometric dating of volcanic 
units, as necessary. 

As proposed in Section 6.2, fracture analysis will be carried out for artificial and 
natural exposures to identify and locate tectonic fracture zones. The approach 
used by Vaniman and Wohletz (1990, 0541) addresses all fractures and 
provides methods for distinguishing cooling and tectonic fractures. Systematic 
aerial photograph mapping of all fractures at a scale no less detailed than 
1 :1000 will complement the field studies. These studies will incorporate data 
from the detailed analysis of fracture maps of experimental shafts in MOA AB 
reported by 0Neir and Purtymun 1962, 0228). If possible, the open shaft in Area 
10 will be re-entered for characterization of fractures and the surge deposit (Unit • 
5 as designated by Weir and Purtymun) will be characterized. Studies of 
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fractures and rock alteration will be carried out to evaluate the significance of 
fluid infiltration. 

If required as part of Phase II of the TA-49 RFI or Framework Studies activities, 
a shallow east-west trench about 2000 ft in length may be proposed to 
supplement surface and core studies at T A-49. This trench would provide data 
on the geological variability at T A-49, including soil characteristics, structural 
geology, contact zones between different soil series and the Bandelier Tuff, as 
well as other geological information of value to both the TA-49 RFI and the 
Laboratory-wide ER program. 

4.5.3 SeismiCity and Volcanism 

TA-49 lies within a region that possesses a rich geologic history including Late 
Pleistocene volcanic and very recent tectonic activity. Volcanism began in the 
Jemez Mountains volcanic field more than 13 myr ago and continued without 
significant hiatus until 130,000 yr ago (Gardner et al. 1986, 0310). Reports of 
questionable reliability describe what apparently were phreatic explosions and 
possible associated earthquakes within the volcanic field around 100 yr ago, as 
reported in the Santa Fe Daily New Mexican on October 15, 1882. 

Given the long history of spatially focused, continuous volcanic activity, future 
volcanism may be expected in the region. Examination of the area's tectonic 
history indicates that future volcanism would likely occur some tens of 
kilometers north of TA-49 (Gardner and Goff 1984, 0719; Gardner 1985, 0721; 
Self et al. 1986, 037S). Although volcanic activity directly affecting T A-49 is very 
unlikely over time periods of interest, sufficient data to quantify the probabilities 
and nature of future volcanism are lacking. 

Seismic studies are relevant to the TA-49 OU because of its proximity to major 
fault zones of the Pajarito Plateau. Future seismic activity affecting TA-49 is 
likely, but quantification of probabilities is beyond present capabilities. Recent 
work has shown that three faults in Los Alamos County are seismically active 
and capable of generating Richter magnitude-7 earthquakes (Gardner and 
House 1987, 110; House and Cash 1988, 0132; Gardner et al. 1990, 0639; 
Gardner and House 1991, 0720). However, it is not known how frequently these 
and smaller earthquakes occur, nor what the potential is for generating surface 
rupture and mass wasting within the confines of the Laboratory. In a recent 
T A-21 safety analysis, the likelihood of a Richter magnitude-S earthquake was 
estimated to be about 1/100 yr (Rhyne et. al. 1991, 0742) 

The evaluation of future volcanism that could affect TA-49 and other portions of 
the Laboratory would require a very large effort. An ongoing Laboratory study 
apart from the ER program is currently evaluating the probabilities of future 
seismic activity that may affect the Laboratory. This work, combined with TA-49 
field studies proposed in Chapters 6 and 7 of this OU work plan, will facilitate 
evaluation of surface rupture and seismically induced mass wasting at this site. 
Because such research is already under way, there is no immediate reason to 
initiate a separate study for the TA-49 RFI. 
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4.6 Geochemistry 

Principal contaminants of geochemical concern at T A~49 are beryllium, lead, 
uranium, plutonium, and americium. Because all of these contaminants are 
expected to sorb strongly to the site soils and sediments, physical transport is 
expected to dominate over solutional transport (Nyhan and Lane 1986, 0159). 
The general insolubility of TAU contaminants under environmental conditions 
and low moisture conditions of the au also minimize the potential significance 
of solutional transport. Uranium is expected to be in the hexavalent state at the 
surface of the au, but in MDA AB shafts uranium could be present in either the 
tetravalent state or the more soluble hexavalent state. Lead and beryllium are. 
expected to be present in the divalent state and to have relatively greater 
solubility than the actinides will have. 

There is a wealth of data related to radionuclide transport in volcanic tuff 
available from investigations of the proposed Yucca Mountain high-level waste 
repository, but few studies have been conducted on the Bandelier Tuff (e. g., 
see Thomas 1987, 0697). The Yucca Mountain data can be used to provide 
crude estimates of TA-49 retardation factors, even though the tuff of Yucca 
Mountain generally is much more highly welded than that of the Pajarito 
Plateau. General literature also is available on retardation factors for 
radionuclide, lead, and beryllium with porous materials. Examples of available 
retardation data for Yucca Mountain tuff are given in Table 4.6-1. 

• 

The limited existing data on retardation factors for tuff, soils, and sediments of 
the Pajarito Plateau are summarized in Section 2.6 of the IWP. No values are 
available for lead and beryllium (two key TA-49 contaminants), and only a few • 
measurements have been made for radionuclides for any sorptive media 
collected at Laboratory locations. No retardation factors are available for 
sorptive media collected at TA-49. 

The only cation exchange datum for any TA-49 medium is the ion exchange 
capacity for plutonium on TA-49 tuff (unit unspecified), which is reported to 
range from 0.5 to 4.0 meq/100g (Purtymun and Stoker 1987, 0204). 

Some additional mineralogical and chemical characterization of soils, 
sediments, upper Bandelier Tuff, and fracture filling materials are needed for 
Area 11 and MDA AB to obtain geochemical data necessary for solutional 
transport modeling. It is particularly important to obtain estimates of hydraulic 
parameters and retardation factors for the prinCipal TA-49 contaminants of 
concern (plutonium, uranium, lead, and beryllium). 

4.7 Environmental Monitoring at TA·49 

The Laboratory's routine environmental surveillance program is described in 
annual reports published by the Environmental Surveillance Group (EM-8). Data 
specific to Laboratory and regional background characterization of surface 
water, groundwater, soil and sediment, air quality, and ambient penetrating 
radiation levels are provided in the ESG reports. Three categories of monitoring 
stations have been defined. 
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TABLE 4.6-1 

TYPICAL SORPTION RATIOS FOR YUCCA MOLINTAIN 
TUFF (ADAPTED FROM THOMAS 1987, 0697) AND OTHER SOURCESa. 

ELEMENT SORPTION RATIO, Rd 

Americium >1000 

Cesium 200-1200 

Neptunium 5 

Plutonium 300-1600 

Strontium 20-80 

Uranium· 5 

The sorption ratio, Rd, is used as a measure of sorption as a function of many parameters. It is defined 
as 

activity in solid phase per unit mass of solid 
Rd == 

activity in solution per unit volume of solution 

and is expressed in units of mJ/g. This ratio is often referred to as the distribution coefficient, Kd' Los 
Alamos prefers not to use this term, which implies equilibrium, because reversible equilibrium is usually 
not attained. If equilibrium is attained, then Kd is related to a retardation factor, Rt, in a uniform flowing 
system by 

Rt == Kd (pie) + 1 , 

where p is the bulk density and e is the porosity of the rock. Oxidizing conditions are assumed . 
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(1) Regional stations are used to establish regional background at 
some distance from Laboratory operations. The regional 
stations are located within the five counties surrounding Los 
Alamos County at distances up to 50 miles from the Laboratory. 

(2) Perimeter stations are located closer to the Laboratory 
boundaries. These stations are not expected to be affected by 
routine Laboratory operations, although unexpected releases 
could affect these stations. They are used to confirm that any 
releases beyond the Laboratory boundary are evaluated and 
remain minimal, and to establish background closer to 
Laboratory operations. 

(3) On-site stations are in proximity to Laboratory facilities and 
monitor the effect of releases close to the source. Such on-site 
stations at TA-49 are described in this section. 

4.7.1 Bandelier Meteorological Station 

As discussed in Section 4.2. the Bandelier Metereological Station located in the 
southeastem portion of T A-49 has provided data on air quality and meteorology 
since 1987. 

4.7.2 Radiation Monitoring 

• 

Background neutron and total gamma fluxes are measured by detectors at a • 
permanent monitoring station located at the main gate to TA-49 along State 
Road 4 (Air Monitoring Station 23). Levels of airborne radionuclides (tritium, 
uranium, plutonium. and americium) also are measured at this location and at a 
similar station located 100 ft northeast of Area 2 (Air Monitoring Station 32 
within Area 12). During more than 10 yrs of operation, the State Road 4 station 
has indicated above-background radionuclide levels only for tritium, and then, 
only on a few occasions (e.g., see ESG 1989,0308; ESG 1990, 0497; 
Purtymun and Stoker 1987, 0204). These events involved tritium levels far 
below any existing air quality guidelines and are attributable to releases 
elsewhere at the Laboratory. Station 32 has indicated levels of airborne 
plutonium and americium slightly above background only during one quarterly 
monitoring period. As discussed in greater detail in Chapter 7, the levels were 
far below DOE action guidelines and no doubt are associated with known 
surface soil contamination in Area 2. 

A series of thermoluminescent dOSimetry (TLD) stations located around MDA 
AB and a second array of background TLDs near well DT-9 have measured 
penetrating radiation levels at TA-49 for many years. The annual Environmental 
Surveillance reports indicate that doses at TA-49 are indistinguishable, from 
regional background levels. 
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4.7.3 Surface and Groundwater Monitoring 

As discussed elsewhere in this OU workplan, groundwater from deep test wells 
OT-5A, OT-9, and OT-10 has been sampled at least annually since 1960 as 
part of the Laboratory's environmental surveillance program, with no indication 
of contamination from the T A-49 QU. 

Routine annual sampling of surface water from Water and Ancho Canyons is 
conducted at least annually at stations near State Road 4 approximately 2 miles 
downstream from TA-49 (Chapter 2 of the IWP), near Beta Hole in Water 
Canyon, and in springs and seeps along White Rock Canyon. Surface run-off is 
sampled in minor drainages around MOA AB on an opportunistic basis following 
intense precipitation events. 

No contamination of surface and groundwater by TA-49 contaminants (except 
for Core Hole 2, as discussed in Chapter 7) has been indicated in the 30 years 
of monitoring. Typical analyses for water samples collected at T A-49 are given 
in Appendix O. 

4.7.4 Soil and Sediment Monitoring 

Two soil stations, one near well OT-9 and one across State Road 4 from TA-49, 
are sampled annually as part of the Laboratory's ongoing environmental 
surveillance program. Sediment stations, which also are sampled annually, are 
located near Beta Hole in Water Canyon, downgradient where Water and 
Ancho canyons are intersected by State Road 4, and at springs and seeps near 
the Rio Grande. Levels of radionuclides and selected metals measured at these 
monitoring stations over many years consistently are below detection limits or 
close to regional background (e.g., see ESG 1990, 0497). Appendix 0 contains 
representative results. 

In 1975, an annual sediment sampling program was initiated at TA-49 as part of 
the Laboratory's routine environmental surveillance program. The location of 
soil and sediment stations at TA-49 are shown in Figure 4.7-1. The TA-49 
sediment stations are sited in all the significant drainage channels from the 
main experimental areas now comprising MOA AB. Eleven stations were 
established in 1975 and a twelfth was added in 1981 when the surface drainage 
was modified. 

Analytical results from the annual sampling program at T A-49 are available in 
Laboratory memoranda from 1975 to 1986 and in annual ESG reports since 
1987. Plutonium data for two representative years (1983 and 1984) are 
summarized in Table 4.7-1 and other data are given in Appendix 0 of this work 
plan. Results are discussed in detail in relation to individual SWMUs in 
Chapters 6 and 7. 

In summary, past soil sampling at TA-49 has shown that radionuclide and metal 
levels are slightly above regional background at a few s'ampling locations 
associated with Area 2 or Area 11 (e.g., station A-3). However, the data strongly 
indicate that contaminants are derived only from near-surface contamination 
and not from waste buried in the MOA AB shafts (for additional discussion of 
this important point, see Chapters 6 and 7 and the following references: Soholt 
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1990, 0698; Purtymun and Stoker 1987, 0204; Purtymun and Ahlquist 1986, 03-
0013; ESG 1990, 0497. The surface soil contaminant distribution appears to be 
highly localized and highly discontinuous and, in almost all cases, contaminant 
levels are found to be well below action levels pertinent to unrestricted site use 
(see Chapter 5). 

Data from the entire network of routine surveillance stations at T A-49 and in 
adjacent canyons have given no indication that detectable levels of any 
contaminants have migrated beyond the OU boundaries. 

4.7.5 Periodic Intensive Survey of MDA AB 

As part of DOE's management of MDAs containing buried radioactive waste, an 
intensive study of surface soils and vegetation at MDA AS and several other 
areas of T A-49 was conducted in 1987 (Soholt 1990,0698). Results of this 
survey, referred to as the "A-411 survey," are discussed in detail in Chapters 6 
and 7. Another intensive survey is scheduled for MDA AS in 1993 or 1994. The 
T A-49 RFI work plan has been designed to serve the purposes of the next 

4.7.6 Foodstuff Monitoring 

Honey and bees from a hive maintained at the TA-49 meteorological station 
were sampled in 1988 for radionuclides and a few heavy metals (ESG 1989, 
0308). No levels significantly above regional background were found . 

4.7.7 Special Studies 

Special hydrogeologic and radiological studies of TA-49 have been carried out 
over the past 30 yr with emphasis on MDA AS and other SWMU areas. These 
are discussed on an individual-SWMU basis in Chapters 6 and 7. 

4.8 Potential Pathways of Contaminant Migration 

The principal potential migration pathways for surface units at TA-49 SWMUs 
over the assumed period of institutional control (100 yr) are surface erosion 
(water and air) and exhumation by burrowing animals (notably at Area 2), as will 
be discussed further in Section 4.11 and Chapter 7. For deeply buried wastes at 
MDA AS, infiltration and human intrusion are identified as potentially important 
scenarios over very long time frames. 

4.9 Potential Receptors 

This section identifies receptors for contaminants which potentially could be 
released from T A-49 SWMUs, based on pathways described in Subsection 
4.9.3. Generic receptor scenarios for the Laboratory as a whole are being 
developed programmatically for inclusion in the 1992 IWP. 
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Table 4.7-1 

PLUTONIUM RADIOCHEMICAL ANALYTICAL RESULTS FOR SOIL 
AND SEDIMENTS AT TA-49 IN 1983 AND 1984 

238pu 239.240pu 

Location Year (pCVg) (pCVg) 

~ 

T A-49lBandelier boundary 1984 0.000 ± 0.002 0.024 ± 0.006 
Near DT-9 1984 -0.006 ± 0.010 0.035 ± 0.010 

Sediments 

Water Canyon at State Road 4 1984 0.002 ± 0.003 0.003 ± 0.004 
Water Canyon at Rio Grande 1984 -0.001 ± 0.002 0.001 ± 0.002 
Ancho Canyon at State Road 4 1984 0.003 ± 0.003 0.008 ± 0.004 
Ancho Canyon at Rio Grande 1983 -0.003 ± 0.008 -0.001 ± 0.004 
Frijoles at Bandelier 1983 0.001 ± 0.000 0.0011 ± 0.000 
Frijoles at Rio Grande 1984 -0.002 ± 0.004 -0.003 ± 0.004 

Sediments in TA-49 

Station 1 1983 0.004 ± 0.002 0.125±0.016 
Station 2 1983 0.006 ± 0.002 0.356 ± 0.036 
Station 3 1983 0.086 ± 0.014 3.10 ± 0.240 
Station 4 1983 0.001 ± 0.002 0.004 ± 0.002 
Station 4A 1983 0.003 ± 0.002 0.009 ± 0.004 
Station 5 1983 0.002 ± 0.002 0.041 ±0.010 
Station 6 1983 0.000 ± 0.002 0.018 ± 0.006 
Station 7 1983 0.000 ± 0.000 0.000 ± 0.000 
Station 8 1983 0.005 ± 0.004 0.007 ± 0.004 
Station 9 1983 0.005 ± 0.004 0.071 ± 0.012 
Station 10 1983 0.003 ± 0.002 0.006 ± 0.004 
Station 11 1983 -0.005 ± 0.002 0.017 ± 0.006 

Station 1 1984 -0.001 ± 0.004 0.003 ± 0.005 
Station 2 1984 -0.001 ± 0.004 0.009 ± 0.005 
Station 3 1984 0.012 ± 0.006 0.535 ± 0.062 
Station 4 1984 -0.002 ± 0.036 0.007± 0.007 
Station 4A 1984 0.000 ± 0.001 0.078 ± 0.017 
Station 5 1984 0.001 ± 0.004 0.013 ± 0.007 
Station 6 1984 -0.001 ± 0.004 -0.002 ± 0.004 
Station 7 1984 0.002 ± 0.005 0.006 ± 0.006 
Station 8 1984 0.001 ± 0.005 0.027 ± 0.010 
Station 9 1984 -0.001 ± 0.003 0.001 ± 0.004 
Station 10 1984 -0.001 ± 0.003 -0.004 ± 0.002 
Station 11 1984 -0.004 ± 0.004 0.008 ± 0.009 

Regional Background 1989 0.006 0.006 
(sediments, maximum values) 

• 

• 

analysis. Negative results represent samples for which the net experimental count rate (sample rate -
(a) TA-49 data from Purtymun and Ahlquist (1986, 03-0013), ± values represent twice the uncertainty term for that. 

background) was less than zero. Background data are from Table G-32 of the 1989 ESG report (ESG 1990, 
0497). 
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4.9.1 Local Populations 

Section 2.5 of the IWP describes the population distribution within a 50-mile 
radius of the Laboratory. The IWP presents a table documenting population 
density at 9 distance intervals for 16 compass directions, based on 1989 
projections from 1980 census data. Newer data from the 1990 census gives the 
total number of residents within the 50-mile radius of the Laboratory as 213,000. 
The closest residents to T A-49 are about 2 km to the southeast in Bandelier 
National Monument (BNL). About 50 people normally reside at BNL. BNL 
operates a remote radio transmitter near the main gate to TA-49, but no other 
use (including hiking trails) is currently made (or is planned) of BNL property 
south of TA-49 to Frijoles Canyon. Most people at Bandelier are visitors who 
spend only a few hours at the Monument. Visitation to BNL in 1990 was about 
350,000 people. 

The next closest residents to TA-49 are located 6 km to the east in the 
residential area of White Rock, which includes the .developments of Pajarito 
Acres and La Senda. The town of Los Alamos lies approximately 7 km to the 
north. The 1990 census gives the population of White Rock as 6800 and of Los 
Alamos as 11,400. 

State Road 4 is a lightly used, publicly accessible road along the southern 
boundary of TA-49. According to the Laboratory's Engineering Division, yearly 
average traffic on this road in the vicinity of TA-49 is about 700 vehicles per 
day. The point of closest public contact to a TA-49 SWMU (Area 3) is about 
1500 ft . 

The Laboratory currently has no employees who spend full time at TA-49. 
However during normal working hours, there usually are some employees on 
site. The site receives occasional L!se by a small number of employees (typically 
10 or fewer) involved with high-power microwave and electrical grounding 
experiments, operation of the Bandelier Meteorology Station, Alternative 
Emergency Operations Center activities, and Hazardous Devices Team 
training. None of these activities are conducted in areas where significant 
contamination is expected. Laboratory service, environmental surveillance, and 
restoration personnel as well as other incidental visitors also are on-site on an 
occasional basis. 

The nearest Laboratory site with continuous use is the T A-15 Phermex facility 
about 1 mile north of MDA AB. According to the T A-15 operating group leader, 
Phermex currently has about six regular employees present during a normal 
working day. About 70 workers typically work at the rest of T A-15. 

4.9.2 Land Use 

Current uses of TA-49 are as a buffer zone for adjacent firing sites and for the 
limited purposes described in the preceding section. The possibility that the 
area encompassed by MDA AB and its immediate vicinity might revert to the 
general public is very unlikely under foreseeable circumstances. Other portions 
of T A-49 conceivably could revert to the National Park Service (BNM) or the US 
Forest Service (Santa Fe National Forest). In this case, possible exposure of 
recreational users would need to be considered by risk assessment before land 
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transfer or alternative use occur. Future residential use of T A-49 is specifically 
not considered a credible future land use scenario for the purposes of this OU 
work plan. 

Land use in and around the Laboratory is described in Section 2.5 of the IWP. 
The likelihood is high that future land use in the vicinity of TA-49 will not change 
significantly over the 100-yr period assumed for institutional control. Also, land 
use outside the Laboratory boundary and in the vicinity of TA-49 also are 
expected to remain stable for the indefinite future. No significant changes in 
land use at the adjoining portions of BNM or in White Rock are expected. Thus, 
site workers will continue to represent the maximally-exposed population at the 
TA-490U. 

4.9.3 Routes of Exposure and Pathway-specific Receptors 

For each contaminated TA-49 medium identified in Section 4.11, exposure 
routes for potential receptors are identified. As new data are obtained and 
assessed in the TA-49 RFI, the focus on particular exposure scenarios may 
need to be reconsidered. 

present, the most critical human populations exposed to TA-49 contaminants 
are on-site workers. In the case of contaminated surface soils. inhalation, 
dermal contact, and incidental ingestion are identified as the most likely human 
exposure scenarios that need to be considered. Less plausible exposure 
scenarios involve the ingestion of and dermal contact with contaminated water. 

Workers in adjacent T As, SNM visitors, State Road 4 travelers, and area 
residents are much less likely to be exposed to TA-49 contaminants than are 
on-site workers. Intruder scenarios are assumed to be unimportant in the near 
term at T A-49 because of existing controls at the site and the distance to pOints 
of public access. Likewise, the food chain scenario is assumed to be 
insignificant for T A-49 while institutional control is maintained. 

In the absence of Laboratory control, the exposed on-site human population is 
assumed to be connected with recreational use by SNL. In addition to the above 
scenarios, ingestion of contaminated soil and vegetation then becomes a 
potential exposure mechanism. Human intrusion scenarios (for example, 
deliberately or accidentally drilling into or excavating MDA AS) also would have 
to be considered if institutional control is lost. 

Exhumation and dispersal of contaminated soils by burrowing animals presently 
occurs at Area 2 of TA-49. and thus burrowing animals are known biological 
receptors. Uptake and dispersion of TA-49 soil contamination by plants also can 
occur at areas of TA-49 with known soil contamination. In addition, such 
biological activity potentially can lead to enhanced human exposure through 
direct contact, inhalation, or ingestion. 

No significant direct human exposure routes (other than those created by 
deliberate excavation of the wastes during remediation) over institutional time 
frames were identified for contaminants held in deeply buried waste units at TA-
49. Over longer time frames, surface water infiltration to groundwater and 
intrusive scenarios must be considered because of the magnitude of the source 
term in MDA AB. 
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4.10 Public Health and Environmental Impacts 

TA-49 SWMUs represent no imminent threat to human health or environment, 
according to an assessment of currently available data. This statement is 
supported by the low Hazard Ranking System (HRS) and modified HRS scores 
that were derived by DOE and EPA during CEARP Phase I when TA-49 was 
considered under the prioritization process specified by CERCLA and DOE 
Order 5484.1A (Purtymun and Stoker 1987,0204). The overall derived 
migration mode scores are 6.7 (based on beryllium) and 5.3 (based on 
plutonium). These values reflect relatively low potentials for contaminant 
migration and are far below the minimum cutoff score of 28.5 set for inclusion 
on the National Priority List (NPL). 

As part of the Laboratory's annual environmental surveillance activities, 
estimates are made of radiation exposures and consequent health risks 
presented by Laboratory operations to local populations. These estimates are 
based on known releases from operating facilities and on data collected at 
monitoring stations within and around the Laboratory. Locations of radiation 
monitoring stations at or near T A-49 are discussed earlier in Chapter 4. 
Although annual risk assessments prepared for the surveillance program are 
performed for the Laboratory as a whole, they are summarized here to provide 
a perspective on potential risks related to TA-49, which is a small part of the 
Laboratory. 

The environmental surveillance report for studies in 1989 (ESG 1990, 0497) 
indicates that the DOE Radiation Protection Standard (RPS), under which the 
Laboratory operates, limits incremental radiation doses (effective dose 
equivalent) from all Laboratory operations to 100 mrem/yr from all pathways. In 
addition, the air pathway exposure route is limited to 10 mrem/yr in accordance 
with EPA requirements. For comparison, the average background radiation 
exposure to individuals living in Los Alamos is approximately 336 mrem/yr from 
all sources. TA-49 radiation monitoring stations have never measured 
radioactivity levels more than 1 % of applicable DOE or EPA guidelines. 

The ESG report for environmental sU;'1eiliance during 1989 estimates that the 
maximum incremental risk of cancer from radiation to Los Alamos residents as 

a result of all 1989 Laboratory operations is about 1 x 10-8 (ESG 1990, 0497). 
Of that risk, the contribution from TA-49 is exceedingly small. 

New data relevant to T A-49 collected during the RFI will be used to further 
evaluate public health and environmental impacts for the near-and long-term 
time frames. It is anticipated that for all potential release sites except MDA AS 
and possibly Area 11, the RFI will show that contaminant levels are below 
action levels appropriate for unrestricted site use. . . 

4.11 TA-49 au Site Conceptual Model 

4.11.1 Development of the Conceptual Model 

In this section, a site conceptual model of potential contaminant release, 
transport, and routes of exposure for the TA-49 OU is summarized. The model 
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is based on present understanding of the T A-49 OU and considerations 
developed earlier in this work plan. The generalized model is presented 
diagramatically in Figure 4.11-1 and in summary form in Table 4.11-1. Figure 
4.11-2(a-d) summarizes conceptual models for the specific categories of 
SWMUs existing at TA-49, and Figure 4.11-3 shows a site conceptual model for 
the hydronuclear shafts at MDA AB. The relationships between contaminated 
media, pathways, and receptors are illustrated in Figures 4.11-4 and 4.11-5. 
Key elements in these models include the sources, release mechanisms, 
receptors, transport pathways, and resulting exposure scenarios for each 
pathway. These issues are developed in further detail in portions of Chapter 5 
and in Chapters 6 and 7 where individual SWMUs are described in detail and 
SWMU-specific field investigations are developed. 

The SWMU-specific field investigations outlined in Chapters 6 and 7 are based 
on the conceptual models. Data acquired from Phase I of the RFI will provide 
information needed first to assess current conditions at each SWMU, and 
thereafter, to refine the conceptual models. Phase I data then provides the 
basis for initial risk assessment, preliminary modeling of contaminant 
distribution and transport, and design of Phase II investigations (when required). 
and ultimately leads to corrective measures selection. It is expected that 
assessment of Phase I data for the TA-49 OU will allow the current SWMU list 
to be reduced to a smaller number that includes only those SWMUs froll) which 
contaminant release above action levels actually has occurred, or which have 
source terms with unacceptable potential for migration and consequent risk to 
human health and environment. The field investigations also will identify the 
magnitude of past contaminant transport along each pathway and will allow the 
relative importance of future transport to be evaluated. 

At present, the model for the T A-49 OU is conceptual and serves to focus the 
initial RFI investigation on contaminant sources and environmental factors that 
can influence transport. When the assessments discussed in the preceding 
paragraph have been made, the need for application of quantitative 
mathematical models to describe contaminant transport will be evaluated. 

Because MDA AB contains by the far the great preponderance of site 
contaminants, it forms the primary focus for the investigation. If data acquired in 
the initial phase of the RFI demonstrates that a different focus is appropriate, 
the conceptual model will be revised and investigations in subsequent phases 
will be planned accordingly. 

4.11.2 Elements of the Conceptual Model 

Key considerations in the TA-49 site conceptual model are summarized in the 
following paragraphs. These considerations are addressed for each SWMU in 
Chapters 6 and 7. 

Land use/time frame assumptions: Under current land use patterns in the 
vicinity of TA-49, no pathways or receptors are of significant concern over the 

• 

• 

100-yr time frame limit for institutional control specified by 40 CFR 191 and • 
DOE order 5820.2A. However, if land use patterns change in the future (for 
example, as a result of land transfer to Bandelier National Monument), or if 
dramatic climatic changes occur, long-term exposure pathways such as 
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Chapter 4 Environmental Setting and Conceptual Model 

TABLE 4.11-1 

SUMMARY OF TA-49 SITE CONCEPTUAL MODEL ELEMENTS 

Pathway/Mechanism 

Atmospheric Resuspension 

Surface Water Run-Off 

Soils/sediments 

Alluvial Aquifers 

T A-49 Operable Unit RFI Work Plan 4-54 

Concepts/Hypotheses 

• Entrainment is limited to contaminants in 
surface soils and sediments. 

• Entrainment and deposition are affected by soil 
properties. 

• Atmospheric conditions affecting entrainment, 
dispersal, and deposition include wind speed, 
direction, and stability. 

• Precipitation that does not infiltrate will become 
surface run-off, evaporate, or transpire. 

• Surface run-off is concentrated by natural 
topographic features or man-made diversions. 

• Local topographic lows can cause water to pond 
on the mesa top, but most surface water will 
flow into canyons. 

• Solutional contaminant transport by surface run
off can occur, but mass movement by 
suspended particles or local bed sediments will 
dominate. 

• At the present time, surface run-off is unlikely to 
carry contaminants above action levels beyond 
the TA-49 boundary or into major side canyons. 

• Surface soil erosion and sediment transport is a 
function of run-off intensity, vegetation, 
topography, and soil properties. 

• Contaminant movement will be retarded by 
sorption onto natural organics, clays, and other 
highly sorptive phases. 

• Contaminants dispersed on surface soils can be 
transported by run-off and concentrated in 
sedimentation areas of drainages. . 

• Erosion of drainage channels can extend back 
to the source area. 

• Ephemeral alluvial aquifers may exist in Water 
and Ancho Canyons but are unlikely to receive 
detectable contaminants from TA-49. 

• Surface run-off in canyons may infiltrate into 
sediments of channel alluvium. 

• Flow in alluvial aquifers under saturated 
conditions will be down-channel and can be 
represented by a porous medium continuum 
model. 

• Water in alluvial aquifers may enter the 
underlying tuff. The process will depend on the 
properties of the interface between the 
saturated alluvium and unsaturated tuff. 

May 1992 
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Environmental Setting and Conceptual Model 

• Vadose Zone Transport/Infiltration 

Saturated Flow 

• 

Vapor Transport 

Lateral Flow at Unit Contacts 

• Erosive Exposure/Soil Erosion 

T A-49 Operable Unit RFI Work Plan 

Chapter 4 

• Infiltration into surface soils depends on the rate 
of rainfall or snowmelt, antecedent soil water 
status, depth of soil, rate of transpiration, 
antecedent soil and tuff water content, and soil 
and tuff hydraulic properties. 

• Infiltration into the tuff depends on the 
unsaturated hydraulic properties of the tuff. 

• Joints and fractures in the tuff may provide 
additional pathways for infiltration to enter the 
subsurface regime . 

.• Unit contacts and unit characteristics (e.g. surge 
unit) can strongly affect lateral flow. 

• Movement of contaminants by liquids in the 
unsaturated zone would occur primarily by 
suspended solids. 

• Fractures may affect liquid transport. Their role 
is dependent upon soil water content. Above a 
critical water content, fractures are expected to 
facilitate flow and transport. Below the critical 
water content, only unsaturated flow is 
significant and rock matrix properties will 
dominate the hydraulic response. 

. • Significant saturated flow in tuff is unlikely to be 
a factor at TA-49. 

• Transient rather than steady state conditions 
may describe the hydraulic character of the near 
surface, but equilibrium conditions prevail at 
depths below about 20 ft. 

• Liquid flow in tuff under ambient conditions can 
be represented by a porous medium continuum 
model. 

• A non flowing condition exists below the 
influence of transient surface moisture effects. 

• Contaminant movement will be retarded by 
sorption onto natural organics, clays, and other 
sorptive media in the soils and tuff. 

• Vapor-phase processes are not important for 
any TA-49 contaminants; volatile T A-49 
contaminants are present only in very limited 
quantities. 

• Contrast in hydraulic properties between 
stratigraphie units may divert flow laterally, or 
cause a perched water zone to develop. 

• Laterally diverted flow may find surface 
expressions as springs or seeps. 

• Perched water zones may provide localized 
areas where saturated flow conditions occur. 

• The erosion of surface soils is dependent on 
soil properties and vegetative properties, slope 
and aspect, exposure to wind, and run-off 
intensity and frequency. 
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Chapter 4 

Mass Wasting 

Biological Transport 

Receptors 

Containment Release Mechanisms 

I 

T A-49 Operable Unit RFI Work Plan 

Environmental Setting and Conceptual Model 

• Erosion is controllable by natural and artificial • 
surface features. 

• Depositional areas as well as erosional areas 
are determined by the above factors. 

• The loss of rock from canyon walls is a 
discontinuous, observable process. 

• The present rate of mass wasting is too slow to 
be significant at T A-49, even on a very long time 
frame. 

• Burrowing animals (mainly pocket gophers) 
represent the primary biological dispersal 
mechanism for T A-49 contaminants. 

• Biologically exhumed material can be dispersed 
subsequently by surface water, aerial 
resuspension and vegetation. 

• On site workers represent the maximally 
exposed populations while institutional control is 
maintained. 

• Recreational users are assumed to represent 
the maximally exposed population if institutional 
control is lost. 

• Surface erosion (run-off and resuspension) and 
burrowing animals represent the most significant 
(low-risk) current release mechanisms. 

• Over very long time frames, infiltration and 
human intrusion scenarios must be considered . 

4-56 May 1992 
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Chapter 4 Environmental Setting and Conceptual Model 

NOTES: 

III 
W 

WI-

~S 
0::> 
m(J 
a:~ 
-Ir 
"'", 

lI. 

INHALAT10N 

dermal 

SUBSURFACE 
CONTAMINANTS 

* 

Ir 
W 

QI-

~~ 
(JQ 
IrZ 
w::> 
lI.O 

a: 
CI 

* Contaminants that become exposed to the surface follow the 
surface contaminant conceptua,l model. 

** Seeps, streams, and temporary water. 

LEGEND: 

ENVIRONMENTAL 
MEDIUM 

>- >-< '" ~ it 
:r .c 
l- e;; 
< Q. 

lI. >-
>- a; 
...I ~ W 
:.= '" ::i '" .!! 
w 
II: 
0 
:E 

Figure 4.11-4 Conceptual model of subsurface contaminant transport 
from the T A-49 OU to potential receptors. 
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Chapter 4 Environmental Setting and Conceptual Model 

infiltration or intrusion will need to be considered. 

Conditional Remedy/Corrective Measures: As discussed earlier in this work 
plan, it is probable that the conditional remedy of capping/stabilization, 
accompanied by corrective measures (as appropriate) over time, will be found 
to be the most appropriate remedial action for MDA AB. 

Erosional processes: Erosion of TA-49 near-surface units and consequent 
transport of precipitation by runoff is a potential low-exposure pathway. Thus, 
the nature, quantity, and distribution of surface and near-surface contamination 
needs to be characterized in Phase I of the RFI. In addition, the roles of 
precipitation run-off and soil erosion and the subsequent movement and fate of 
water and contaminants in the T A-49 environment needs to be investjgated. 
Aeolian processes represent another low-exposure pathway to be addressed, 
but they probably are of lesser significance than the surface water pathway. 
Canyon retreat processes are too slow and visually obvious to be of 
significance for contaminant transport even over very long time frames. 

Infiltration: In general, transport of contaminants through the unsaturated zone 
to groundwater probably is not a pathway of immediate concern at TA-49, 
based on the great depth to the main aquifer and extensive past site 
characterization efforts which indicate the lack of credible groundwater 
pathways. The magnitude of the source term and the uncertain source of water 
in Core Hole 2, however, requires that this general hypothesis be tested for 
MDA AB. Therefore, the significance of infiltration will be addressed during the 
RFI for MDA AB. Shallow infiltration also needs to be addressed for the 
leachfield at Area 11, where small liquid radioactive releases may have • 
occurred. Degraded caps, boreholes, and fracture systems represent potential 
transport pathways of buried contaminants by infiltration of surface water, over 
long time frames. These issues also will be addressed at MDA AB during the 
TA-49 RFI. 

Biological activity: The exhumation of contaminated soil by burrowing animals 
currently occurs at Area 2 of T A-49. This creates a pathway for contaminant 
dispersal by surface runoff and infiltration, as well as through uptake and 
dispersal by animals and vegetation. The environmental significance of this 
activity will be addressed during the TA-49 RFI. 

Human intrusion: Accidental or deliberate human intrusion into surface and 
subsurface units represents an exposure scenario of low near-term probability 
but potentially high consequence at MDA AB because of the large, long-lived 
source term. Intrusive scenarios have increased significance over very long 
time frames, when the potential hazard of the buried TRU waste remains high 
but institutional control cannot necessarily be ensured. Assessment of this 
scenario for buried radioactive waste is an issue that is being considered by 
DOE on a national basis (e.g., see Hora 1991, 0642). However, this scenario 
does not necessarily affect the remedial decision most likely to be selected (Le., 
conditional remedy) for MDA AB for the assumed period of institutional control 
(100yr). 

Food chain: The food chain pathway is not considered a credible pathway for 
the TA-49 OU because long-term institutional control is assumed for all SWMUs 
expected to have significant source terms (I.e., MDA AB and Area 11). 
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Receptors: The maximally exposed human receptors are onsite employees and 
visitors. Other receptors are unlikely to be important while institutional control is 
maintained. 

4.11.3 Conceptual Model Refinement 

Additional site characterization data will enable further refinement of the 
conceptual model by providing data that tests hypotheses in the current model. 
Data obtained during the TA-49 RFI as well as new results from other OUs, the 
ER program's Framework Studies, and the Laboratory's Environmental 
Surveillance Group will be integrated into updated models. 

Properly refining the site conceptual model is an integral part of building an 
accurate picture of the site processes and pathways important to contaminant 
migration. As appropriate, mathematical models will be derived from the 
conceptual model to guide later data collection, hypothesis testing, risk 
assessments, and design of the CMS. 

4.12 Summary of General Data Needs 

Table 4.12-1 summarizes the overall data needs for the TA-49 OU as generated 
from discussions of available information earlier in Chapter 4. While this list may 
appear to be long, not all of these data are needed for each T A·49 SWMU and 
the level of detail required is not necessarily great. SWMU - specific data needs 
are summarized in Table 4.12-2 and the field sampling plans in Chapters 6 and 
7 explic1tly describe the plan for obtaining the required data . 
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Chapter 4 Environmental Setting and Conceptual Model 

TABLE 4.12-1 • 

SUMMARY OF GENERAL DATA NEEDS FOR THE T A-49 OU RFI. 

Site Hydrology 

1. Characterize stratigraphic properties related 
to potential contaminant transport pathways at 
MDAAB 

2. Determine site physical, mineralogic, and 
hydrologic properties important to unsaturated 
transport 

3. Characterize role of jOints and fractures as 
barriers or pathways for contaminant 
migration 

Site Morphology 

1. Identify surface geology, unit contact 
expressions, and paleoerosional surfaces 

2. Characterize drainage morphology at MDA 
AB 

3. Characterize fault zones under MDA AB and 
their potential impact on contaminant 
transport 

4. Determine rate of erosion 

TA49 Operable Unit RFI Work Plan 

Data 

• Locations for subsurface characterization 
• Borehole cores and lithologic logs to confirm 

depths and nature of rock unit contacts 

• Physical, hydrologic, chemical, and mineralogic 
analysis of soils, tuff, and fill material in 
fractures and joints 

• Downhole borehole logs to identify changes in 
moisture, density, and mineralogy with depth 

• Downhole video and direct observation of 
subsurface fractures, jOints, and unit contacts 

• Retardation factors for indicator contaminants 
with TA-49 tuff and soil 

• Isotope dating of water extracted from core 
holes and tuff 

• Moisture content and flux in bulk tuff, soils, and 
fill materials 

• Maps of fracture patterns from cores, boreholes, 
open shafts, and surface exposures 

• Hydrogeochemical characterization of filling 
materials 

• Characterization of impermeable zones and 
areas with elevated moisture 

• Geologic map of T A-49 OU from exposed units 
in Ancho and Water Canyons and borehole data 

• Map of erosional and depositional areas and 
drainage pathways 

• T A-49 fault map from field examination, 
seismology, and boreholes 

• Dates, frequency, and volumes of surface 
erosion and mass wasting events 
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Contaminant Sources 

1. Identify contaminants at each SWMU 

2. Quantify contaminants at each SWMU. 

3. Determine aU-wide background levels in soil, 
tuff, and groundwater 

Contaminant Migration 

1. Identify any migration of contaminants at each 
SWMU 

Baseline Risk Assessment 

1. Identify potential receptors for each pathway 

2. Determine contaminant fate and transport 

3. Assess contaminant levels against action 
levels and other guides 

4. Assess exposure threat to human health for 
the no further action remedial alternative 

Potential Remedial Alternatives 

1. Assess potential remedial measures 

T A-49 Operable Unit RFI Work Plan 

• Verify contaminants at release pOints 

• Field and laboratory analyses for chemical and 
radiological contaminants 

• Media background levels for T A·49 contaminants 

• Sample analyses along preferential migration 
paths 

• Field screening and surveys to guide field work 
(verified by laboratory measurements) 

• Mobile contaminant identification 

• Exposure points for each major pathway and 
human access probabilities 

• Future land use scenarios 

• Physicochemical data on processes associated 
with site contaminants, as outlined above 

• Action levels or other applicable guides for site 
contaminants 

• Summary of reference doses and slope factors for 
site contaminants 

• Data and analysis regarding effectiveness of each 
reasonable remedial alternative 

• Identification of pathways to be blocked, exposure 
scenarios, and land use scenarios 

• Evaluation of ease of implementation, long term 
effectiveness, and cost 
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5.0 ASSESSMENT AND REMEDIATION CONSIDERATIONS 

This chapter contains a discussion of assessment and remediation 
considerations pertinent to the development of the TA~49 OU work plan. 
Sections of Chapter 5 are listed below. 

• 5.1 Action, Background, and Screening Levels 

• 5.2 Applicable, Relevant. and Appropriate Regulations 

• 5.3 Buried TRU Considerations 

• 5.4 Potential Remedial Actions 

• 5.5 Technical Approach 

• 5.6 Decision Process 

• 5.7 Data Quality Objectives Process 

• 5.8 Field and Analytical Data Quality Requirements 

The information described under these categories, combined with the 
environmental setting and conceptual model discussed in Chapter 4, lead 
directly to the SWMU-specific field characterization plans in Chapters 6 and 7 
and the recommendations for no further action (NFA) in Chapter 8 . 

5.1 Action, Background, and Screening Levels 

5.1.1 Definitions 

Action levels are decision criteria used to determine whether further action is 
required at known release sites. The philosophy underlying the application of 
action levels is described in proposed Subpart S and in Section 3.5 of the IWP. 
For areas where action levels are exceeded, a Corrective Measures Study 
(CMS) may be required, but remedial action may not always be necessary. For 
example, this may be true for MDA AB, where long~term institutional control 
probably will be required for, regardless of other corrective measures which 
might ultimately be applied. 

In this OU work plan, screening levels are preset analytical survey levels, at or 
below the most conservative action levels which are likely to be set for T A-49 
SWMUs, which are used to survey surface areas and to screen discrete 
samples for radioactivity levels. For the T A-49 OU, a screening level of 10 pCi/g 
is proposed (see ensuing discussion). 

Background levels are the levels of contaminant elements or compounds that 
are expected to occur naturally (or at fallout levels, in the case of some 
radionuclides) in site media. 
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Values for background levels and action levels, which either are listed in • 
Appendix F of the IWP or have been used in cleanup activities at other 
installations, for TA-49 indicator contaminants are discussed in the following 
sections and are summarized In Table 5.1-1. Table 5.1-1 also lists detection 
limits for the survey and analytical methods proposed for use in the T A-49 RFI. 

5.1.2 Indicator Contaminants 

Past site activities involving hazardous and radioactive materials at T A-49 were 
limited almost exclusively to well·documented hydronuclear and related 
experiments during the 1959 to 1961 time frame, and significant contaminants 
are believed to be limited to a small set. As discussed in Chapters 4, 6, and 7, 
there is a high probability that minor contaminants that also might be present 
will be associated with the limited set of primary contaminants. These 
circumstances make it appropriate to select a set of indicator contaminants that 
can be used to limit the number of analyses required to characterize the nature 
and extent of contamination at T A-49 SWMUs. The primary analytical indicators 
for T A-49 contamination are the following: 

• 

• 

• 
• 
• 

5.1.3 

alpha spectrometry (isotopic plutonium analysis, which yields 
plutonium-238, plutonium-239/240, and americium-241 levels); 

gamma spectrometry (which yields gross gamma radioactivity, 
americium-241, and cesium-137 levels); 

total uranium; 

gross alphafbeta radioactivity; and 

RCRA regulated metals (which notably includes beryllium and 
lead). For specific SWMUs discussed in Chapters 6 and 7, it 
may be appropriate to expand or contract this list (e.g., SVQCs, 
PCBs, and isotopic uranium might be added). 

Action Levels 

Table 5.1·1 lists background and action levels for indicator contaminants for TA· 
49 soils, sediments, and shaft backfill materials (the dominant contaminated 
medium at TA-49). Action levels for lead, beryllium, and semivolatile organic 
compounds (SVQCs) are taken from Appendix F of the IWP, which lists Subpart 
S action levels for soil, water and air as derived from the Safe Drinking Water 
Act and from' health-risk-based criteria. These action levels are applicable to 
extremely conservative exposure scenarios such as residential use, which are 
much more conservative than required for scenarios assumed for the TA-49 
QU. Thus, there is the likelihood that baseline risk assessment following the TA-
49 RFI will show that acceptable contaminant concentrations at the T A-49 QU 
may be significantly higher than these levels. Radiological levels which can 
trigger Phase II investigations currently are being developed by the Laboratory 

• 

ER program's Risk Assessment technical team and will be available in SUfficient • 
time for analysis of Phase I data from the T A-49 RFI. 
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TABLE 5.1-1 

ACTION LEVELS, BACKGROUND LEVELS, ANALYTICAL METHODS, 
AND DETECTION LIMITS FOR TA-49 OU INDICATOR CONTAMINANTS 

Indicator Soil Action 

Contaminant Level 

Be 400 Ilg/ga 

Pb 500 Ilg/gb 

Total U 35 pCi/gC 

Cs-137 80 pCi/gd 

Am-241 9 

Gross gamma 9 

Pu-238 9 

Pu-239 9 

Gross alpha 9 

Gross beta 9 

a) From Appendix F, Table F-3 of the IWP. 

Soil 

Background 

Levele 

1.91lg/g 

24 flg/9 

5.4 pCi/g 

0.88 pCi/g 

10 pCi/g 

0.003 pCi/g 

0.019 pCi/g 

Minimum 

Detection 

Sediment Limitf Method 

0.31lglL SW8466010 

421lglL SW8466010 

4.6 pCi/g 0.7 pCi/g ICP/MS or delayed 
neutron counting 

0.28 pCi/g 0.1 pCi/g Gamma 
spectrometry 

0.002 pCi/g Alpha spectrometry 

2.6 pCi/g 0.1-2 pCi/g Gamma 
spectrometry 

0.006 pCi/g 0.01 pCi/g Alpha spectrometry 

0.006 pCi/g 0.01 pCi/g Alpha spectrometry 

4-10 pCi/g Gas-flow propor-
tional counter 

5-12 pCi/g Gas-flow propor-
tional counter 

b) As per EPA guidance (Draft Technical Support Document on Lead, ECAa-CIN-757, September 1990), an action level of 500· 
mglkg for lead in soil may no longer be applicable and a site-specific evaluation may be required. 

c) See Subsection 5.1.3 of this au work plan. A level of 35 pCi/g corresponds to about 50 ppm for natural uranium. 
d) From EPA 1977 (0661). 
e) Soil and sediment background levels for radionuclides are taken from Table G·32 of the report on the 1989 ESG surveillance 

program (ESG 1990, 0497). The values given are maximum observed values. Lead and beryllium background values are taken 
from Ferenbaugh et al. (1990,0099). 

f) Detection limits and methods are as specified in the Generic QA Project Plan, and in Annex II and Appendix C, of this au work 
plan. 

g) TRU actions levels proposed for unrestricted (residential) site use have ranged from 17 to 100 pCi/g. See Subsection 5.1.3 of this 
au work plan . 
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Except for those cases where action levels are listed in Appendix F of the • 
IWP, this au work plan makes no attempt to suggest action levels. 
Instead, action levels for TA-49 indicator contaminants which actually have 
been used for cleanup efforts at other installations, or which otherwise have 
been proposed, are noted. These levels are then used to establish reasonable 
screening levels for the T A-49 RFI which are appropriate for credible exposure 
scenarios at the OU. The screening levels also may be useful in the process of 
establishing criteria (including action levels) for deciding whether to terminate 
the RFI/CMS process, conduct Phase II sampling, or move directly to a CMS. 

A surface soil action level for total uranium of 35 pCi/g (approximately 50 ppm 
for natural uranium) has been adopted as appropriate for unrestricted site use 
at numerous sites throughout the United States (NRC 1981, 0717). This soil 
level was developed from the Nuclear Regulatory Commission (NRC) Branch 
Technical Position on uranium mill tailings sites and similar action levels for 
uranium have been developed by DOE for its Formerly Utilized Sites Remedial 
Action Program (DOE 1987, 0723 and DOE 1987, 0728). 

A surface soil action level of about 17 pCi/g for the sum of all TRU constituents 
was proposed (but not finalized) by EPA in 1977 for unrestricted (i.e., 
residential) site use (EPA 1977, 0661). Recently issued guidance from EPA 

implies a soil action level for plutonium-239 of about 39 pCi/g for 10-5 lifetime 
risk for residential use (EPA 1991, 0658). Both of these action levels probably 
are overly conservative for foreseeable exposure scenarios at T A-49. Indeed, 
higher values have been proposed or actually used in TRU site cleanups 
(Healy 1977,0654; Healy et al. 1979, 0727; EPA 1990, 0694). For example, for • 
cleanup of Enewetok Island, a TRU action level of 35 pCi/g was used for a 
residential use scenario and substantially higher values were used for 
agricultural and recreational use. 

Based on available information, the RFI is very likely to show that 
contamination at some T A-49 SWMUs is very localized and discontinuous. 
Therefore, the proposed field investigation will evaluate the spatial 
heterogeneity and nature of hot spots. The maximum geographical areas 
("exposure areas") and contaminant concentrations for which it is appropriate to 
average hot spots may be specified as part of risk assessment following the 
RFI. For example, for Area 1 an exposure area might be proposed as 125 ft x . 
125 ft because this covers the hydronuclear shafts in Areas 1-4. A maximum 
TRU concentration of ten times the action level set by risk assessment might be 
proposed as an appropriate maximum concentration for an individual sample 
that can be used for area averaging. However, because such decisions are not 
essential to the purposes of the RFI, setting of these parameters is deferred to 
subsequent risk assessment activities. 

5.1.4 Screening Levels 

Screening and survey techniques for radioactive constituents in soils and 
subsurface samples will be used heavily during the TA-49 RFI. Appendix F of 
this OU work plan describes hand held and tripod-mounted survey instruments 
and the vehicle-based spectrometry systems which will be used for radiological • 
surveys. These systems detect gamma and low-energy x-ray emissions 
characteristic of TRU, fission products, and uranium over the energy range 
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10 KeV to 2.0 MeV. A value of 10 pCi/g over the surveyed area is chosen for 
the radioactivity screening level for surface soils. This value is below the most 
conservative action levels that are likely to be set for the T A-49 OU, and are 
well above background levels and detection limits of the radiological survey 
instrumentation (see Table 5.1-1 and Appendix F). The radioactivity screening 
level will be used as a criterion for sampling hot spots and for guiding other 
aspects of the field investigation. 

5.2 Applicable, Relevant, and Appropriate Regulations 

Module VIII of the HSWA Permit establishes Corrective Action Requirements 
(CARs). Task IV, Investigative Analysis, specifies that the permittee must 
identify all relevant and applicable standards for protection of human health and 
the environment. Task VI, Identification and Development of the Corrective 
Action Alternative or Alternatives, further specifies that based on the results of 
the RFI, the permittee must identify, screen, and develop the alternatives for 
removal, containment, treatment, and/or remediation of contamination based on 
objectives established for corrective action. Cleanup requirements can be 
divided into three categories: 

• 

• 

Contaminant-specific requirements which address specific 
contaminants; 

Location-specific requirements which are based on a specific 
site setting; and 

• Action-specific requirements associated with specific response 
actions. 

In the absence of more information about contaminant types and concentrations 
at the SWMUs being investigated in this OU work plan, the identification of 
CARs at this time would be premature. The full tabulation of location-specific, 
contaminant-specific, and action-specific requirements will be provided in future 
technical reports as adequate SWMU information is obtained through the RFI 
process. 

5.3 Buried TRU Considerations 

The current definition of transuranic waste (TRU) can be found in 40 CFR 191 
(EPA), DOE Order 5820.2A, and 10 CFR 61 (NRC). At present, TRU is defined 
as wastes with greater than 100 nCi/g of long-lived alpha emitters (half-life 
greater than 5 yrs). However, isotopes not strictly meeting this definition, such 
as the beta-emitter plutonium-241, sometimes are considered TRU 
components. 

Potential response actions, exposure routes and receptors for potential 
contaminant transport pathways are discussed for MDA AB in Sections 4.8-4.11 
of this OU work plan, the conditional remedy of long-term institutional control 
accompanied by site stabilization, monitoring, and maintenance is identified as 
the likely remedial alternative for MDA AB . 
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Therefore, the focus of the field investigation of MDA AB is related to an • 
evaluation of site hydrogeochemical factors related to modeling long-term 
migration potential, and not on source term characterization. 

5.3.1 Buried TRU Management 

Areas 1, 2, 2A, 2B, 3, and 4 were created during the underground hydronuclear 
and related experiments from late 19S9 to mid 1961 and contain the vast 
majority of contaminants at T A-49. By 1971, these areas had been designated 
collectively as a buried TRU disposal area (MDA V). In 1986, the designation 
was changed to MDA AB and the site was listed as a RCRA hazardous waste 
site. 

Table 5.3-1 lists the major radionuclides contained in the MDA AB shafts as a 
function of time. It can be seen that (except for the beta-emitter plutonium-241 
and it's daughter americium-241) the radioactive content of MDA AB is almost 
unchanged in the 30 yrs since the radionuclides were introduced to the site. 

Currently, MDA AB is managed pursuant to the requirements of DOE Order 
S820.2A on Radioactive Waste Management (DOE 1988, 0074). This order 
defines "Buried Transuranic Waste" and specifies characterization, monitoring, 
and closure requirements applicable to MDA AB. Order S820.2A references the 
"Comprehensive Implementation Plan for the DOE Defense Buried TRU
Contaminated Waste Program" (DOE 1987, 0723). These two documents cite 
the following three basic site-closure strategies that could be used singly or in • 
combination, depending upon site-specific and regulatory requirements: 

(a) leave waste in place with enhanced monitoring; 

(b) leave waste in place, use enhanced confinement or in situ 
immobilization techniques, and provide enhanced monitoring; 
and 

(c) retrieve, process, and dispose of the TRU at the Waste 
Isolation Pilot Plant. 

Strategies (a) and (c) are consistent with the conditional remedy/corrective 
measures approach described earlier in this OU work plan. 

According to the DOE buried waste implementation plan, the costs of strategies 
(a) and (b) are comparable, but altemative (c) is more expensive by a factor of 
7. Because of the high costs and risks involved with option (c), this course of 
action is likely to be viable only if the potential for waste migration is found to be 
Significant. 

In risk scenarios addressed in DOE Order S820.2A, three premises are 
assumed explicitly in the analysis of potential remedial actions. These premises 
also are assumed in the T A-49 RFI work plan. First, it is assumed that DOE will 
maintain institutional control over the buried TRU waste site for 100 yr beyond 
1985. Second, the basic time period for long-term analysis is set at 1000 yr 
beyond 1985 because EPA and Nuclear Regulatory Commission (NRC) 
guidelines specify 1000 yr as a reasonable time for projected calculations. • 
Third, it is assumed that the entire current TRU waste source (>99%) must be 
removed if the waste removal and closure option were exercised. 
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TABLE 5.3-1 

INVENTORY OF MAJOR RAOIONUCLIOES AT MOA AB AS A FUNCTION OF TIME 
(Areas 1, 2, 2A, 2B, 3, and 4) 

Activity (Ci) 

Initial Half-Ufea t=o t=30 t=100 t=1000 t=10,000 
Radionuclide Mass(kg) (yr) Ci/g 1960 1990 2060 2960 11960 

Pu-239 37.7 24100 0.063 2380 . 2380 2370 2310 1780 
Pu-240 2.22 6563 0.230 511 509 505 460 178 
Pu-241 0.20 14.4 104 20800 4910 166 <10-20 -0-

Total Pu 40.1 23700 7790 3040 2770 1960 

Am-241 b -0- 433 3.47 -0- 515 607 145 <10-4 

U-235 93 7.04 x 108 2.19 x 10-6 0.204 
U-238 169 4.47 x 109 3.37 x 10-7 0.057 

Total U 262 3.37 0.26 

aTaken from "Chemistry of the Actinide Elements", Katz, J.J., Seaborg, G.T., and Morss, L.R. (Eds.), Chapman and Hall, New York (1986) 

bOaughter of Pu-241. Maximum Am-241 activity at about the year 2030. 

The plutonium isotopic composition used in the calculations was, (wt. %): Pu-239 (93.97), Pu-240 (5.53), Pu-241 (0.500). 
[The range of isotopic composition was: Pu-239 (93.5 - 94.2%); Pu-240 (5.30 - 6.05%); Pu-241 (0.458 - 0.563%)]. 
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The choice of time domain crucially impacts the RFIICMS for waste sites such • 
as MDA AB because of the uncertainties introduced into risk assessment 
scenarios by the long half-lives of TRU radioisotopes. In the TA-49 work plan. 
the 100-yr institutional time frame in the context of the conditional 
remedy/corrective measures approach is used to develop the RFI, but long-term 
uncertainties with this approach are pointed out. As mentioned earlier in the TA-
49 work plan, the Laboratory's Long-Range Site Development Plan assumes 
that the present institt'tirmal U~P "''1d (:I')ntr::-' ,-f ...,.. t." hq cor':·- :cj for tf- . 

indefinite fut .. ~" 

5.3.2 MOA Surveillance Program 

In 1979, the DOE issued interim operational criteria for radioactive waste areas 
owned or operated by DOE and its contractors, In response, the Laboratory 
prepared an interim environmental surveillance plan for radioactive waste areas 
(Hansen et al. 1980, 0716). Because of classification difficulties, the plan 
originally did not include MDA AB, but subsequently this area was added to the 
list of disposal areas covered by the surveillance program. This program 
consists of abbreviated surveys of each buried waste area on an annual basis 
and a more comprehensive study of each area approximately every 5 yr. 

Ge.neral objectives and sampling strategies for the Laboratory's buried waste 
areas are given in the interim surveillance plan. Although this plan calls for 
subsurface sampling as appropriate during the more intensive studies, thus far 
sampling at MDA AB has been limited to surface soils and sediments, • 
vegetation, deep groundwater, and surface runoff on an opportunistic basis. A 
study in 1987, referred to as the "A411 survey," is the only intensive study of 
this type that has been carried out at TA-49. MDA AB is scheduled again for 
intensive study under this program in FY93 or FY94. It is intended that the RFI 
workplan also will serve the purposes of this surveillance program. 

The results of the 1987 A411 survey study are cited extensively in this OU work 
plan. The analyses were carried out by essentially the same methods and 
analytical quality levels as proposed in this OU work plan, i.e. analytical data 
quality of Level III was obtained. Detection limits for the A411 survey therefore 
are approximately those cited in Table 5.1-1. 

5.3.3 TRU and LLW Waste Volumes in MOA AB 

Under the Defense Buried Transuranic Waste Management Program and 40 
CFR 191, wastes resulting from defense programs with TAU concentrations 
greater than 100 nCi/g require special consideration. A significant portion of the 
contaminated backfill material and tuff near the bottoms of the MDA AB 
experimental holes may be presumed to have concentrations of plutonium 
exceeding this criterion. A crude estimate of the maximum volume of material 
meeting or exceeding the TRU criterion can be calculated by assuming that the 
alpha contamination is distributed uniformly through a spherical volume of about 

100 m3 (diameter 5 to 6 m) at the bottom of each of the 44 experimental holes 

containing SNM, for a total volume of about 4400 m3 (Purtymun and Stoker • 
1987, 0204). With these assumptions, the TRU contamination would be 
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distributed throughout the 4400 m3 volume . 

By using an average density of about 1.5 g/cm 3 for tuff, an average 
concentration of about 400 nCilg then can be estimated for the dominant TRU 
contaminant (plutonium-239). 

A similar crude estimate of the total volume of contaminated material that might 
have to be removed to obtain all the TRU and low-level waste also can be made 
(Purtymun and Stoker 1987, 0204). Assuming uniform distribution of the 
plutonium throughout rectangular solids having a thickness of 5 m and the area 
encompassed by the experimental holes, the estimated volume is about 

36,000 m3 , with an average concentration of about 50 nCi/g of plutonium-239. 

5.4 Potential Remedial Actions 

5.4.1 General 

In the observational approach, an attempt is made to identify the most likely 
remedial actions ultimately to be carried out at the OU, given the current state of 
understanding of the release sites, so the RFIICMS can be focussed as tightly 
as possible. In this section, potential response actions for TA-49 SWMUs are 
discussed. Tables 5.4·1 and 5.4·2 summarize reasonable remedial measures 
that can be hypothesized for TA-49 SWMUs, based on current information and 
hypotheses. Testing the validity of these hypotheses is a key focus of the TA·49 
RFI. The final selection of remedies will be based on risk assessment, using 
data gained from the AFI/CMS process. 

For some TA-49 SWMUs, it is quite likely that cumulative releases above action 
levels, currently set or above the most conservative levels likely to be proposed. 
will not be found in the AFI, in which case no further action will be proposed. 
For other SWMUs, only minor remedial action. such as selective removal of 
surface debris and surface soils, backfill of the open Area .10 shaft. and 
revegetation is likely to be required. For Area 11 and MDA AB, more extensive 
actions may be required as described below. 

Limited voluntary corrective action (VCA) to selectively remove near-surface 
contaminated piping and other debris is proposed in Phase 1 to facilitate site 
characterization and to eliminate easily-removed future source terms. Other 
highly localized contamination sources such as soil hot spots and lead bricks 
which might be found also will be removed in Phase I, if feasible. As discussed 
in Chapter 3, VCAs are highly limited by the Laboratory's present waste 
disposal capacity. 

5.4.2 Potential Remedial Actions for Area 11 

For Area 11, only the radiochemical leachfield is likely to be of environmental 
concern. Phase I sampling of the leachfield area is designed primarily to 
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SWMU No.* 

49-005 (a) 
49-OO5(b) 
49-006 
49-007 (a) 
49-007(b) 
49-OO8(b) 
49-009 

49-002 

49..()()4 

49-008(a) 

49-Q08(d) 

TABLE 5.4-1. 

MOST PROBABLE REMEDIAL MEASURES FOR T A-49 SWMUS, OTHER THAN AREA 11 
AND MDA AB, BASED ON CURRENT INFORMATION AND HYPOTHESES. 

Location 

E. of Area 10 
Area 5 
Area 5 
Area 6 
HDT Area 
Area 6 
nonexistent 

Area 10 

Area 6 

Area 5 

Area 12 

(No Further Action is Designated by NFA) 

Description 

small landfill 
small landfill 
sumps 
septic system 
septic systems 
soil 
underground tank 

experimental 
chamber 

open burning! 
landfill area 

soil 

soil 

Probable remedial action 

NFA 
NFA 
NFA 
NFA 
NFA 
NFA 
NFA(proposed) 

removal of surface 
debris; revegetation, 
and backfill of shaft 

revegetation 

removal of surface 
debris; selective 
soil removal; 
revegetation 

removal of surface 
structures and debris; 
revegetation 
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SWMU No.* 

49-001 (e) 

49-001 (misc) 

49-008(c) 

49-003 

49-001 
(a, d, f) 

49-001 (b,c) 

49-001 (g) 

TABLE 5.4-2 

MOST PROBABLE REMEDIAL ACTIONS FOR AREA 11 AND MDA AB, 
BASED ON CURRENT INFORMATION 

(No further action is designated by NFA) 

Location Description Probable Remedial Action 

Area 3 Backfilled NFA 
shafts and 
soils 

MDAAB Miscellaneous NFA - included in other 
MDAABSWMUs 

Area 11 Soil Removal of surface debris; 
selective soil removal; 
revegetation 

Area 11 Leachfield Removal of near-
surface pipes; select-
ive soil removal; 
installation of sedi-
ment trap 

Areas 1, Backfilled Removal of surface 
2B,4 shafts and and near-surface 

soils debris; selective 
soil removal; capping; 
long-term monitoring 
and institutional 
control 

Areas 2, 2A Backfilled Selective soil removal; 
shafts and measures to discourage 
soils .burrowing animals; 

capping; long-term 
monitoring and insti-
tutional control 

Area 2 Soils Selective soil removal; 
revegetation; installation 
of sediment trap 
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determine the extent of contamination so that reasonable remedial actions can 
be evaluated during the CMS (if required). It is highly probable that Area 11 will 
be managed with MDA AB, for which a conditional remedy is likely. 

Excavation and disposal of the leachfield is an option which the TA-49 au work 
plan addresses in the field characterization plan. Assuming that the leachfield 
contamination is restricted to an area of about 50 ft x 30 ft and a depth of about 

5 ft, that the waste fits the LLW criteria, and that a cost of about $300/yd3 will be 
incurred for disposal at a Laboratory waste disposal site, excavation costs of 
about $100K would be incurred. These estimates do not, of course, include 
sampling costs to determine the boundaries of the plume, characterize the 
waste, and verify the efficiency of waste removaL 

Implacement of a down-gradient sediment trap to capture slightly contaminated 
sediments transported by runoff from Area 11 will be considered as a VCA 
during Phase II of the AFI or during the CMS. 

5.4.3 Potential Remedial Actions for MDA AB 

Voluntary corrective actions will be carried out as appropriate, as discussed in 
Section 2.10 of this au work plan. 

5.4.3.1 Long-Term Institutional Control 

For the buried TAU waste at MDA AB, the preferred remedial action most likely 
to be identified by the AFIICMS is the conditional remedy of long-term 
institutional control accompanied by site stabilization, monitoring and 
maintenance, and additional corrective action as required. This hypotheSis 
assumes that the AFI will confirm that infiltration is not a credible pathway for 
transporting contaminants from MDA AB. 

Potential site stabilization methods include capping with a vegetative cover to 
control erosion, infiltration. An engineered subsurface (e.g., a rock cobble layer) 
to reduce vulnerability to burrowing animals would be a logical component of 
the barrier. 

Aemoval of the asphalt pad and the contaminated fill covering Area 2 prior to 
capping also is a remedial possibility, as described in the following subsection. 
Based on the AFt, it is possible that construction of a sediment trap 
downgradient from Area 2 will be considered to limit transport of contaminated 
sediments toward Water Canyon and Ancho Canyon. 

5.4.3.2 Excavation and Removal 

Selective removal of contaminated soil and near-surface debris at MDA AB is 
likely to be required and may.be carried out as VCAs during tile AFI/CMS. 

• 

• 

In principle, excavation and removal of the deeply buried wastes in MDA AB • 
could be carried out. However, as described in this section, associated with this 
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remedial option are profound technical, risk, and financial implications such that 
this option is reasonable only if significant potential for waste migration is 
discovered. 

DOE estimated in 1987 that excavation of the buried waste at MDA AB, 
separation of the TRU and LLW components, on-site burial of the LLW and 
shipment of the TRU to an off-site facility would cost about 1 billion dollars 

(DOE 1987, 0723). The estimate assumed a burial volume of 36,000 m3 within 
1.8 acres. This option, therefore, is an extremely costly one, the expense of 
which would strongly impact the funding available for other remedial actions at 
the Laboratory. The value of the TRU would be negligible compared to the cost 
of separation from other subsurface materials. 

Excavation also incurs a significant risk of generating substantial hazards for 
on-site personnel and off-site populations. For example, remedial workers 
would bear the risk posed by the physical hazards of deep excavation work of 
the type which would be required. This risk would be aggravated further by 
significant waste recovery difficulties caused by the large volumes of structural 
metal and other debris present in the shafts. In addition, by its nature 
excavation would greatly disturb the stability of the site and tremendously 
increase the possibility for generating radioactive airborne contamination 
releases both on and off site. Disruption of the native soil cover also would 
strongly affect its ability to impede infiltration. 

Other practical issues would attend the excavation and removal option for MDA 
AB. For example, it is unlikely that retrieval of >99% of the TRU contaminants, 
as specified by DOE Order 5820.2A, could be ensured by using current 
technology without removing a huge volume of tuff. Removal of such volumes 
would cause environmental disruption of a significant portion of T A-49 that 
currently is not affected by existing wastes. Further, because much or all of the 
retrieved waste would likely fit the criteria for mixed hazardous/radioactive 
waste (that is, both radioactive and hazardous components are present), the 
waste could not be disposed of until the Laboratory's mixed waste treatment 
and disposal facility is completed (1996 at the earliest). 

Also of significance is the impracticality of shipping the separated TRU fraction 
off-site under foreseeable schedules. Currently, the Laboratory plans to ship 
certified LANL TRU wastes to the Waste Isolation Pilot Plant (WIPP) at a rate of 

about 120 shipments per year, with a restriction of 5.7 m3 of waste per 
shipment (Drypolcher 1992, 03-0032). These Laboratory TRU waste restrictions 
apply to newly generated operational waste and stored wastes from past 
operations as well as to wastes recovered during environmental restoration 
activities. At least 700 to 800 truckloads would be required to handle TAU 
wastes from MDA AB alone, assuming the waste volumes calculated earlier in 
this section. Such volume restrictions apply whether these shipments are made 
to WIPP or to another TRU disposal or storage facility. In addition, the 
shipments probably would go through Santa Fe and other populated areas, with 
attendant public concern and risk considerations. 

Although the TA-49 RFIICMS may show that massive excavation of the deeply 
buried wastes is not feasible for reasons discussed above, selective soil 
excavation clearly may be practical for localized surface/near-surface 
contamination at MDA AB, particularly in and around Area 2. For example, the 
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contaminated backfill covering the Area 2 pad could be removed. Assuming that 

4300 yd3 would have to be removed (120 x 120 ft area and an 8~ft depth), that 
the waste meets the LLW criterion, and that costs for on-site disposal are about 

$300/yd3, excavation alone would amount to about $1.3 million. These costs, of 
course, do not reflect associated expenses, including sampling, to define the 
area to be excavated, to characterize the waste and to confirm the effectiveness 
of waste removal, and site restoration costs. 

5.4.3.3 In situ Treatment Options for MDA AB 

If the RFIICMS for the TA~49 OU determines that further stabilization of the 
buried waste at MDA AB is desirable, a number of in situ treatment options 
could be considered. However, a/l such methods that might seem feasible at 
present, generally incur significant risk and expense because they require 
intrusion into a source that is highly contaminated with radioactivity and that is 
complicated by large amounts of buried structural debris. In situ technologies 
that are currently available also suffer drawbacks on an individual basis. For 
example, vitrification has never been demonstrated at the depths required at 
T A-49 and would be complicated by the large amounts of buried metallic debris. 
Liquid extraction technologies have never been demonstrated for this type of 
application and have nuclear criticality implications (see below). In situ 
extraction also presents the possibility of unintended solubilization and transport 
of contaminants. Grouting and clay injection schemes suffer from similar 
drawbacks. 

5.4.3.4 Criticality Considerations 

As long as water is not introduced into the MDA AB, the fissile inventory in any 
experimental hole is insufficient to attain criticality under any circumstances 
(Penneman 1991, 03-0012). However, calculations show that the inventories of 
plutonium and enriched uranium within some experimental holes at MDA AB 
theoretically are sufficient to form a critical mass when assembled under certain 
conditions in an aqueous environment (Penneman 1991, 03-0012). The 
possibility for criticality conditions to be attained passively are negligibly small, 
but cannot be ruled out categorically for some remediation schemes that could 
be contemplated. Recovery (concentration) with liquid extractants represents 
one such problematical scheme. Although criticality is extremely unlikely under 
any circumstances because of the dilution of SNM in subsurface materials, this 
issue would have to be considered seriously if remedial measures involving 
treatment with fluids were contemplated. 

5.5 Technical Approach 

The goal of the RFI for the T A-49 OU is to ensure that the environmental 
impacts associated with past and present activities at TA~49 are investigated in 
compliance with the Laboratory's RCRA Part B (HSWA module) permit To 

• 

• 

accomplish this goal, the nature and extent of contamination must be identified, • 
leading to assessment of risk to human and environmental receptors along any 
reasonable environmental pathways that may lead to exposure. In addition, for 
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• MDA AS site geotechnical data must be developed which relates to modeling of 
contaminant transport over substantial periods of time. 

The technical approach used in this au work plan focuses efforts on meeting 
required site characterization objectives in a cost-effective manner. This 
approach uses a health-risk-based decision-making process (consistent with 
the IWP and proposed Subpart S to 40 CFR 264) for recommending SWMUs 
for no further action (NFA) or for further study of possible remedial actions 
under any CMS which might be required. As discussed in Section 2.3 of this au 
work plan, a decision analYSis approach will be employed in this process. 

The basic technical approach for the RFI for the TA-49 au is summarized as 
follows: 

• Archival data are gathered from available sources to help 
define a basic understanding of the processes and events that 
produced <each SWMU and the contaminants of concern 
(COCs) that may be present at each SWMU. 

• The archival data are evaluated to identify those SWMUs for 
which no potential hazard exists so that the number of sites 
which must undergo field investigation can be reduced. 

• The SWMUs that require field investigation are assessed on 
the basis of archival information to determine whether the initial 

• characterization effort will be a limited Phase I or more detailed 
Phase II investigation. 

• Phase I field investigations are carried out as needed to 
determine the presence or absence of COCs and to 
supplement existing information on known source terms or site 
conditions. 

• Data gathered during Phase I investigations are used to 
determine which SWMUs need further characterization and 
which may be recommended for NFA. For SWMUs that require 
further study, Phase I data are used and modeled to help 
design Phase II sampling and analysis plans (SAPs). The RFI 
work plan will be amended and submitted for EPA review and 
approval when Phase II SAPs are completed for sites requiring 
Phase II investigation. Interim Phase Reports (also referred to 
as technical memoranda) will be submitted at least quarterly as 
characterization work proceeds. 

• Phase II field investigations are conducted where appropriate to 
fully characterize the nature and extent of contamination and to 
obtain the data necessary for a quantitative assessment of risk 
posed by COCs. 

• Risk assessment is conducted for each SWMU once the data 
needs are satisfied by the field investigation. 

• • An RFI report is compiled that contains the results of field 
investigations and recommendations for SWMUs evaluated by 

TA-49 Operable Unit RFI Work Plan 5 ·15 May 1992 



Assessment and Remediation Considerations 

the decision process. SWMUs are recommended for CMS 
when the analytical or risk assessment results exceed certain 
values established during risk assessment. The remaining 
SWMUs are recommended for NFA. Recommendations of NFA 
will be supported by criteria which are discussed in the 
following text and in Chapter 8 of this OU work plan (No 
Further Action Units). 

5.6 Decision Process 

All SWMUs within the TA-49 OU are evaluated using the four-step decision 
process illustrated in Figure 5.6-1. Italicized terms used in this diagram are 
defined in Table 5.6-1. Each of the four diamonds in the diagram represents a 
point at which a decision is or will be made for each SWMU under 
consideration. To ensure simplicity in the process, each question posed has 
only two possible answers, ·yes" and "no." The process is designed to identify 
those SWMUs which can be recommended for NFA as early in the process as 
possible, with the least expenditure of resources. Those SWMUs which cannot 
be recommended for NFA after Phase I and Phase II investigations and risk 
assessment are complete will be candidates for a CMS. Pending ER Program 
Office guidance, candidate SWMUs for voluntary corrective action action (VCA) 
will be identified as appropriate within the process. Criteria for identifying and 
handling SWMUs which are candidates for VCA are expected to be developed 
outside of the work scope of the T A-49 RFI and are not addressed in this OU 
work plan, except for limited VCAs as noted earlier in this OU work plan and in 
Chapters 6 and 7. 

A more detailed discussion of the technical approach for the TA-49 RFI, which 
amplifies the general process flow illustrated in Figure 5.6-1, appears in the 
following subsections. 

5.6.1 Decision Point 1 

On the basis of archival data, is there any significant potential risk to 
human health or the environment at this SWMU? 

The HSWA Permit allows the Laboratory to submit an application for a permit 
modification when available information demonstrates that releases from 
SMWUs do not exist which pose a threat to human health or the environment. 
The function of Decision Point 1 is to differentiate between SWMUs that clearly 
do not pose a potential risk to receptors, and those that require further 
investigation. This decision can be made on the basis of qualitative archival 
information and requires professional judgment on the part of the decision 
maker. 

A "yes" decision indicates that the SWMU under consideration poses some 
degree of potential risk, or that the available data are insufficient to deny the 
possible existence of risk. All such SWMUs are recommended for further 

• 

• 

consideration at Decision Point 2. A "no" decision indicates that, on the basis of • 
professional jUdgement, the SWMU poses no potential risk and should be 
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Recommend 
for NFA 

NO 

Recommend 
for NFA 

• NOTE: Pending ER program office guidance, voluntary corrective action (VeA) 
may be carried out at any of these decision points. 

Chapter 5 

Figure 5.6-1 Decision Process forthe TA-49 au (Italicized terms are defined in Table 5.6-1). 
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TABLE 5.&-1 

TERM DEFINITIONS 

Archival Data: Archival data comprise information collect~d to date from published and unpublished 
records pertaining to the history or processes of a SWMU. Records can include written communication 
such as reports, memoranda, letters, notes, or calculations. Verbal communication can be considered 
as archival data. Archival data sometimes has unknown data quality. 

Potential Risk: Potential risk is a judgmental determination of risk of the potential release of 
contaminants of concem to the environment at a SWMU, based on archival data. The determination is 
based on the likelihood that a release may have occurred at a SWMU and may have entered a potential 
migration pathway leading to off·site receptors. No potential risk is associated with the SWMU if NFA 
criteria discussed in Chapter 8 are met. 

Contaminants of Concern: Contaminants of Concern (COCs) are organic, inorganic, or radioactive 
solids. liquids. or gases that, due to quantity, concentration, or physical/chemical characteristics, may 
cause or contribute to a threat to human health or the environment. COCs may consist of one or more 
RCRA- or CERCLA-regulated constituents or of radioactive elements/daughter products. 

Phase I: Phase I refers to the initial sampling phase of site assessment work, which usually is intended 
to collect adequate information to confirm the presence or absence of contaminants of concern in the 
environment. Phase I activities also can include restricted data collection to further define the extent of 
contamination or site conditions relevant to the potential for waste migration. Information collected 

• 

during Phase I sampling and analysis will determine if more detailed Phase II sampling is necessary or if • 
NFA is warranted for the SWMU under investigation. 

Phase II: Phase II constitutes the second sampling phase of site assessment at SWMUs that have 
contaminants of concern, and is based on archival or Phase I sampling investigations. Phase II 
sampling and analysis will help to determine the physical-chemical characteristics of the site and 
attempt to delineate the nature and extent of contamination. Phase II data will be used for contaminant 
fate and transport modeling, risk assessment, and design of treatability and corrective measure studies, 
as required. 

Human Health or Environment: Under RCRA, these terms pertain specifically to the health and 
environment of the general public (exclusive of health concerns for Laboratory employees, which is 
regulated by OSHA). 
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recommended for NFA. Because of the judgmental nature of this decision, a 
recommendation of NFA cannot be made unless the available documentation 
andlor site inspections clearly show that release of COCs is very unlikely to 
have occurred, or if a release is documented, that the release is physically 
prohibited from migrating to off-site receptors, the site has been adequately 
remediated. or the release is permitted under current regulations. 

Evaluation at Decision Point 1 divides the TA-49 SWMUs into two sets. One set 
consists of SWMUs recommended for NFA and another set consists of SWMUs 
that must be evaluated at Decision Point 2. Because the first decision is based 
on existing information, all T A·49 SWMUs were evaluated at Decision Point 1 
during the preparation of this OU work plan. T A-49 SWMUs and potential areas 
of concern recommended for NFA at Decision Point 1 and the criteria used for 
the basis of such recommendations are addressed in Chapter 8. 

5.6.2 Decision Point 2 

Are the archival data sufficient to allow development of a Phase II 
sampling plan for this SWMU? 

Decision Point 2 allows the set of SWMUs requiring further characterization to 
be sorted for development of Phase I or Phase II SAPs. It was decided that 
existing data for the TA·49 OU would not be used directly at this time for action 
level comparisons or risk calculations. Existing data are used only for NFA 
recommendations and for 'sampling plan design. Archival data was reviewed 
against several criteria to help determine if Phase I or Phase II sampling is more 
appropriate. These criteria include the following: 

• 

• 

• 

• 

probability that COCs are present above the most conservative 
action levels that are likely to be set for the T A-49 OU 

probability that the lateral and horizontal extent of 
contamination are known with sufficient accuracy for risk 
assessment 

suitability of existing analytical and site geotechnical data (both 
location and analytes) for the design of a Phase II SAP 

knowledge of experimental or operational processes that 
contributed to the SWMU wastes 

Most TA-49 SWMUs have an archival data set that provides Significant inSight 
into the nature and extent of contamination. For some of these SWMUs, Phase 
I investigation is and highly focused and is expected to lead to a subsequent 
recommendation for NFA. However, some archival data is of unsubstantiated 
quality or is concerned only with radionuclides. In most cases of this type, 
confirmatory field investigation and analysis is proposed for SWMUs going into 
Decision Point 2. At the present time, available information is not considered to 
be adequate to allow efficient design of a Phase II investigation for any TA-49 
SWMU. 

Decision Point 2 does not provide a mechanism for recommending SWMUs for 
NFA. Instead, NF,43 are addressed by the criteria presented in Chapter 8. 
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Decisions made at Decision Point 2 produce two sets of SWMUs. One SWMU • 
set requires Phase I sampling and another set can proceed directly to Phase II 
sampling. Because Decision 2 is made on the basis of existing data, this 
decision has been made for each SWMU during Work Plan preparation. In no 
case was a decision made to proceed formally to a detailed and statistically-
based Phase II investigation, although some field characterization plans have 
aspects of Phase II investigations, as discussed in Chapters 6 and 7. 

5.6.3 Phase I Sampling Process 

The phased approach to site characterization used in this au work plan is 
consistent with EPA and Laboratory IWP guidelines. The technical. approach 
generally uses Phase I field investigations to confirm the presence or absence 
of COCs. 

Phase I sampling will be performed at SWMUs for which the potential for 
significant contamination cannot be ruled out categorically. In these cases, the 
objective of Phase I sampling is not complete characterization of the SWMU, 
but simply to determine whether COCs exist. The Phase I sampling design 
process attempts to model the "worse case" condition of the contaminant 
scenario so that Phase I sampling points can be chosen with the maximum 
chance of yielding confirmatory results. As appropriate, fast-turnaround data will 
be obtained with the use of field survey methods and a field laboratory to rapidly 
evaluate data needs for Decision Point 3 (discussed below). As analytical 
results become available, SAPs will be revised as necessary to focus 
subsequent data collection. In this manner, an iterative process is established 
which retains flexibility as new data is obtained. Data acquired in Phase I will 
serve as input for Decision Point 3. 

The quantitative data from Phase I will be used to efficiently design Phase II. 
Accepted statistical concepts for evaluating sufficiency of sampling and 
additional data needs for modeling waste migration will be identified with the aid 
of Phase I data. 

5.6.4 Decision Point 3 

Do the data collected in Phase I sampling confirm the presence of 
cumulative COCs above levels of concern for this SWMU? 

Decision Point 3 is designed so that SWMUs which have been confirmed by 
Phase I not to have COCs above levels of concern can be recommended for 
NFA. For those locations where COCs are confirmed, Phase I data will be used 
in the development of Phase /I SAPs. The presence of COCs at a SWMU is 
considered confirmed if: 

1 . Any sample contains any COC in a concentration that exceeds 
the detection limit for that constituent when the appropriate 
analytical methods are used, and 

2. The concentration of that COC exceeds the natural background 
level for that constituent. 
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The absence of COCs thus is confirmed if none of the suspected constituents 
are detected or no suspected COCs exceed their respective background levels. 

Regional background concentrations for naturally occurring constituents are 
available as noted in Chapters 6 and 7 of this OU work plan. Background data 
from Laboratory locations will be provided by the ER program's Framework 
Studies technical team in time for analysis of Phase I data. Section 6.1 of this 
OU work plan also proposes limited studies at TA-49 to address this issue. It is 
likely that non-parametric tests will be used for comparisons, since sampling is 
limited and concentrations are generally not distributed normally. 

A "yes" answer at Decision Point 3 indicates that the presence of COCs at the 
SWMU has been confirmed by a technically sound and quality assurance (OA)
validated sampling effort, and that the SWMU must then be evaluated at 
Decision Point 4. A "no" answer indicates that the absence of COCs at the 
SWMU has been confirmed and that a recommendation of NFA is justified. 
Decision Point 3 is the second point in the decision process at which a 
recommendation of NFA can be made for a SWMU (refer to Figure 5.6-1). 

The data required to make a decision at Decision Point 3 include the 
concentrations of suspected COCs at selected sample locations at each 
SWMU. The purpose of Phase I sampling is to acquire the analytical and field 
data needed to make a defensible decision at Decision Point 3. Information on 
site history, physical site characteristics, chemical and physical behavior of 
suspected constituents, and other factors must all be considered in determining 
the appropriate locations and depths at which samples must be collected to 
support confirmation of the presence or absence of potential COCs. The data 
quality objectives process to address these data needs are discussed later in 
Section 5.7.1. 

5.6.5 Phase II Sampling and Modeling Process 

The purpose of Phase II sampling is to develop a picture of the nature and 
extent of contamination at SWMUs which is sufficiently detailed for risk 
assessment and planning of the CMS (if required). The constitution of Phase II 
SAPs will vary significantly for individual SWMUs as a function of the amount 
and type of data available from previously obtained information, Phase I and 
Framework Studies efforts, and other considerations. Sources of potential 
variation in the environmental measurement process will be included in the 
design of Phase II SAPs. 

Phase II will likely be an interactive process for MDA AB in which rapid 
tumaround data will be used to track the progress of the investigation against 
the DOOs for the phase. The Phase II investigation plan will be amended as 
data needs are refined by Phase I results and future Program Office guidance 
on risk assessment methods, modeling strategies, long-term institutional 
control, and other issues important to the TA-49 OU. 

As Phase II data becomes available, comprehensive data analysis and 
modeling of waste migration potential will be conducted. The initial SAPs will be 
reviewed against transport modeling results and against the initial site 
conceptual model or sampling rationale for completeness and suitability, and 
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will be revised as appropriate. The data set resulting from Phase II will serve as • 
input to subsequent risk assessment. 

5.6.6 Risk Assessment Process 

Because health-based risk assessment is integral to the Laboratory RCRA 
process, risk assessment will be performed for all T A-49 SWMUs that undergo 
Phase II investigation. This assessment will incorporate the total data set for 
each SWMU, as obtained through archival review and Phase I and/or Phase II 
investigations. The risk assessment methodology will reflect the guidance set 
out in proposed Subpart S to 40 CFR 264 and guidance to be published by the 
ER Program Office in the 1992 IWP. Data quality objectives for Phase II 
investigations will incorporate any requirements specific to data gathering for 
risk assessment not otherwise noted, as they become available from the 
Laboratory ER Program Office. The risk assessment results will serve as input 
to Decision Point 4. 

5.6.7 Decision Point 4 

Do contaminants of concern at this SWMU exceed action levels or have an 
aggregate risk above the ER Program threshold value? 

Decision Point 4 is the final step in the RFI decision process and functions as a • 
pOint at which SWMUs that have undergone field investigation will be 
recommended either for CMS or NFA. The purpose of Decision Point 4 is to 
allow an evaluation of the total set of validated data now available for each 
SWMU. Concentrations of COCs at each SWMU will be compared against the 
action levels for each COC present and the calculated aggregate risk from 
COCs at the SWMU will be compared against the acceptable aggregate risk 
values determined by the Laboratory ER program office. It is assumed here that 
risk assessment methodologies to be adopted by the Laboratory will reflect the 
basic concepts of proposed Subpart S to 40 CFR 264. Calculation of risk as 
additive for sites with multiple contaminants is assumed. A recommendation of 
NFA at this point in the decision process will be justified for a SWMU if each of . 
the following criteria are met: 

• 

• 

the mean sample concentration for any listed COC does not 
exceed the risk-based action level for that COC, and 

the aggregate risk value for the sum of the health-risk
quantified COCs present does not exceed the acceptable risk 
value set forth by the Laboratory ER Program Office. 

The analysis of data during the RFI for the TA-49 au will follow EPA and IWP 
guidance for using a 90% (one-tailed) confidence interval. Uncertainty will be 
handled in accordance with methods shown in Appendix H of the IWP and 
applicable EPA documents. 

A CMS (or an alternative response action) is required for SWMUs at which one 
or more COCs is present at a level that exceeds the risk-based action level • 
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specified in 40 CFR 264 Proposed Subpart S or the Laboratory IWP for that 
constituent, or at which the cumulative risk posed by two or more COCs 
exceeds acceptable levels. For radionuclides, numbers for comparison to 
analytical values are expected to be published in a future IWP or some future 
EPA guidance. 

However, pending further Laboratory ER Program Office guidance, there may 
not always be a need for carrying a SWMU into the CMS or for corrective action 
whenever COCs are detected in concentrations that exceed Subpart S action 
levels. If further site·specific risk assessment indicates that human health and 
the environment are not at risk (e.g., if there is no plausible pathway from 
source to potential receptors), then no further action may be appropriate. 
Criteria for this circumstance is expected to be promulgated by the Laboratory 
ER program office. 

5.7 Data Quality Objectives Process 

There are three stages in the decision process at which data must be collected. 
The first stage involves the initial collection of pertinent archival information. 
This information serves as data input for Decision Points 1 and 2. The data 
required to make a decision at Decision Point 3 are collected during Phase I 
sampling, the second stage of data collection. Phase II sampling is the third 
stage of data acquisition. The data needs for Decision Point 4 determine the 
scope of Phase II efforts . 

Because these decisions must be technically sound and validated to be 
defensible, an attempt has been made to coliect as much reliable archival 
information about each site as possible. To ensure that data of appropriate and 
sufficient type, quantity, and quality are collected during Phase I and Phase II 
sampling, the Data Ouality Objectives (DOO) process has been applied to the 
development of the Phase I and Phase 1\ SAPs. These SAPs are presented in 
Chapters 6 and 7 of this OU work plan. 

The DOO Process is a seven·step process developed by the EPA for planning 
effective and efficient data collection programs (EPA 1987, 0086). A well
planned data collection program will ensure that the right type, amount, and 
quality of data are collected on which defensible environmental decisions can 
be based. The level of uncertainty which is acceptable also is addressed in the 
DOO process. 

The DOO process is a valuable tool for the following reasons: 

• 

• 
• 

it provides a logical, iterative structure for study planning and 
ensures that the investigation is focused on the critical 
questions, 

it provides a focused method to determine data needs, 

it helps data users plan for uncertainty, and 
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• it facilitates communication among the technical team members 
and minimizes the amount of time and money spent collecting 
data. 

The seven steps in the DOO Process, and the locations in this OU work plan 
where pertinent information is located (other than in the remainder of this 
section), are as follows: 

1. Statement of the problem: The environmental conditions at 
TA-49 are addressed generically in Chapters 3 and 4 and by 
specific SWMU in Chapters 6 and 7. Assessment and remedial 
considerations are addressed in Chapter 5. 

2. Identify decisions that address the problem: Potential land 
use and remedial actions are developed elsewhere in Chapter 
5. 

3. Identify inputs affecting the decision: Decision inputs are 
addressed in Chapters 3 through 5. 

4. Specify spatial and temporal domains of the decisions: 
Domains are addressed in Chapters 3-5. 

5. Develop logic statements: SWMU-specific logic statements 
(decision questions) pertaining to specific SWMU 
characterization are developed in Chapters 6 and 7. 

6. Establish constraints on uncertainty: Uncertainty issues are 
addressed generically in Chapter 5 and by specific SWMU in 
Chapters 6 and 7. 

7. Optimize design for obtaining data: The characterization 
plan is addressed in Chapters 6 and 7 for each SWMU. 

This seven-step process was followed in developing DOOs for the TA-49 OU 
work plan. It was decided that, while Decisions 1 and 2 require decision maker 
confidence in archival data, decisions made from archival data of uncertain 
quality could be made without a formal set of DOOs. Although not formally 
documented. Laboratory ER project leaders have agreed that acceptance of 
archival data at face value sometimes is justified for the purposes of RFI 
planning. In developing the DO Os to support Decision 3 (post Phase I) and 
Decision 4 (post Phase II), a more formal process was used (refer to Figure 
5.6-1). 

Decisions 3 and 4 require data of certain quality, for both determination of the 
nature and extent of contamination and for risk analysis. The TA-49 RFI work. 
plan follows EPA and IWP guidelines for addreSSing sampling and analytical 
uncertainties. For the sampling and analytical effort to determine nature and 
extent, a confidence interval of 90% (one-tailed) will be used. Phase I data used 
in making Decision 3 will include data of at least analytical Level III quality. 
These uncertainty constraints are adopted globally in the RFI process for the 
TA-490U. 

As previously stated, risk assessment data needs have not been defined fully 
for the methods to be used. However, the assumption used in this OU work plan 
is that methods similar to those in proposed Subpart S to 40 CFR 264 will be 

• 

• 

applied. Additionally, background concentration values are not yet available. It • 
is assumed that guidance on the methodologies and uncertainties associated 
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with those studies will be supplied by the Laboratory ER Program Office when 
they are complete. As required, DOOs for the TA-49 au will be reviewed and 
amended for consistency as information on risk assessment methodology 
becomes available. 

5.7.1 Phase I Data Quality Objectives 

DOOs for Phase I SAPs have been developed using the seven-step process 
described. The DOOs process for Phase I SAPs is discussed in following 
sections and is outlined in a diagram in Figure 5.7-1. 

5.7.1.1 Problem Statement 

For some T A-49 SWMUs, COCs are suspected, but their presence has not 
been confirmed and no data are available on the concentrations or specific 
locations of contaminants. Environmental samples will be collected and 
analyzed to confirm the presence or absence and location of COCs at these 
SWMUs. For other TA-49 SWMUs, significant levels of COCs are known to be 
present, but their full extent and potential for migration are insufficiently known. 
Environmental data associated with these uncertainties must be collected for 
risk assessment purposes . 

5.7.1.2 Questions to be Answered 

Do Phase I data confirm the presence or absence of COCs at this SWMU? 

If COCs are known to be present at this SWMU, do Phase I data provide 
sufficient information for design of a Phase II investigation? 

Possible answers to these questions are discussed in Section 5.7.6. 

5.7.1.3 Decision Inputs/Data Needs 

Two sets of decision inputs (data needs) that are necessary to support the 
decisions made at Decision Point 3 have been identified. These sets include the 
following: 

• 

• 

the information necessary to design an adequate Phase I SAP, 
and 

the field and analytical data that will be collected during the 
sampling program. 

The first set includes information that must be gathered before development of 
the sampling plan. The second set includes the concentrations of COCs at the 
site as determined by field and laboratory analyses of samples collected at the 
SWMU . 
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Problem 
Statement: 

Question to 
be Answered: 

Data 
Needs: 

Problem 
Domain: 

Decision Rule! 
Logic 

Statement: 

Uncertainty 
Constraints: 

Sampling and 
Analysis Plan: 

DATA QUALITY OBJE.CTIVES FOR PHASE I 

Contaminants of concern (COCs) are suspected for SWMUs 
within the TA·49 au, but their presence has not been confirmed. 
For other SWMUs, the full extent and potential for migration are 

insufficiently known. 

Do the data collected in Phase I Sampling confirm the 
presence of COGs at this SWMU? 

If sufficient levels of COCs are known to be present, are the 
extent and migration potential adequately defined for Phase II design? 

• Field data (survey and screening results) 
• Analytical data (concentrations of COCs) 
• Site Processes 
• Potential release mechanisms 
• Site history 
• Potential COCs 

Definition of the location and types of COCs within each 
SWMU. 

If concentrations of all analyzed COCs are below conservative 
action or screening levels, then recommend for No Further 

Action. Otherwise, Proceed to Decision Point 4. 

Sampling plans will be designed on the basis of professional 
judgement to minimize the chance of obtaining false negative 

results. 

See Chapters 6 and 7 

Figure 5.7-1 Data Quality Objectives Process for Phase I of the RFI for the TA-49 OU. 
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To facilitate the development of the TA-49 work plan, SWMUs have been 
grouped into the following logical groupings, based on likely remedial actions to 
be recommended following the RFIICMS process: 

• MDA AB. Large source terms (uranium, plutonium, lead, and 
beryllium) exist in the hydronuclear shafts. Much smaller, highly 
localized source terms (soil and debris) exist near the surface 
at MDA AB. Several remedial options are conceivable for the 
near-surface contamination. However, because removal or 
treatment of the deeply buried wastes is likely to be impractical, 
and the likelihood for contaminant migration is low, this work 
plan considers the most likely remedial measure for MDA AB to 
be selected following the RFI/CMS to_be capping and 
stabilization accompanied by long-term institu~ional control, 
maintenance, and monitoring. 

• Area 11 and Area 5. The Area 11 leachfield is strongly 
suspected to contain a localized soil zone with TAU 
contamination but with a small inventory of photochemical 
wastes, but is unlikely to contain other contaminants above 
levels of concern. Selective removal of contaminated soil is a 
possible remedial option for both areas. However, because 
these two areas are within the geographical area inscribed by 
individual areas of MDA AB which contain much larger source 
terms, they are almost certain to be managed with MDA AB, 
whether or not contaminant levels of concern are present. 
Therefore, it is assumed that long-term institutional control also 
will be maintained over Areas 5 and 11 and that remedial 
decisions for these areas will be considered within the context 
of actions to be taken for MDA AB. 

• All other areas. Based on the available information, SWMUs 
other than those discussed above are unlikely to contain 
significant source terms and therefore the no further action 
(NFA) alternative is the likely recommendation to follow from 
the RFl. Thus, the RFI is likely to show that these areas are 
suitable for unrestricted Laboratory use, subject to site-wide 
restrictions imposed by the use of T A-49 as a buffer zone for 
adjacent firing sites. 

Since highly localized radiological, lead, and beryllium contaminants represent 
by far the most significant contamination at T A-49, they are the primary focus of 
SWMU-specific investigations. Other contaminants are known or suspected to 
exist at TA-49 only in very limited quantities and generally will be associated 
with the aforementioned contaminants. Thus, sampling plans take these factors 
into account to maximize the effectiveness of the RFI by focusing on a set of 
TA-49 indicator analytes, as discussed in Section 5.1.2. 

A general table of data needs is presented in Tables 4.12-1 and 4.12-2. Specific 
data needs on an individual SWMU basis also are called out in Chapters 6 and 
7. Table 5.1-1 listsindicator contaminants that are proposed for the TA-49 OU, 
the appropriate analytical method, and analytical detection limits for each 
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indicator. This table is meant to be a bridge between the development of DOOs 
and the preparation of the SAPs. 

For the purpose of setting DOOs, OU-wide objectives of the TA-49 RFI are 
defined as follows: 

• Identify contaminants (if any) at each SWMU. 

• 

• 

• 

• 

• 

Determine the nature, quantity, and extent of contamination for 
each SWMU. 

ldentify contaminant migration pathways from each SWMU and· 
from the OU as a whole. 

Characterize the TA-49 environment sufficiently to allow 
quantitative migration pathway modeling and risk analyses, as 
necessary. 

Provide the data needed for initial assessment of remedial 
alternatives. 

Provide the basis for planning the CMS. 

5.7.1.4 Problem Domain 

The problem domain for Phase I sampling includes the definition of the location 
and types of COCs within each SWMU. 

5.7.1.5 Decision RuleJLogic Statement 

The decision made at Decision Point 3 will be based on the following rule: 

If, for all samples collected for the SWMU in Phase I, the maximum 
concentration of any COC in any sample does not exceed established action 
levels or screening levels based on the most conservative action levels which 
are likely to be set for this SWMU, the SWMU will be recommended for NFA. 
Otherwise, the SWMU will undergo further study. 

This decision will not necessarily be based on a statistical characterization of 
the contamination levels at a SWMU for several reasons. First, any type of 
averaging of sample results would dilute maximum values and increase the 
chances of making a Type II error (Le., false negative, or incorrect conclusion 
that COCs are present). Second, in most cases the goal of Phase I is not 
complete characterization, but rather simply to determine whether COCs are 
present or absent. In addition, for most TA-49 SWMUs, the location of the 
SWMUs is not in question. Therefore, it is not necessary to resort to 
geostatistically based schemes to locate areas with maximum probability of 
contamination. 

However, comparison of sample values to background concentration ranges 

• 

• 

ultimately could be statistically based, depending upon characterization • 
methods employed by the Framework Studies technical team for background 
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studies. Methodology for these comparisons will be added to the T A-49 OU 
work plan as it becomes available. 

5.7.1.6 Uncertainty Constraints 

To fully validate and define a decision to recommend a SWMU for NFA at 
Decision Point 3, Phase I SAPs have been designed so that the probability of a 
significant false negative result (Type II error) is very low. This has been done 
by focusing the sampling toward those areas determined judgmentally to most 
likely contain the highest concentrations of COCs and by including some low
cost redundancy in the field investigation (e.g., area radiological screening). The 
most serious consequence of a Type II error is that a recommendation for NFA 
may be made inappropriately. 

No attempt is made in Phase I to limit the chances of false positive (Type I) 
errors, as these errors will be identified during Phase II sampling. Thus, the 
consequences of Type I errors is that some additional cost and time will be 
expended in Phase II. 

As stated in Section 5.7.1.5 above, statistical constraints regarding the 
treatment and comparison of Phase I data to background or action levels 
depend upon the method the ER Program Office adopts. A comprehensive 
statistical effort is reserved for Phase II. 

5.7.2 Phase II Data Quality Objectives 

DOOs for Phase II SAPs have been developed using the seven-step process 
described above. DOOs for the Phase II SAPs are discussed below and shown 
in a diagram in Figure 5.7-2. 

5.7.2.1 Problem Statement 

For SWMUs for which significant levels of COCs has been confirmed, either by 
archival information or data collected during Phase I sampling, a complete 
picture of the nature and three-dimensional extent of contamination and 
potential transport processes will not be known. Environmental data must be 
collected and analyzed to clarify these issues so that the health-based risk 
posed by the COCs can be assessed. Transport and exposure modeling for 
future use scenarios must be employed to assess the risk. 

5.7.2.2 Question to be Answered 

Do contaminants of concern at this SWMU exceed action levels or have an 
aggregate risk above the ER Program threshold value, and is there potential for 
waste migration? This question and its two possible answers form the basis of 
the decision rulellogic statement following subsection 5.7.2.5. 
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Problem 
Statement: 

Question to 
be Answered: 

Data 
Needs: 

Problem 
Domain: 

Decision Rule! 
Logic 

Statement: 

Uncertainty 
Constraints: 

Sampling and 
Analysis Plan: 

DATA QUALITY OBJECTIVES FOR PHASE II 

For those SWMUs where contaminants of concern (COCs) are 
present, the nature and extent of the contamination and importance of 

potential transport processes must be clarified. 

I 
Do COCs exceed action levels or have an aggregate 
risk above the ER program threshold value, and is 

there potential for waste migration? 

I 
Nature and Extent of Typical 

Contamination Media Characteristics 

• types of COCs present • soil and/or rock type 
• concentrations of COCs • porosity & permeability 
• physical! chemical characteristics • physical & chemical properties 

ofCOCs of soil (e.g., ion exchange, 
• vertical and lateral extent of COCs adsorption qualities, moisture 
• plume dimensions content, grain size distribution) 

• heterogeneity in media 
• wind velocity and direction 

I 
The problem domain encompasses potential receptors, spatial boundaries, 

and temporal constraints. Potential receptors include site workers and 
visitors at present and occasional recreational users in the future. 

Spatial boundaries of the SWMU are defined by 
the limits of migration of COCs. Temporal constraints are a function 

of constituent-specific chemical and physical properties 

I 
If no individual COC exceeds its action level, and the aggregate risk 

value for all COCs present does not exceed the ER Program 
risk-threshold value, then recommend this SWMU for NFA. 

Otherwise. recommended for CMS. 

I 

Phase II sampling is designed to produce a 
90% (one - tailed) confidence rule in COC concentrations. 

Statistical methods sample mean (and data 
needs), for background comparison and risk 

assessment will be consistent with future 
program guidance. 

I 
See Chapters 6 and 7 

Figure 5.7-2 Data Quality Objectives for Phase II of the RFI for the TA-49 OU. 
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5.7.2.3 Decision Inputs/Data Needs 

The purpose of Phase II sampling is to obtain the data needed to support the 
decision made at Decision Point 4. In general, enough must be known about the 
nature and extent of contamination at the site and potential transport processes 
to facilitate a health-based risk assessment To meet this end, several sets of 
decision inputs must be defined during Phase II sampling. These sets include 
the following: 

• the nature and three-dimensional distribution of the· 
contamination; 

• 

• 

the concentrations of COCs at various locations and depths; 
and 

site geotechnical information related to the potential for waste 
migration over time 

To develop a SAP that will obtain these data, all information obtained to date 
must be considered, including archival information and data collected during 
Phase I and other investigations. Consideration of these questions will help to 
determi ne the locations and depths at which samples should be collected and 
the types of analyses that should be run on each sample. 

Phase II sampling efforts will be designed on the basis of Phase I or other data. 
Phase II sampling may use a random, stratified random, or 3-D random 
sampling approach, as appropriate. Data needs for statistical sufficiency of 
sampling include number of samples, sample mean, and sample variability, as 
described in Chapter 9 of SW846 and other EPA guidance documents for 
statistical analysis. Data needs for transport and exposure modeling and for risk 
assessment will depend on which codes and methodologies are adopted by the 
Laboratory ER Program Office for these purposes. The TA-49 OU work plan will 
be amended as required to reflect guidance as it becomes available. As 
appropriate in developing Phase II SAPs, SWMUs recommended for Phase II 
investigation will be grouped into aggregates on the basis of proximity and 
similarity of sampling techniques and requirements to maximize the cost
effectiveness of Phase II investigations. 

5.7.2.4 Problem Domain 

The problem domain includes potential receptors, spatial boundaries (the area 
of a release and spatial limits of contaminant migration), and temporal 
constraints (the current chemical/physical form of contaminants and future 
migration potential). Under present use, potential receptors are identified as 
Laboratory site employees and visitors. Indefinite institutional control is 
assumed for MDA AB, Area 11, and Area 5. For other areas of TA-49, 
recreational use by Bandelier National Monument is assumed after 100 yrs of 
Laboratory institutional control. 
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5.7.2.5 Decision RuleILogic Statement 

If no individual COC exceeds its action level, and the aggregate risk value for all 
risk-based COCs does not exceed the ER Program risk-threshold value. the 
SWMU will be recommended for NFA. Otherwise, the SWMU will be 
recommended for CMS. 

5.7.2.6 Uncertainty Constraints 

Sample mean concentration estimates with a 90 percent (one-tailed) confidence 
interval will be used for comparison to action levels and for risk assessment. 
These constraints parallel those discussed in EPA SW846 and other EPA 
publications for statistical analysis of solid waste sites. Refer to Sections 5.7.1.6 
and 5.7.2.3 of this au work plan for additional discussion of uncertainty 
constraints. 

5.8 Field and Analytical Data Quality Requirements 

Data quality requirements for field and analytical data collected at the TA-49 au 
are governed by the need to make defensible. risk-based decisions for each 
SWMU. The information collected will be based on sound professional 
judgment, required EPA protocol, statistical requirements. and overall data 
objectives for the project. This section contains a discussion of data quality 

• 

requirements concerning analytical levels, analytical methods, PARCC • 
(preCision. accuracy, representativeness, completeness, and comparability) 
parameters. and field data quality requirements. 

5.8.1 Analytical Data Quality Levels 

The following five descriptors are used to define analytical data quality levels 
(EPA 1987): 

• 

• 

• 

• 

Level I: data from survey methods used to identify 
contaminants in situ, or field screening methods to be used at 
the point of sample collection; 

Level 11/111: field laboratory or field survey methods used to 
provide rapid quantitative discrete sample analyses or area 
surveys during field operations; 

Level III11V:field or off-site analytical laboratory methods used 
to provide accurate, precise, and defensible data; and 

Level V: non-conventional methods, 

Additional characteristics of the five categories are given in Table 5.8-1. In 
general, Levels I and II are associated with on-site portable field instrumentation 
or tests that can yield "real-time" surveyor screening data. Levels III and IV are 
associated with strict field laboratory or off-site laboratory protocol and 
documentation that will generate high-quality. defensible data. Level V will • 
accommodate all special analytical methods that are not covered under 
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TABLE 5.8-1 
SUMMARY OF ANALYTICAL LEVELS APPROPRIATE TO DATA USES 

Data Uses Analytical Type of Analysis Limitations Data Quality 
Level 

Site characterization; Levell Radiological Response dependent Method-specific 
monitoring during field screening on radiation type and 
implementation; and surveys conditions; response 
identification of gross limited to upper 1-2m 
contamination of soil 

Identification of gross Levell 
contamination 

HE spot tests Mattix dependent Qualitative 

Site characterization; Level II Variety of organics by Tentative identification; Dependent on QAlQC 
evaluation of altema- GC, inor~anics by AA, analyte-specific steps employed 
tives; engineering design; XRF,IC 
monitOring during 

Qualitative or quantitative implementation Radiologic field Response dependent 
screening and on radiation type depending on method 
surveys 

Field laboratory analyses Tentative identification Dependent onQAlOC 
for some radiological and quantification steps employed 
constituents 

Risk assessment: Level III Organics!inorganics, Specific identification; Detection limits similar 
site characteriza; using EPA procedures tentative identification to CLP 
tion; evaluation other than CLP; in some cases 
of altematives; analyte-specific 
engineering design; 

Less rigorous QAlQC monitOring during RCRA characteristic Can provide data of 
implementation tests same quality as than for Level IV 

Level IV 

Radiological constituent Specific identification; QAlQC 
detection limits below comparable to SW846 
background; with methods 
suitable OC, gives 
quality comparable to 
SW846 methods 

Risk assessment; Level IV TClJT AL organics! Tentative identification Goal is data of known 
evaluation of in organics by GC/MS, of non· TCl parameters quality 
altematives; engineer- AA. ICP, etc. 
ing design 

Low ppb detection limit May require time 
to validate 

Rigorous QAlQC 

packages 

Risk assessment level V Nonconventional May require method Method-specific 
methods development 

Mechanism to obtain Method-specific 
services requires detection limits 
lead time 

a-EPA (1987) 

M = atomic absorption 
GC = gas chromatography 
ReRA = Resource Conservation and Recovery Ad 

CLP :::: Contract Laboratory Program 
ICP = inductively coupled plasma 
TAL = target anaIyte list 

EPA = Environmental Protection Agercy 
MS '" mass spectrometry 
TCl = target compound list 
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standard Level III or IV parameters. Quality of Level V work can meet either • 
Level III or IV standards. 

5.8.1.1 Phase I Analytical Levels 

Investigations for the TA-49 RFI will b.e performed under a combination of 
analytical data quality levels to meet SWMU-specific, contaminant-related field 
investigation requirements described in Chapters 6 and 7. Phase I 
investigations generally will be performed under analytical Levels I, II, and III. 
Level I and II data will be collected as part of a field survey and screening 
program to allow for qualitative, real-time evaluations of site conditions. Level I 
field screening and survey will include a variety of portable field instrumentation 
or field test kits that can continually or periodically give information on site 
conditions. Level I observations also are used as a critical part of the site health 
and safety plan and for evaluation of samples to determine proper shipping 
procedures. Table 5.8-2 and 5.8-3 provide additional details concerning the 
instrumentation and methods for each analytical level. 

Level II activities will include the use of field survey methods and portable field 
laboratories (Table 5.8-2). Field surveys include the use of surface or borehole 
geophysics to assist in remote sensing activities or assist in the location of 
sample points. Field analytical laboratories can provide quantitative rapid
turnaround information of Level I, II, and III quality that can be used to support 
field strategy deciSions. The vehicle-based gamma spectrometry system for 
radiological surveys also yields data of Level II quality. 

Level III analytical data will be obtained during Phase I using mobile field 
laboratories or off-site laboratories that can support RFI/CMS decisions each 
SWMU. In general, data of at least Level II quality must obtained to support a 
recommendation of NFA. Strict QNQC and sample documentation procedures 
will be followed (see Annex" of this au work plan and the ER program's 
Generic QA/QC Plan). Laboratory protocol for sample analysiS will be 
performed using EPA's "Test Methods for Evaluating Solid Waste,· SW846, for 
organic compounds and metals. Radionuclide, high-explosive, or miscellaneous 
analyses will employ acceptable analytical methods as outlined in the IWP. 

Level IV data quality will be used as appropriate for confirmation of Level III or 
archival analytical data at present, collection of Level IV data is not planned in 
Phase I. The need for Level IV data in Phase II will be assessed as Phase I 
results are evaluated. 

Level V analyses can include measurements for nonconventional parameters, 
method modifications, analyte suites from 40 CFR 261 (Appendix VIII) or 40 
CFR 264 (Appendix IX), physical testing of soils or rock, or other nonstandard 
methods that may be employed in the TA-49 RFI. Quality control and 
dOCUmentation for Level V will be equivalent to procedures defined for level III 
to maintain the defensibility and quality of data. 

If required, selection of analytical methods and data quality levels for COCs that 

• 

have background or have action levels below standard MOL or PQl levels will • 
be determined by future LANL ER project office guidance. 
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TABLE 5.8-2 

DATA TYPES, USES, AND QUALITY LEVELS FOR TA·49 OU-WIDE CHARACTERIZATION ACTIVITIES 

. Data TyJ.!~__ ___ _ 

OU-Wide Surface Characterization 

Geomorphology 
(for example. geologic base map, drainage 
patterns, sediment deposition areas) 

Map of Faults/fractures 

Background analyte levels 

Intended Uses 

Identify surface geologic features that may 
influence contaminant movement, and 
distribution 

Determine if overland or channel flow 
patterns can result in off-site transport 

Determine potential impact on site stability 
and contaminant transport pathways via 
faults and fractures 

Provide a basis for determining whether 
individual SWMUs are contaminated 

ReC{l!i~~~DaIa ~uality 

Standard geological field methods will 
provide sufficient quality for the identified 
uses 

Standard documented geological field 
methods will provide sufficient quality for the 
identified uses 

Level III analytical laboratory analyses are 
required 
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TABLE 5.8-2 (continued) 

DATA TYPES, USES, AND QUALITY LEVELS FOR TA-49 OU-WIDE CHARACTERIZATION ACTIVITIES 

Data Type Intended Uses 

. OU-Wide.~u_b_s_u_rfac~_Ch.=a.:.::ra::.:c:.:t.::.e:..:ri=za=t~io=n:.:-. ____ _ 

Mineralogy/geochemistry (tor example clay 
mineral content, zeolite mineralogy, cation 
exchange capacity, content, etc.) 

Hydrogeological parameters 
(tor example moisture content, bulk density. 
porosity, permeability. moisture 
characterization curve, hydraulic 
conductivity) 

Pore fluid composition 
(for example isotope characterization of 
water extracted from bulk tuff) 

• 

Predict contaminant movement through tuff 

Estimate flux and veolocity of contaminant 
movement in vadose zone; input to a flow 
and transport model 

Delineate depth of migration of water that 
has infiltrated the subsurface; determine 
absolute ages of pore water in vertical 
hydrostratigraphic sections. 

• 

Required Data Quality 
.. -----~ ------. -----,-----

Standard operating procedures. The 
intended use is consistent with normal use 
of these data, thus standard methods 
provide appropriate data quality 

The required data uses can be supported by 
data provided by standard laboratory 
methods. Excessive variability in early data 
may require additional sampling/analysis to 
identify source of variability 

Standard field and laboratory methods. 
These were developed for the intended data 
uses provided data ot sufficient quality. 
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TABLE 5.8-3 

DATA TYPES, USES, AND QUALITY LEVELS FOR SWMU-SPECIFIC CHARACTERIZATION ACTIVITIES 

Data Type 

Field surveys 
(e.g., area radiological surveys 
and geophysical surveys) 

Field sgreening 
(e.g., gross alpha, area 
radiological, HEs, and, lithological 
logging) 

Field laboratory measurement 
(e.g., gross alpha, gross beta, 
gamma spectrometry, PCBs, soil 
moisture) 

Analytical laboratory measurements 
(e.g., SW846, radiochemistry) 

Intended Uses 

Direct reading/recording instru
mentsto scan land surface and 
measure in situ conditions. 

Point of collection sample 
measurements; identification of 
grossly contaminated samples; 
documentation of sample 
lithology; support of Health and 
Safety operations. 

Guidance for field operations 
(borehole stopping criteria, health 
and safety, sample transportation, 
etc.); aid in selecting judgmental 
sampling locations (e.g., hot spot 
samples for contaminant 
identification); reduction of 
analytical sample load. 

High-quality, defensible data; 
accurate, precise quantification of 
a broad list of analytes; risk 
assessment. 

Required Data Quality 

Level I and" data are acceptable 

Level I and II data are acceptable 

Primarily Level II data will be used 
since confirmatory analytical 
laboratory measurements will be 
obtained. Some techniques may be 
Levell or Level III, as well. 

Level III data are required. In some 
circumstances, well supported 
Level II data may be acceptable. 
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5.8.1.2 Phase II Analytical Levels 

Phase II analytical levels will be similar to those used in Phase I (Levels I, 11, and III). 

5.8.2 Analytical Methods and PARCC Parameters 

Analytical methods selected for the analysis of soil, water, or air samples to be 
collected during the TA-49 RFI will follow standard laboratory protocol 
recognized by the EPA (see Tables 5.8-4 and 5.8-5). The analytical methods 
include a variety of techniques that potentially apply to over 300 individual 
analytes. Testing for semivolatile organic compounds, PCBs, and inorganic 
metals will be performed using EPA's "Test Methods for Evaluating Solid 
Waste," SW846 protocol (EPA 1987, 0292). Analyses for radionuclides, high
explosives, and miscellaneous analytes will be performed under other 
acceptable analytical methods. Table 5.8-5 summarizes the analytical methods 
that will be used. 

Tables V.3 through V.12, IX.1, and IX.2 in the Laboratory's Generic Quality 
Assurance Project Plan (QAPjP) contain additional information concerning 
analytical methods for constituents of interest at the T A-49 OU. The QAPjP lists 
the individual constituents analyzed under each method, the corresponding 
chemical abstract service numbers, and the practical quantitation (PQL) or 
minimum detection limits (MOL) for each constituent using the specific method. 

• 

PARCC parameters (preCision, accuracy, representativeness, completeness, • 
and comparability) are analytical and sampling quality assurance goals that are 
established to ensure that quality data are generated A thorough discussion of 
the PARCC parameters for the Laboratory ER Program is presented in Section 
5.0 of the Generic QAPjP. 

5.8.3 Sample Collection Quality Requirements 

Numerous field activities have an impact on the overall data quality for an 
environmental restoration program. The activities that have a direct effect on 
data quality include equipment calibration schedules and procedures, sample 
method selection and technique, sample containers, preservatives, sample 
holding times, the number or type of quality control samples, sample 
documentation, and equipment decontamination. To ensure that data quality is 
maintained in the field, specific details for each of these activities addressed in 
Annex II of this OU work plan (QA Project Plan), in the Generic QAJAC plan for 
the Laboratory's ER program, and in the Laboratory Standard Operating 
Procedures (SOP) Manual for the ER Program. Table 5.8-6 contains guidelines 
for sampling frequency for QAJQC control samples of various types. 
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TABLE 5.8-4 

INSTRUMENTATION AND METHODS FOR PROPOSED 
ANAL YTICAllEVElS 

lEVEL I: FIELD SCREENING 

• Portable Instruments 

- FIDLER 
- Geiger-Mueller 
- Micro-R Meter 
- Organic Vapor Analyzer (OVA) 
- Photoionization Detector (PID) 
- Explosimeter 
- Oxygen Level Indicator 
- pH, Temperature, Conductivity Meter 

LEVEL II: FIELD SURVEYSIINSTRUMENTATION 

- Mobile Analytical Lab 
- Surface Geophysics 
- Borehole Geophysics 
- Soil Vapor Surveys (portable instruments) 
- Radiological Screening Laboratory 
- Vehicle-based Gamma Spectrometry System 

• Field Test Methods/Kits 

- OVA Headspace Test 
- HNU Headspace Test 
- Handby Kit 
- Draeger Tubes 
- Hazcat Kits 
- Lab in a Bag® 
- Chloride Test Kits (soil) 
- Hack KitsTM 
- High Explosives 

LEVEL III: LABORATORY METHODSIINSTRUMENTATION 

- SW846 Protocol for soil, air, and water analysis for volatile and semivolatile 
organic compounds, organochlorine pesticides and PCBs, and metals using Los Alamos, 
off-site, or field laboratories 

- Laboratory, Department of Energy (DOE), US Army, or EPA analytical methods for 
radionuclides, high explosives, or miscellaneous analyses (see LANL-ER-QAPjP) 

- Instrumentation typically includes gas chromatography (GC), gas chromatography/mass 
spectrometry. inductively coupled plasma atomic emission spectroscopy (ICAP), atomic 
absorption (AA) . 

LEVEL V: LABORATORY METHODS 

- ASTM protocol for soiVrock testing 
- Method specific protocol 
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TABLE 5.8-5 

SUMMARY OF ANALYTICAL METHODS FOR 
SAMPLE ANALYSIS AT THE T A-49 OU 

EPA Methods 

• EPA SW-846 Method 8080 Organochlorine Pesticides and PCBs 

• EPA SW-846 Method 8270 Semivolatile Organics (SVOCs) 

• EPA SW-846 Method 6010 Inorganic Metals by Inductively Coupled Plasma 
Atomic Emission Spectroscropy (ICAP) 

• EPA SW-846 Method 7000 Inorganic Metals by Atomic Absorption (AA) 

Radionuclides - LANL or DOE Methoda 

• Gas Flow Proportional Counting Gross Alpha, Gross Beta 

• Alpha Spectrometry Am-241, Isotopic Pu, Isotopic U 

• Gamma Spectrometry Am-241 , Cs-137, Gross Gamma 

·ICPIMS Total Uranium 

• Liquid Scintillometry Tritium 

Other Methods 

• High Explosives - USATHMA High Performance Liquid Chromatography (HPLC)a 

• Miscellaneous Analytesa 

• Physical testing of soil or rock - ASTMb Protocol 

aRefer to Laboratory ER QAPjP for additional information. 
bAmerican Society for Testing and Materials. 
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• TABLE 5.8-6 

GUIDELINES FOR MINIMUM QA/QC SAMPLES FOR FIELD SAMPLING PROGRAM 

QC Applicable Sample Applicable QA/QC Sample Frequency 
Sample Type Matrix Sample Matrix (1 per each analytical 

batch or) 

Bottle Blank Soil Water 1 per 20 samples 
Water Water 1 per 20 samples 

Field Duplicate Soil Soil 1 per 20 samples 
Water Water 1 per 10 samples 

Rinsate Blank Soil Water 1 per 20 samples 
Water Water 1 per 1 0 samples 

Field Blank) Soil Water 1 per shipping cooler 
(Trip Blank Water Water 1 per shipping cooler 

Smear Blank Paper Smear Paper Smear 1 per sample event 

• 

• 
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Section 6.1 Baseline Characterization 

6.0 UNITS OTHER THAN MDA AB 
Descriptions, Data Quality Objectives, and Sampling Plans 

6.1 BASELINE CHARACTERIZATION 

6.1.1 Introduction 

To properly assess the potential for contaminant movement within the 
hydrogeological system at TA-49, a sufficient technical understanding of the 
site's environmental setting is necessary. Baseline data provide the basis 
against which SWMU contaminant levels can be compared. Additional baseline 
data will allow more accurate risk evaluation and will form the basis for selecting 
remedial alternatives for T A-49 because that selection will be based in part on 
the influence of natural geological barriers and pathways on contaminant 
movement. Section 6.1 outlines the plan to obtain this needed data. The field 
investigation strategy for all RFI activities is summarized in Table 6.1-1 (a - d) 
Tables 6.1-2 of this chapter and E-1 of Appendix E summarize samples and 
analyses for Phase I baseline characterization. 

Required baseline geological, geochemical, and hydrological studies of TA-49 
include surface and subsurface characterization. Because TA-49 is located at 
the south-central extremity of the Laboratory, its location is ideal for providing 
information of Laboratory-wide relevance. Additional studies at T A-49 are 
planned by the Laboratory's Framework Studies and Environmental 
Surveillance Groups . 

Baseline geotechnical data is required to provide boundaries for transport 
model calculations for the vadose zone underlying MDA AB, which contains 
almost all of the contanimants at TA-49. There is the strong likelihood that MDA 
AB contaminants will be isolated for extremely long periods of time because of 
the great thickness of the vadose zone, the low hydraulic conductivity of 
unsaturated soils and tuff, and the strong retardation of contaminant movement 
as a result of the inherent properties of subsurface sorptive media. Thus, the 
removal of buried wastes at TA-49 may not be warranted if institutional control 
can be ensured and if conditions remain stable over a defined time frame. 
Alternatively, if active remediation is necessary at MDA AB, geological, 
geochemical, and hydrological site characteristics will affect the selection of 
remedial actions and monitoring programs. 

Characterization activities within individual SWMU areas are discussed in the 
remainder of this chapter and in Chapter 7. Section 6.1 addresses only those 
supporting activities that will be conducted outside the formal SWMU 
boundaries but within the TA-49 au boundaries. 

6.1.2 Site Hydrogeologic Regulatory Requirements 

Section P of the Laboratory's RCRA Part B Permit (EPA 1990, 0306) requires 
comprehensive characterization of hydrogeological and geochemical properties 
relevant to contaminant migration in soil and rock units above the water table . 
Characterization is specified to include, but is not limited to, the following 
hydrogeological and geochemical information: 
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TABLE 6.1-1(a) 

SUMMARY OF PHASE I INVESTIGATIONS FOR THE TA-49 OU 

Area Surveys Discrete Samples 

Surface Subsurface Water 
(0 -6 in.) 

Benchmark Radiological Geophysical Numberot Number of Number of 
Surveys (ft2) (ft2) Samples Samples Samples 

13 12 12 

65,000 65,000 46 46 

214,100 500 66 26 

94,000 94,000 36 2 

13,000 21 

14,000 23 

94,250 101,250 123 

13 494,350 260,750 327 74 12 

(14.6 acres) (7.7 acres) 
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TABLE 6.1-1 (b) 

SUMMARY OF PHASE I INVESTIGATIONS FOR THE TA-49 OU (Continued) 

Boreholes 

Vertical (<50 ft) Vertical (>50 ft) Angled 

Number of . Total Number of Number of Total Number of Number of Total 
Description Holes Footage Samples Holes Footage Samples Holes Footage 

Baseline 

Area 11 15 138 46 

Area 6 9 125 26 

Area 5 2 20 2 

Area 10 

Area 12 

MDAAB 4 36 15 5 1850 195 2 800 

Total ~ 319 89 ~ 185C! 195 2 80D 
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TABLE 6.1-1 (c) 

SUMMARY OF PHASE II INVESTIGATIONS FOR THE TA-49 OU 

Area Surveys Discrete Samples 

Surface Subsurface Water 

Benchmark Radiological Geophysical Number of Number of Number of 

Description Surveys (ft2) (ft2) Samples Samples Samples 

Baseline 

MDAAB 60,000 60,000 115 138 

TABLE 6.1-1(d) 

SUMMARY OF PHASE II INVESTIGATIONS FOR CHAPTERS 6 AND 7 

Boreholes 

Shallow Vertical (>50 tt) Lateral 

Number of Total Number of Number of Total Number of Number of Total 
Description . Hole Footage Samples Hole Footage Samples Hole Footage 

Area 11 15 9 

MDAAB 4 600 138 
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Baseline Characterization 

TABLE 6.1-2 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE I FORTA-49 
BASELINE CHARACTERIZATION 

Number of Samplesa 

Analytical Samples 
QA Samples 

Rinsate blank 
Field duplicate 
Field blank 

Total number of samples 

Soil/Sediment 

9 

1 
1 
1 

12 

Groundwater 

9 

1 
1 
1 

12 

All samples will be field screened for alpha, beta. and gamma radioactivity. Where appropriate, and depending upon 
convenience and field laboratory availability. analyses will be performed in either the field laboratory or off-site analytical 
laboratory. Gamma spectrometry yields americium-241, cesium-137, and gross gamma radioactivity levels . 

Number of Laboratory Analyses 

Total uranium 
Isotopic plutonium 
Gross alphalbeta 
Gamma spectrometry 
Isotopic uranium 
RCRA metals 
Tritium 

Total number of analyses 

Other Characterization: 

Soil/Sediment 

12 
12 
12 
12 
12 
12 
12 

84 

Groundwater 

12 
12 
12 
12 
12 
12 
12 

84 

Level III 
Method 

ICPMS 
Alpha spectrometry 
Gas flow proportional counter 
Gamma spectrometry 
Alpha spectrometry 
SW6010 

Soil characteristics also will be determined for two samples, and surface field geologic work will be performed 
as described in Section 6.1 . 
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Section 6.1 Baseline Characterization 

• regional and facility-specific geological/hydrogeological 
characteristics affecting groundwater flow beneath the facility; 

• topographic features that might influence the groundwater flow 
system; 

• tectonic and cooling fractures within the tuff; 

• representative, accurate classification, and descriptions of 
hydrogeological units that may be part of the migration 
pathways at the facility (that is, the aquifers and any intervening 
saturated and unsaturated units). 

• structural geology and hydrogeologic cross sections showing 
the extent (depth, thickness, and lateral extent) of hydro-
geologic units that may be part of the migration pathways, 
identifying: 

unconsolidated sand and gravel deposits, 

zones of fracturing or channeling in consolidated 
or unconsolidated deposits, and 

ones of high or low permeability that might direct and 
restrict the flow of contaminants; 

• representative description of water level or fluid pressure 
monitoring; 

• manmade influences that may affect the hydrogeology of the 
site; and 

• geophysical information and remote sensing information such 
as infrared photography and LANDSAT imagery. 

Hydrogeologic investigations in Phase I of the TA-49 RFI will focus on Area 11 
and MDA AB because they contain the only T A-49 SWMUs known or strongly 
suspected to have SUbstantial levels of contaminants. Additional hydrogeologic 
investigations will be proposed in Phase II or under Framework Studies, if they 
are found to be necessary. RFI characterization activities for Area 11 and MDA 
AB are outlined in Section 6.2 and Chapter 7, respectively. 

6.1.3 Surface Characterization 

6.1.3.1 BackgroundlRationale 

Surface studies are an important component of the TA-49 RFI because surface 
water and airborne processes potentially can expose and transport 
contaminants to receptors. Selective site-wide TA-49 surface characterization 
will support SWMU-specific activities by: 

• providing indicator analyte background levels against which 
possible T A-49 SWMU releases can be compared, 
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Section 6.1 Baseline Characterization 

• providing additional confidence and documentation that 
contaminants have not been transported from TA-49 release 
sites to the boundaries of the QU, and in particular, to the 
boundary with Bandelier National Monument allowing the 
significance and potential of surface contaminant transport in 
the future to be evaluated more accurately, 

• 

• 
• 

determining the lateral and vertical variability in physiochemical 
properties related to surface transport, 

delineating surface water flow paths, and 

providing surface data to supplement subsurface structural 
information obtained from boreholes. 

6.1.3.2 Existing Baseline Information on T A-49 Soils and Sediments and 
Data Needs 

The extent of knowledge of the characteristics of T A-49 soils and sediments is 
discussed in Chapter 4 of this QU work plan. Although site soil types have been 
classified and mapped generally, little of the transport-related data specifically 
required in the Permit is available for any site soils, notably including those of 
Area 11 and MDA AB. 

Information on site background levels in surface media is primarily inferred from 
past data. These data are generated from 12 permanent sediment stations and 
2 soil stations (indicated on Figure 6.1-1), which have been sampled annually 
since about 1975 for the Laboratory's routine environmental surveillance 
program. The TA-49 sediment station network was designed to sample 
sediments from all the significant drainages leading from MDA AB. These 
measurements thus provide an upper limit on contaminant levels immediately 
downgradient from the surface over the largest known source term at T A-49. 

Tables 6.1-3 and 6.1-4 show analytical results for these sediment stations from 
the surveillance sampling in 1989 (ESG 1990, 0497). The results are typical of 
those reported approximately annually since about 1975 (see Appendix D). 
General observations on the analyte levels of T A-49 soils and sediments, based 
on the 1989 and earlier samplings, are presented here. 

• Cesium-137 was marginally above regional background at 
several stations. 

• 

• 

• 

Tritium and plutonium-238 were near regional background or 
the analytical detection limit at all stations, but plutonium-
239/240 significantly exceeded background at station A-3. As 
discussed in Chapter 7, above-background levels at station A-3 
are attributable to known radionuclide release from Area 2. 

Uranium and gross alpha levels in sediments from all 12 
stations were near regional background level. 

Total radionuclide concentrations at all 12 alluvial stations were 
far below the TRU action levels discussed in Section 5.1 of this 
au work plan. 

T A-49 Operable Unit RFI Work Plan 6.1 -7 May 1992 
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• 
Station 3H 

(10-6 mCi/ml) 

A-1 OA (0.3) 

A-2 0.1 (0.3) 

A-3 0.8 (0.3) 

A-4 0.7 (0.3) 

A-4A 0.4 (0.3) 

A-5 0.6 (0.3) 

A-6 0.7 (0.3) 

Baseline Characterization 

TABLE 6.1-3 

SUMMARY OF RADIOCHEMICAL ANALYSES OF SEDIMENTS 

COLLECTED IN 1989 FROM TA-4ga 

137Cs Total Uranium 238pu 239,240pu 

(pCi/g) (Ilg/g) (pCi/g) (pCi/g) 

0.31 (0.08) 4.2 (OA) 0.002 (0.002) 0.006 (0.002) 

0.59 (0.15) 3.2 (0.3) 0.009 (0.002) 0.074 (0.005) 

0.27 (0.08) 3.1 (0.3) 0.015 (0.010) 0.902 (0.033) 

0.86 (0.17) 2.7 (0.2) 0.002 (0.001) 0.016 (0.002) 

0.44 (0.09) 3.5 (0.3) 0.001 (0.001) 0.020 (0.002) 

OA9 (0.15) 3.2 (0.3) 0.001 (0.001) 0.014 (0.002) 

1.7 (0.27) 3.8 (0.4) 0.003 (0.001) 0.058 (0.004) 

Gross 
Gamma 

( counts/min/g) 

3.9 (0.5) 

3.4 (0.5) 

3.6 (0.5) 

3.0 (0.5) 

3.8 (0.5) 

4.1 (0.6) 

4.5 (0.6) 

.-7 0.5 (0.3) 0.16 (0.11) 3.3 (0.3) 0.001 (0.001) 0.002 (0.001) 3.7 (0.5) 

A-8 0.3 (0.5) 0.30 (0.09) 2.7 (0.3) 0.003 (0.001) 0.006 (0.001) 4.8 (0.6) 

A-9 0.1 (0.3) 0.20 (0.11) 3.3 (0.03) 0.002 (0.001) 0.008 (0.002) 4.3 (0.06) 

A-10 0.8 (0.3) OA7(0.11) 2A (0.2) 0.002 (0.001) 0.011 (0.002) 4.5 (0.6) 

A-11 0.0 (0.3) 0.39 (0.13) 0.9 (0.1) 0.001 (0.001) 0.004 (0.002) 1.2 (OA) 

Arithmetic mean 
0.5 0.52 3.0 0.003 0.093 3.7 

Regional background 
Soils 1.4 0.88(0.18) 3.8(OA) 0.003(0.003) 0.019(0.002) 10(1 ) 

&:litBis - 0.28(0.13) 3.2(0.3) 0.006(0.001 ) 0.006(0.001 ) 2.6(05) 

a Data are from Tables G·32 and G-62 of the Laboratory's 1989 ESG report (ESG 1990, 0497). Statistical upper limits of the 
analytical error are given in parentheses. Analytical quality level is approximately Level III (see Sections 5.3.2 and 5.7 of this OU 
work plan). Regional background levels are maximum observed levels for soils and sediments . 

• 
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Section 6.1 Baseline Characterization 

TABLE 6.1-4 • VOC AND SVOC ANALYSIS IN 1989 FOR TA-49 SOILS AND SEDIMENTSa 

Concentration Action Levelb Detection Limit 
Station Number (~glkg) (mg/kg) (~glkg) 

Carbon disulfide 
A-2 51 8000 (Table F-3, IWP) 2 
A-3 57 2 
A-6 35 2 
A-7 280 2 
A-8 84 2 
A-9 120 2 
A-10 49 2 
A-11 130 2 

Trichlorofluoromethane 
A-3 13 20,000 (Table F-3, IWP) 2 
A-7 16 2 
A-9 13 2 
A-11 21 2 

2-butanone 
A-3 95 4000 (Table F-3, IWP) 10 
A-4 32 10 
A-8 77 10 
A-10 71 10 

1.1.1-trichloroethene • A-3 12 64 (Table F-2, IWP) 10 
A-6 20 10 
A-7 50 10 
A-8 25 10 

4-methyl-2 pentanone 
A-5 14 4000 (Table F-3, IWP) 10 

p-isopropyltoluene 
A-5 11 2 
A-8 6 2 

Bis (2-ethylhexyl)phthalate 
A-2 470 2000 (Table F-3, IWP) 330 
A-3 2400 83 (Table F-2, IWP) 330 
A-4A 600 330 
A-7 410 330 
A-10 500 330 
A-11 510 330 

a Data are from Table 38 of the 1989 ESG report (ESG 1990, 0306). Analysis was conducted for 65 VOCs, 68 
SVOCs, 22 pesticides, 5 herbicides, and mixed PCBs. Only compounds that exceeded detection limits are listed 
above. Analytical quality level is approximately Level III (see Sections 5.3.2 and 5.7 of this OUwork plan). 

b Soil ingestion action levels are taken from Table F-3 (systemic toxicants) and Table F-2 (carcinogens) from 
Appendix F of the IWP. 
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In the 1989 sampling, levels of toxicity characteristic leaching 
procedure (TClP) metals from the 12 T A-49 sediment stations 
were found to be below TClP threshold values in all cases and 
below analytical detection limits in almost all cases. The 
concentrations of 22 pesticides, 5 herbicides, and mixed PCBs 
were below detection limits. 

Measured levels of priority volatile organic compounds (VOCs) 
and semi-volatile organic compounds (SVOCs) were found to 
be far below TCLP threshold criteria in all cases and below 
detection limits in the great majority of cases (Table 6.1-4). 
Levels slightly above detection limits were reported from some 
of the 12 stations for carbon disulfide, 2-butanone, and 1,1,1-
trichloroethene, p-isopropyltoluene, and 4-methyl-2-pentanone. 
The consistently low levels of these common laboratory 
chemicals over varied drainage areas, coupled with the 
improbability that any of these chemicals has ever been used at 
T A-49, suggests that inadvertent contamination probably 
occurred during the 1989 sample collection and analysis. In 
support of the hypothesis that these positive indications for 
some organics are artifacts, analysis of sediments collected at 
the 12 ESG sampling locations in 1990 did not show detectable 
quantities of those VOCs and SVOCs detected in the 1989 
sampling. 

The SVOC compound bis(2-ethyl-hexyl)phthalate was reported 
slightly above detection limits for sediments from six stations 
during the 1989 sampling. Phthalates are well-known 
ubiquitous contaminants (plasticizers) commonly found in the 
environment and are picked up frequently during analysis in the 
laboratory. The low (and remarkably similar) concentrations at 
five of the six stations suggest laboratory contamination. 
Phthalates were not observed in the 1990 sampling. 

In the 1990 sampling, the only target compound detected 
above detection limits was 1,2.4-trimethylbenzene (6 to 10 J.Lg/g 
in 10 of the 12 samples). Again, this suggests contamination 
during collection or analysis because of the consistent levels in 
all samples. 

Data from other TA-49 studies related to baseline contaminant levels are 
summarized below. 

• Monitoring of the two permanent soil sampling stations (stations 
S4 and S15 in Figure 6.1-1) in the vicinity of TA-49 over many 
years has shown radionuclide concentrations at or below 
regional background levels during every sampling round (ESG 
1990, 0497). Sediment and water samples from Water and 
Ancho Canyons, where State Road 4 intersects the two 
canyons approximately 2 miles downgradient from T A-49, have 
shown radionuclide levels near background levels or below 
detection limits (see Chapter 2 of the IWP). 
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Ha.~AltnA Characterization 

• In September 1982, an aerial radiological survey of TA-15 was 
performed that overlapped the northern portion of TA-49, 
including Areas 1, 2, 2A, 2B, 6, 10, and 12. This survey, which 
is especially sensitive for depleted uranium and cesium-137, 
failed to detect any surface contamination by man-made 
radioisotopes at TA-49 above 10 to 12 IlRlhr (within the range 
of regional background) (EG&G 1989, 03-0030). 

• A beehive is located within the meteorology complex in the 
southeastern portion of TA-49. Analysis of honey and bees 
from this hive for a wide range of metals and radio nuclides in 
1988 showed that analytes for all levels except chromium were 
at or below levels for hives maintained in the region (ESG 
1989, 0308). Chromium levels in honey and bees were a factor 
of 2 to 3 times regional background, but near the range for 
Laboratory-wide levels. 

6.1.4 Surface Baseline Characterization Plan 

6.1.4.1 Soils and Sediments 

During the initial TA-49 baseline characterization, seven surface soil and two 
sediment samples will be collected at an interval of 0-6 in. from spatially 
distributed locations well separated from TA·49 SWMUs (Figure 6.1-1). These 
locations will supplement the Environmental Surveillance Group's annual 
sampling at 14 established surface stations (also indicated in Figure 6.1-1) and 
will augment surface sampling at individual SWMUs, as described later in this 
chapter and in Chapter 7. 

The new soil sampling locations have been sited at Sizable distances from 
MDA AB to provide reasonable radial coverage from the main experimental 
area to the site's boundaries, especially to the south along the boundary with 
Bandelier National Monument (BNM). Data from these locations will provide 
confirmatory evidence that transport of detectable levels of T A-49 contaminants 
to the site periphery has not occurred. A second consideration in the selection 
of the new sampling locations was coverage of the principal soil types at T A-49. 

The two new sediment sampling points are sited further downgradient from 
existing stations near Areas 2 and 4, for which radionuclide concentrations 
above background have been reported in the past. These new stations will 
permit more accurate delineation and documentation of the extent of detectable 
contaminant transport from MDA AB. 

The RFI soil sample location 5 (see Figure 6.1-1) will provide an undisturbed 
Hackroy-series location for comparison with the disturbed Hackroy soils at 
Area 11 and MOA AB. For similar reasons, the Seaby Loam will be sampled at 
location 7. 

General soil characteristics also will be determined for the undisturbed Hackroy 
and Seaby Loam samples, as listed below: 
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Section 6.1 

• surface soil distribution; 

• ASTM soil classification; 

• transects of soil stratigraphy; 

• hydraulic characteristics including porosity, permeability, and 

• 
• 

conductivity; 

particle size distribution and surface area; 

moisture content; 

• mineralogical properties including chemical composition, ion 
exchange capacity, pH, indicator contaminant retardation 
factors, and clay and organic content; and 

• vegetative cover characteristics. 

In Phase I, soil and sediment background levels for the key TA-49 indicator 
analytes gross alpha/beta and gamma radioactivity, gamma spectrometry 
(including americium-241 and cesium-137), total uranium, isotopic plutonium, 
isotopic uranium, tritium, and ACAA metals will be determined at Level /II, as 
summarized in Table 6.1-2. It is probable that the Phase I investigation will yield 
sufficient baseline data on site soil and sediment characteristics for the 
purposes of the TA-49 AFI. However, if Phase I results are found to be 
inadequate, based on decision criteria discussed in Chapter 5, additional 
characterization will be carried out in Phase II. Phase II could involve vertical 
soil profiling by means of shallow pits and an east-west trench that extends a 
few feet into bedrock at TA-49. 

6.1.4.2 Geologic Base Map 

Although Weir and Purtymun prepared a geologic map of TA-49 in 1962 (see 
Appendix G of this au work plan), as was discussed in Subsection 4.5.1 of this 
au work plan, this work is not completely consistent with more recent studies 
and does not address important structural characteristics (for example, faults 
and fractures) in sufficient detail for the purpose of the TA-49 AFI. Additional 
data is necessary to fonrn the basis for correlation of hydrogeologic units and 
the extrapolation of hydraulic properties relevant to modeling the movement of 
water in the vadose zone beneath MDA AB. By incorporating new data from the 
TA-49 AFI, as well as other information that was not available in 1962, the 
hydrogeologic map of T A-49 will be updated. 

Surface geologic field work will be carried out at the TA-49 au and at 
outcroppings in adjacent canyons to supplement data that will be obtained from 
boreholes. The geologic map will be updated as additional information is 
obtained during the AFI and will summarize existing baseline geologic 
information to support subsequent site characterization that may be required. 
The map will show the distribution of T A·49 rock units and surficial materials as 
well as the orientation and dip of contacts, bedding planes, foliations, faults, and 
other discontinuities. The map also will show the lateral extent and thicknesses 
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Section 6.1 Baseline Characterization 

of rock units and major subunits, including their relative offsets, orientations, • 
and fracture density. The TA-49 soil maps shown in Figures 4.3-1 and 4.3-2 will 
be updated as additional information is obtained during the RFI. 

6.1.4.3 Geomorphic Characterization 

Geomorphic characterization of Frijoles Mesa will identify significant erosional 
processes that may compromise T A-49 SWMUs over varied time scales. This 
characterization will generate a 1 :3600 scale map emphasizing erosion and 
deposition areas relevant to MDA AB and Area 11. This map will include 
landforms and drainage patterns, sites of active and potential erosion, and 
potential infiltration areas. It also will indicate soil series, colluvium and artificial 
fill, and the degree of soil profile development. 

6.1.4.4 Lateral Groundwater Discharge Points 

Although no springs and seeps are currently known at TA-49, a search will be 
conducted by field geologic teams during the spring and summer months when 
flow on the Pajarito Plateau is greatest. The search will include areas of unusual 
vegetation that may indicate above-normal amounts of subsurface water. The 
bedrock and geomorphic characteristics will be determined at any site of 
groundwater emergence. In addition, geomorphic features such as 
amphitheater-shaped alcoves Will be examined to identify potential sites of 
significant groundwater emergence during periods of wet climactic conditions. • 
Water from any springs or seeps encountered will be analyzed for the water 
quality parameters indicated in Table 6.1-5. 

6.1.4.5 Benchmark Resurveying 

Errors up to several hundred feet are known to exist in the Laboratory's 
engineering survey data base for TA-49 benchmarks. Therefore, these 
benchmarks will be resurveyed by global position satellite or standard land 
surveying techniques to an accuracy of at least 1 ft (vertical and horizontal). 

6.1.5 Subsurface Characterization 

6.1.5.1 BackgroundlRationale 

The available data discussed in Chapter 2 of the IWP suggests that, in general, 
infiltration through the vadose zone is not a pathway of immediate concern for 
Pajarito Plateau mesa tops. However, additional vadose zone characterization 
is a crucial investigative focus of the TA-49 RFI because of the large inventory 
of TRU wastes buried at MDA AB, the extremely long period of time over which 
they will remain hazardous, the anomalous occurrence of water in Core Hole 2, 
and the relative lack of subsurface characterization to detect potential • 
contaminant movement. Vadose zone characterization also is important 
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TABLE 6.1-5 

ANAL YTICAL SUITE FOR TA-49 WATER SAMPLES COLLECTED 
FROM DEEP WELLS, SEEPS, PERCHED ZONES, AND ROCK PORES 

aMajor Anions 
Bicarbonate 
Chloride 
Sulfate 
Fluoride 

Nitrate 
Nitrite 
Nitrate and nitrite 
Phosphate 

aMaior Cations 
Ammonium 

Calcium 
Magnesium 
Sodium 
Silica 

aRadionuclides 
Gross alpha/beta 
Gamma spectrometry 
Isotopic uranium 

Isotopic plutonium 
Isotopic americium 

Other Parameters 
Total organic carbon 
Total dissolved organic carbon 
Total suspended solids «10 j.!m) 

aField-Measured Parameters 
Temperature 
pH 
Eh 
Specific conductance 
Carbonate 
Alkalinity 
Dissolved oxygen 

a*lncluded in the reduced suite of analytes. 
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Minor and Trace Constituents 
Aluminum 
Antimony 
Arsenic 
Barium 

aBeryllium 
Boron 
Bromide 
Cadmium 
Chromium 
Cobalt 

Copper 
Iron 

aLead 
Manganese 
Mercury 
Molybdenum 
Nickel 

Selenium 
Silver 
Strontium 
Thallium 

aUranium 
Vanadium 
Zinc 

Environmental Isotopes 
Hydrogen/deuterium ratio 
Oxygen-16/0xygen-18 ratio 
Low-level tritium 
Chlorine-36 

Low-level plutonium 
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Baseline Characterization 

because capping-in-place with in-situ stabilization and long-term maintenance • 
and monitoring is a likely conditional remedy for MDA AS. 

Thus. an important data gap for TA-49 involves hydrogeochemical data to 
improve the understanding of vadose zone processes immediately beneath 
MDA AS. as described in Chapter 4. The proposed baseline subsurface 
characterization will support the characterization activities within MDA AS, as 
addressed in Chapter 7. 

6.1.5.2 Existing Information 

As discussed in detail in Chapter 4 of this OU work plan, earlier studies 
(1959 - 1961) of experimental holes and cores at TA-49 provided a 
considerable amount of geotechnical information on the vadose zone at T A-49. 
However. as described in Subsection 4.5.1, some subsurface structure 
interpretations in the earlier studies are not completely consistent with current 
understanding of the Pajarito Plateau geohydrology. 

Additionally, sufficient coring has not been conducted to fully establish the 
variability of subsurface structure over the site, particularly at depths below the 
shaft bottoms at MDA AS. For example, there are substantial uncertainties 
regarding the existence and/or significance of a fault zone under MDA AS. Also, 
core samples from the earlier investigations are no longer available for the 
detailed geotechnical characterization of the vadose zone beneath MDA AS 
now required. Surface investigations alone are inadequate for this purpose 
because fault zones of the Pajarito Plateau typically occur in "swarms" with • 
small individual displacements and therefore often are not obvious in the field. 

6.1.6 Subsurface Characterization Plan 

6.1.6.1 Approach 

Subsurface characterization at TA-49 will be carried out in two phases. During 
Phase I, 700-ft vertical boreholes and lateral coreholes beneath Areas 1 and 2 
of MDA AS will be drilled. The rationale for the location and number of these 
boreholes and the characterization to be performed, as well as other Phase I 
studies to be conducted within the boundaries of MDA AS. are described in 
Chapter 7. The result will be a network of boreholes and core samples providing 
direct information on water and contaminant movement, hydraulic properties. 
and the significance of fracture systems beneath TA-49. The Framework 
Studies and Environmental Surveillance Groups are involved in planning these 
activities to ensure that the resulting data is cost effective and of the maximum 
utility for the entire Laboratory ER program. 

Subsurface baseline studies at TA-49 will address the transport-related 
geologic, geochemical, and hydrologic properties of geologic units that 
presently contain waste or that lie between waste disposal sites and the main 
aquifer. The borehole network will address the following issues for the vicinity of • 
MDA AS (where the principal source term exists): 
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confirmation that significant perched water zones are not 
present beneath MDA AS; 

confirmation that deeply buried contaminants in the 
experimental shafts have not moved significantly beyond the 
originally contaminated zones; 

determination of vertical and lateral changes in stratigraphy and 
lithology to a depth of 700 ft; 

determination of subsurface hydraulic, geochemical, and 
mineralogical properties needed to model transport of water 
and contaminants in the upper vadose zone; 

characterization of faults, fractures, partings, stratigraphie 
contacts, welding zones. and similar structural features; 

identification of potential natural barriers to, and conduits for, 
contaminant transport; and 

determination of the origin, age, and recharge flux of vadose 
zone fluids. 

Baseline Characterization 

As described in Chapter 7. standard field protocols described in ER SOPs will 
provide appropriate data quality levels for geologic field work. Level III 
techniques will· be required for analysis of soils, sediments, cores, and 
groundwaters. 

Core samples coilected during the TA-49 RFI will be archived for subsequent 
• chemical, physical, and mineralogical analyses, as appropriate. 

• 

6.1.6.2 Stratigraphie Sections 

During the Phase I TA-49 baseline geologic investigation, hydrostratigraphic 
data will be compiled on the following: 

Within cooling units 

• Welded tuff/nonwelded tuff 

• Zeolitic zones 

• Lithic-rich zones 

• Dense, competent tuff 

• Fractured, jOinted tuff 

• Open fractures, joints 

• Mineral coatings on open surfaces 

• Clay-filled fractures, joints 

Stratigraphic contacts between contrasting lithologies 

• Weathered tuff 

• Cooling units 
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• Surge deposits 

• Pumice and ash-fall deposits 

Sediments 

• 
• 
• 

Fluvial sands, gravels, and cobbles 

Lacustrine fine sand, silt, and clay 

Inter-layered alluvial, ash flow, and ash - fall deposits 

At least two detailed stratigraphic sections will be prepared for TA-49 and will be 
correlated with hydrologic properties to model movement in the vadose zone. 
These sections will incorporate data from past studies of upper Bandelier Tuff 
outcrops and boreholes at and around Frijoles Mesa, as well as from new 

studies proposed in the TA-49 RFI. The stratigraphic sections will detail: 

• lithologies, stratigraphic contacts, welding and devitrification 
features; 

• 
• 

• 
• 

zones of vapor-phase crystallization; 

major hydrogeological subunits, where matrix and fracture 
properties could control the movement of moisture and 
contaminants; 

cooling jOints and tectonic fractures and their orientations; and 

Secondary minerals and filling materials in fracture zones and 
joints from selected core segments, to characterize their 
potential role as mineralogic barriers to upper vadose zone 
contaminant migration. 

The permeable surge deposit that composes stratigraphic Unit 5 will receive 
particular attention because it lies at the level of the major source term at MDA AB. 

6.1.6.3 Additional Deep Test Well Near TA-49 

Contingent upon the results of Phase I investigations and according to the 
decision process outlined in Chapter 5, a deep bore hole into the main aquifer in 
the vicinity of TA-49 may be proposed in Phase II of the TA-49 RFI. The 
purposes of an additional deep well at or near TA-49 would be consistent with 
recommendations of the recent· ER-sponsored external review of the 
hydrogeology of the Laboratory site (Kearl et al. 1991, 0652) and would allow 
several issues pertinent to the TA-49 au to be addressed. 

• 

• 

Deep core sections would be available to refine stratigraphic 
sections for deep-lying epiclastic rocks in the Cerro Toledo 
rhyolite and fluvial sedimentary rocks that occur in the Puye 
Formation and the Santa Fe Group. 

Better definition of groundwater flow direction beneath TA-49 . 
would be possible. 
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• An additional deep aquifer station would be available for 
monitoring groundwater quality in the main aquifer. 

Better flow definition is desirable because at present, flow directions are 
extrapolated using data from the cluster of three wells at TA-49 (the only wells 
along the southern periphery of the Laboratory), springs in White Rock Canyon, 
and deep wells along the northern boundary of the Laboratory. Although the 
potential for contamination of the main aquifer is very smaJl, even a smaJl 
realignment of the currently assumed flowpaths could project groundwater flow 
from T A-49 toward BNM. 

Figure 4.4-2 shows the locations of existing core holes at T A-49. The precise 
siting of a new deep well near T A-49, if required, would be determined in part by 
the results of the TA-49 Phase I RFI. The Laboratory-wide Framework Studies 
Environmental Surveillance groups, and RFI activities at adjacent aus, will play 
important roles in determining both the location and specific measurements to 
be carried out at such deep wells. 

6.1.6.4 Characterization of Groundwater and Vadose Zone Water 

Throughout Phase I, groundwater samples will be collected from deep test wells 
DT-SA, DT-9, and DT-10 on an annual basis and will be analyzed for the 
parameters listed in Table 6.1-S. In addition, any perched or spring waters or 
seeps that may be encountered in the RFI will be sampled on a quarterly basis 
for the duration of the T A-49 RFI. If no contaminants are found in the two initial 
samplings, the quarterly samples will be analyzed for a reduced analytical suite 
judged to provide adequate indication for significant change in groundwater 
quality. (The reduced suite is indicated in Table 6.1-S.). Level III analysis is 
required to ensure that the data collected are of sufficient quality for subsequent 
risk assessment. 

Pore water from core sections obtained beneath Areas 1, 2, 3, and 4 also will 
be coliected and analyzed as described in Chapter 7 . 
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6.2 AREA 11 - RADIOCHEMISTRY AND SMALL-SCALE SHOT AREA 

Description, Data Needs and Objectives, and Sampling Plan for: 
- SWMU 49-003 (radiochemicalleachfield) 
- SWMU 49-008(c) (surface contamination) 

6.2.1 Introduction 

Section 6.2 describes Area 11 of TA-49, which includes SWMU 49-003 
(a radiochemistry leachfield), SWMU 49-008(c) (soil contamination), and the 
small-scale shot area. The objectives of the field investigation and the detailed 
sampling plan also are described in this section. Summaries of samples and 
analyses for Area 11 field investigations are given in Tables 6.2-1 of this 
chapter and Tables E-2(a) and E-2(b) of Appendix E. 

For Area 11, data are needed primarily to define the distribution and extent of 
contaminants in surface and near-surface soils. A conceptual model for 
Area 11, including potential transport pathways and receptors, is identified in 
Section 4.11 of this OU work plan. The principal potential contaminant-migration 
pathway is erosion (aerial resuspension and surface water runoff). However, the 
significance of infiltration from small radioactive liquid releases in the past also 
will be investigated. Although highly localized contamination above action levels 
may well be present in the leachfield, the likelihood of transport of significant 
levels of contaminants from Area 11 in the near term is considered unlikely for 
the following reasons: 

• 

• 

• 

• 
• 

Area 11 is located on a relatively flat portion of Frijoles Mesa, 
minimizing runoff; 

the depth to the main aquifer is about 1200 ft and there are no 
. aquifers known or expected in the area; 

the distance to potential off-site receptors is large for the 
assumed exposure scenarios and no credible pathways are 
known; 

access and use of the site is strictly controlled; and 

a relatively low inventory of contaminants is anticipated at 
Area 11. 

For these reasons, the likelihood for significant impact to public health or 
environment from Area 11 contaminants is minimal over the assumed 
institutional time frame of 100 yr. The near-term concern caused by 
contamination in Area 11 is the potential for runoff dispersal of very low (but 
above background) radionuclide levels downgradient, thus complicating the 
interpretation of environmental data from other areas of T A-49. 

The criteria for preliminary identification of potential response actions at Area 11 
are presented in Chapter 5. Site capping and stabilization (accompanied by 
long-term institutional control, monitoring, and maintenance) and selective 
removal/disposal of soil hot spots and contaminated near-surface debris, are 
identified as the most likely remedial alternatives. Installation of a sediment trap 

T A-49 Operable Unit RFI Work Plan 6.2 ·1 

Section 6.2 

May 1992 



Section 6.2 Radiochemistry and Small-Scale Shot Area 

TABLE 6.2-1 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE I INVESTIGATIONS 
FOR AREA 11 [SWMUS 49-003 AND 49-008 (c)] 

Number of Samplesa 

Soil Borehole 
Sample Sample 

Analytical samples 40 40 
QA/QC samples 

Rinsate blank 2 2 
Field duplicate 2 2 
Field blank 2 2 

Total number of field samples 46 46 

aRoutine field survey instruments will be used to screen for gross alpha and beta contamination. HE spot tests will 
be used to screen cores from the small-scale shot area. Where appropriate, and depending upon convenience and 
field laboratory availability, analysis of Area 11 samples will be performed in either the field laboratory or off-site 
analytical laboratory. Gamma spectrometry will yield gross gamma; americium-241, and cesium-137 levels. 

Number of Laboratory Analyses 

Total uranium 
Isotopic plutonium 
Gross alphalbeta 
Gamma spectrometry 
SVOCs 
HEs 
RCRA metals 

Total number of analyses 

Other Characterization: 

Number of boreholes = 15 
Linear feet of core = 138 

Soil 
Sample 

23 
23 
46 
46 
a 
a 

23 

161 

Borehole Level III 
Sample Method 

23 ICPMS 
23 Alpha spectrometry 
46 Gas flow proportional counter 
46 Gamma spectrometry 
39 SW 8270 

2 Baytos 1991, 0741 
23 SW 6010 

202 

Radiological and geophysical surveys will be conducted over an area of 65,000 ft2. 
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to intercept runoff immediately downgradient from the leachfield also is a 
possibility. Because Area 11 is encompassed by components of MDA AS, it is 
likely that Area 11 and MDA AB will continue to be managed together for the 
indefinite future. Thus, the degree of characterization and the selection of 
remedial actions for Area 11 are logically considered jointly with those of 
MDA AB. 

6.2.2 Description and Site History of Area 11 

The general location of Area 11 within TA-49 is given in Figure EXEC-3. A 1961 
site diagram of Area 11 is given in Figure 6.2-1 and a recent low-altitude 
photograph across Area 11 is given in Figure 3.1-2(c). As Appendix A shows, 
the land surface gently dips to the east from Area 11 so that runoff is primarily 
directed from Area 11 toward Area 2. 

Significant Laboratory use of Area 11 was limited to activities related to the 
hydronuclear program at TA-49 from 1959 to 1961 (Purtymun and Stoker 1987, 
0204). Area 11 activities during that period consisted exclusively of limited 
radiochemistry operations and small-scale containment experiments involving 
HE detonations in shallow shafts (where indicated in Figure 6.2-1). 

Area 11 was used first for small-scale containment experiments involving 
approximately thirteen 10-in.-diameter by 12-ft-deep vertical holes that were 
cased in steel (Figure 6.2-2). Explosive charges were set off at the bottoms of 
the holes, usually after backfilling the holes with sand to contain the explosive 
force. In some of the shots, irradiated uranium-238 tracer was employed. 
According to Laboratory records, a maximum of 10.5 g of uranium was used for 
this purpose and the irradiated samples are estimated to have contained initially 
only microcurie levels of neptunium-239. Neptunium-239 has a half-life of only 
2.3 days and thus has decayed completely to negligible levels of plutonium-239 
(Minor 1991, 03-0034). Some of the shot holes also may have contained small 
quantities of lead. Some holes probably were backfilled partially with concrete at 
the conclusion of the experiments. Two capped holes with 10-in. casing that 
extends above ground are visible in this area at the present time. 

Radiochemistry operations were performed in Area 11 in structure TA-49-15, 
located where indicated in Figure 6.2-1. This building contained hoods and 
sinks for performing radiochemical operations. Eventually, a drain line was 
installed to connect the radiochemistry building to a leachfield located a few feet 
to the east. One site employee recalled that the drainline extended from the 
southwest portion of the bUilding. Small quantities of liquids may have been 
discharged to the soiL beneath the building before the drainline was connected 
to the leachfield. The subsurface leachfield and associated pipes remain in 
place and now constitute SWMU 49-003. The approximate location of the 
leachfield now is marked by signs labeled "TA-49-15 Drain Field." Other 
structures in this area were support facilities that did not involve hazardous or 
radioactive materials. 

The structures shown in Figure 6.2-1 were located on a level, elevated 
construction pad created by backfilling the natural area with clean, crushed tuff 
(Eller 1992, 03-0035). Inspection of laboratory notebooks and interviews of 
radiochemists and health physiCists who worked at Area 11 indicate that 
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FIGURE 6.2-1 Engineering diagram of Area 11 around the period of peak site activities. Former 
structure numbers are indicated with their number designations (adapted from 
engineering drawing ENG-R2486, 8/15/61) 
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LAYOUT OF TEST HOLES 

DATA: 

HOLE: #6 10" 1.0 8' 8" DEEP 
#7 10" 1.0 12' 0" DEEP 
#8 
#9 

Section 6.2 

• HOLE LOCATION 

12' 

#11 • .. ~ 
1 

12' 

#12 • 
"I 

#10 - SEE SKETCH -12' 0" DEEP -10" CASING GROUTED IN PLACE 
#11 
#12 

CAP 

GROUND LEVEL 

24" DIAM. HOLE 
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Figure 6.2-2 Layout and hole construction information for the small-scale shot area (adapted from Laboratory 
Engineering drawings) . 
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radiochemical wastes were limited in quantity and were mostly collected in • 
containers for disposal at a Laboratory radioactive waste disposal facility. Total 
radioactivity involved in Area 11 radiochemistry operations is estimated to have 
been less than 10 mCi of TRU, and levels of fission products were much lower 
(Barr 1991, 03-0001). 

The radiochemistry operations consisted of initial acid dissolution (by nitric, 
hydrochloric, hydrofluoric, sulfuric, and perchloric acids) of solid residues 
recovered from experiments conducted in Areas 2, 2A, 2B, and 4. Quantities of 
acids were limited to a few tens of liters or less per dissolution. Solvent 
extraction involved only several liters or less of methylisobutyl ketone, 
ammonium hydroxide, and sodium hydroxide. Small quantities of 8-
hydroxyquinoline also were used for chemical separation. Area 11 
radiochemical wastes also consisted of low levels of plutonium, americium, 
uranium, cesium-137, and possibly minor amounts of other alpha, beta, and 
gamma emitters. Beryllium and lead were present in very limited amounts. 

Most Area 11 waste solutions were drained into containers that were taken to a 
Laboratory radioactive waste disposal facility. However, it is likely that small 
quantities of very low level radionuclide solutions were discharged to the soil 
outside the radiochemistry laboratory. Waste radiochemical solutions 
sometimes were placed in bottles for interim storage in a steel box at the 
location indicated in Figure 6.2-1. The box was removed from TA-49 during or 
before cleanup of Area 11 in 1971. 

The precise location and details of ·the underground distribution system of the 
leachfield are unknown but the location is estimated in Figure 6.2-1. The • 
estimate is based partially on interviews of the construction engineer who 
installed the field. The engineer stated that the underground distribution system 
most likely was constructed of terra cotta pipe laid in a gravel matrix (Eller 1992, 
03-003S). Additional information was obtained from Laboratory documents, 
including a 1971 report that describes the field as a "settling area 20 to 25 ft 
east of T A-49-1Sft (Eller 1992, 03-0002). Former site radiochemists have 
estimated that less than so gal of organics and less than several hundred gal of 
water could have been discharged into the leachfield during the entire period of 
operation (Penneman 1991, 03-0048). 

In 1970 and 1971, Area 11 radiochemistry structures were decontaminated, 
demolished, and removed (Eller 1992,.03-0002). Contaminated eqUipment, 
debris, and chemicals were packaged and sent to TA-S4 for disposal. All 
eqUipment and building debris found to be free of contamination by field 
instruments used at the time were taken to the open burning/landfill area in 
Area 6. Approximately 2160 ft3 of material went to this disposal area, which was 
then covered with about 3 ft of topsoil. 

Butane tanks TA-49-16 and TA-49-56 (both above-ground tanks) were shown to 
be free of radiological contamination and were taken to the Laboratory salvage 
yard (Eller 1992, 03-0002; Eller 1992, 03-0035). 

During removal of the Area 11 radiochemistry building in 1971, typical maximum 
alpha contamination levels ranged from 10,000 cpm (sinks) to more than • 
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100,000 cpm (hood ducts and blowers), but roofs and other exterior surfaces 
were found to be essentially free of detectable contamination (Eller 1992, 03-
0002). 

During the operations from 1959 to 1961, and during the 1971 cleanup, 
extensive and frequent field monitoring for gross alpha, beta, and gamma 
radioactivity was conducted. Available information indicates that levels of 
contamination of concern at that time were not detected except for the Area 11 
structures as described above). Additional information on the Area 11 cleanup 
in 1971, including structure-contamination levels and demolition photographs 
are available in a detailed report (Eller 1992, 03-0002). 

During a reconnaissance investigation in 1987, alpha contamination was 
detected in pipes leading to the leachfield (DOE 1987,0264). Soil samples were 
taken from the leachfield during a DOE environmental survey in 1988, in which 
~he leachfield was identified as a prototypical Laboratory environmental problem 
(DOE 1989, 0450). The soils were found to contain above background levels of 
uranium, plutonium, americium, and alpha radioactivity but little detail was 
contained in the survey report. 

Contamination of Area 11 soils potentially has occurred from airborne transport 
of low levels of radionuclides from Areas 1 through 4. However, because of the 
isolated and very limited nature of such potential releases, contamination levels 
at Area 11 resulting from this mechanism are expected to be undetectable. 

Currently Area 11 is within the locked exclusion fence that surrounds Areas 1, 
2, 2A, 2B, and 4 of MDA AB. Access also is controlled by the locked gate at 
State Road 4, which limits ingress and egress at T A-49. 

The extent of surface and subsurface contamination in the radiochemical 
leachfield has not been determined precisely, but based on the historical 
information summarized above, contaminant inventories are expected to be 
localized and limited in quantity. Only limited surface soil sampling has been 
conducted at Area 11, and no subsurface sampling has been carried out. 

6.2.3 Additional Information on Potential Source Terms at Area 11 

The most intensive study of Area 11 contamination was carried out in 1987 as 
part of the A411 survey discussed in Section 5.3.2 of this au work plan. During 
this survey, soil and vegetation samples were collected in the general area 
formerly occupied by the radiochemistry building (Soholt 1990, 0698). Analytical 
results for radionuclides are summarized in Table 6.2-2. Figure 6.2-3 shows 
sampling locations and measured levels of plutonium-239/240 in Area 11 
surface soils. 

Apparently because of errors in the Laboratory's survey database, an 
adjustment of several hundred feet was necessary to make the plots in the 
A411 survey agree with field notebooks and A411 survey stakes remaining in 
Area 11. It appears that the A411 survey sampled only the construction pad and 
the westemmost edge of the presumed leachfield area . 
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TABLE 6.2-2 

SUMMARY OF 1987 A411 SURVEY RESULTS FOR AREA 11 

Radionuclide Soil 

(22 samples) 

Cs-137 (pCi/g) 
Mean 0.38 
Std dey 0.30 
Number of samples 20 

Total Uranium (Ilgig) 
Mean 4.1 
Std dey 1.73 
Number of samples 20 

Pu-238 (pCi/g) 
Mean 0.140 
Std dey 0.542 
Number of samples 20 

Pu-239/240 (pCi/g) 
Mean 7.52 
Std dey 26.9 
Number of samples 20 

Am-241 (pCi/g) 
Mean 1.39 
Std dey 4.96 
Number of samples 20 

Area 11 8 

Vegetation 

(20 samples) 

1.17 
0.73 

19 

0.44 
0.26 

20 

0.001 
0.001 

20 

0.046 
0.065 

20 

0.164 
0.192 

20 

Regional Soil Background 

0.88 
0.18 

3.8 

0.4 

0.003 
0.003 

0.019 
0.002 

aArea 11 data are from the 1987 A411 report (Soholt 1990, 0698). Background levels are maximum values from 
Table G·32 of the 1989 ESG report (ESG 1990, 0497). Analytical quality level is approximately Level III 
(see Sections 5.3.2 and 5.7 of this au work plan). 
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Section 6.2 Radiochemistry and Small-Scale Shot Area 

Radionuclide levels were near background for most sampling locations, • 
but activities of total uranium, plutonium-238, plutonium-239/240, and 
americium-241 were above background for a few samples. 

The most elevated radioactivity by far was associated with a sample location 
near the east edge of the former radiochemistry building, possibly where the 
sink drain was located (see Figure 6.2-3). Contamination levels at this sampling 
point were 121 pCi/g (plutonium-239/240), 22 pCi/g (americium), and 2.4 pCVg 
(plutonium-238). Figure 6.2-3 clearly shows the highly discontinuous distribution 
of radioactive contaminants in Area 11, as has typically been observed at other 
TA-49 SWMUs, and as discussed later in this chapter and in Chapter 7. The 
total radionuclide level averaged over the sampling stations is about 0.6 pCi/g 
(when the elevated station is excluded), well below the TRU action levels in 
Section 5.1 of this OU work plan. 

During the A411 survey, levels of radionuclides were determined for 20 
vegetation samples collected from Area 11 (Table 6.2-2) and were found to be 
unexceptional. Statistical comparisons of mean activities in soils and vegetation 
suggested poor correlations between the two media (Soholt 1990, 0698). 

In May 1991, a geophysical survey of Area 11 was performed using 
magnetometry, as well as electromagnetic and ground-penetrating radar 
techniques (Geophex 1991, 03-0031). Figure 6.2-4 displays an interpretive 
sketch of Area 11 based on these measurements. Additional technical 
information on the geophysical survey are given in Appendix 0 of this OU work 
plan. In the likely location of the leachfield, the survey results suggested near- • 
surface piping and electrically conductive areas possibly related to subsurface 
chemical contamination or elevated moisture levels. The survey also confirmed 
the location of some buried metal in the small-scale shot area. Other portions of 
the area surveyed appeared to be entirely free of artifacts. 

6.2.4 Data Needs and Objectives and Investigation Rationale 

The overall objective of the field investigation at Area 11 is to determine the 
feasibility of unrestricted Laboratory use, subject to general site restrictions from 
continued use of T A-49 as a firing site buffer zone and its management with 
MDAAB. 

The key field objective is the determination of the distribution and level of 
contamination in the surface and subsurface, particularly in the leachfield area. 

Based on existing information described above and in preceding chapters of 
this OU work plan, the observational approach implies that Area 11 
characterization needs are limited to those that directly address the following 
decision questions: 

Do contaminants of concern exist above action levels, other 
than in the leachfieldsubsurface? 

What is the vertical and lateral extent of contamination above 
action levels in the leachfield? • 
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Section 6.2 Radiochemistry and Small· Scale Shot Area 

Given the contamination levels and site properties, are runoff 
and infiltration significant transport mechanisms for the 
leach field? 

A single phase of investigation probably will be adequate to answer the 
first decision question. If the answer is negative, no further action will be 
proposed and the RFIICMS will cease for portions of Area 11 
addressed by this question. 

The second decision question also might be answered in Phase I, but 
uncertainties are greater than those for the first question. Therefore,a second 
investigation phase is assumed to be necessary, for planning purposes, to 
adequately define the subsurface plume. 

The answer to the third decision question is likely to be negative in Phase I, but 
it is closely related to the second question. 

A combination of geophysical surveys, surface area radiological surveys, and 
Level III analysis of discrete surface and sUbsurface samples is proposed to 
answer the first and second questions. Limited characterization of soil and 
corehole characteristics is used to answer the third question. Specific data 
objectives for Area 11 include the efforts below. 

• 

• 

• 

• 

• 

Surveys of surface soils to detect radiological hot spots will 
cover at least 90% of the area indicated in Figure 6.2-5. This 
survey will be supplemented by Level III analysis for 
radionuclides and RCRA metals for planned grid samples and 
any hot spots discovered by the surveys. 

Soil samples from a network of shallow coreholes at the 
expected leachfield area will be collected and analyzed as 
described for surface soils, in addition to SVOCs. 

Hydrogeochemical properties pertinent to potential contaminant 
transport will be determined for selected soil and near-surface 
tuff samples from the leachfield area. 

Borehole samples from representative small-scale shot holes 
will be collected for Level III analysis of radionuclides and 
metals. If spot tests indicate the presence of HEs, Laboratory 
analysis for HEs also will be performed. 

A shallow core sample and a surface sample will be collected 
at the former location of the steel box used for interim storage 
of containers filled with radiochemistry waste solutions. Level III 
analysis will be carried out for radionuclides, metals, and 
SVOCs. 

Based on the relatively detailed historical information on past uses of Area 11, 
the sampling rationale assumes that a limited set of analytes is sufficient to 
define areas of contamination through direct surface and subsurface sampling. 
It is further anticipated that surface contamination will be highly discontinuous 
(see Figure 6.2-3) but that subsurface leachfield contamination will be relatively 
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Radiochemistry and Small-Scale Shot Area 

continuous (although restricted to a small area) because it originated from small 
liquid discharges. 

6.2.5 Sampling Plan 

The QA/QC field samples for the Area 11 investigation are listed in Table 6.2-1 
of this section and Table E-2 of Appendix E. Surface sample and borehole 
locations will be surveyed by standard land surveying methods to an accuracy 
of at least 1 ft. (vertical and horizontal). 

6.2.5.1 Area 11 Surface Soils Survey [SWMU 49-008(c)] 

Characterization of Area 11 surface contamination will begin with radiological 
surveys of at least 90% of the area over the leachfield area, the construction 
pad that formerly supported Area 11 structures, and the small-scale shot area, 
as is indicated in Figure 6.2-5. The radiological survey will use either hand-held 
or tripod-mounted detectors or a mobile gamma spectrometry system of the 
type employed by the DOE Remote Sensing Laboratory (operated by EG&G
Las Vegas) for site-wide radiological surveys. If hot spots are detected, a 
FIDLER, PHOSWICH, or equivalent system will be used to precisely locate the 
hot spots and soil samples will be collected. A description of these survey 
instruments, including detection limits for target radionuclides, is given in 
Section 4 of Appendix C and in Appendix F of this au work plan. To determine 
spatial variability, additional samples will be collected 1 m laterally from and at a 
depth of 6 to 12 in. below the hot spots. 

In addition to samples of hot spots, surface soil samples will be collected on 
a 20- by 20-ft mesh square grid over the leachfield area, as indicated in 
Figure 6.2-5. This mesh was chosen because it provides reasonable spatial 
sampling resolution of the potentially contaminated leachfield area that 
ultimately might be excavated. This grid spacing also is compatible with the 
assumed separation of the subsurface distribution lines (approximately 10ft). 
Separate surface soil samples will be collected at the leachfield borehole 
sampling pOints. 

For surface soil samples, gross alpha, beta, and gamma spectrometry 
measu rements (using either the field laboratory or an off-site analytical 
laboratory) will be conducted for all samples collected. One-half of these 
samples, plus all samples for which above-background levels of these analytes 
are indicated in the field laboratory, also will be analyzed in an analytical 
laboratory for isotopic plutonium, total uranium, and RCRA metals at Level III. 

6.2.5.2 Leachfield Drainlines 

As appropriate, drainlines located by the 1991 geophysical survey will be 
removed as VCAs (see Section 2.10 of this au work plan). At least one soil 
sample associated with each 1 O-ft section of pipe will be collected and analyzed 
at Level III by the process described for Area 11 surface soils. Based on 
available information, 10ft is judged as a typical length of piping (that is, 
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Radiochemistry and Small-Scale Shot Area 

distance between joints) and sampling at 10-ft intervals is judged to be 
adequate for the purposes of the investigation. Based on the 1991 geophysical 
survey, about 10 samples of this type will be required. After it is believed that all 
the piping has been removed, a geophysical survey will be repeated over the 
leachfield area to locate any remaining near-surface debris .. 

6.2.5.3 Leachfield Boreholes (SWMU 49-003) 

Shallow boreholes will be installed in the suspected leachfield area as shown in 
Figure 6.2-5. The proposed area for coring and the corehole depths are based 
on available information and are expected to bound the subsurface plume. The 
sampling grid interval was chosen to provide a reasonable judgementally 
sampling density for subsequent statistical treatment of soil contaminant levels 
and to serve as a convenient basis from which Phase II sampling can be 
designed (if necessary). 

Core samples will be collected in 3-ft increments by auguring to a depth of 
about 9 ft, which should extend into intact tuff. Based on available information, 
this should encompass the entire vertical zone of contamination. If sample 
analysis does not show that the plume limit has been defined by this scheme, 
sampling over a wider and deeper area may be required in Phase II sampling. 
Core sections will be analyzed as described for Area 11 surface soils, with the 
addition of SVOCs. 

Neutron moisture profiles will be run for all leachfield boreholes. Soil 
characterization as described in Section 6.1 will be performed on two sets of 
leachfield borehole samples (a total of six samples). 

6.2.5.4 Interim Storage Container Area 

One surface soil sample will be collected and one 6·ft vertical bore hole will be 
augured at the former location of the radiochemical waste storage box. Analysis 
of the soil sample and two 3-ft sections from the bore hole will be carried out as 
described for Area 11 borehole samples. 

6.2.5.5 Small-Scale Shot Holes 

Coreholes will be drilled into two randomly selected (uncapped) small-scale 
shot holes, as indicated in Figure 6.2-5. The operating assumption is that 
sampling of two of the shot holes will provide sufficient data, when coupled with 
historical information, to determine with adequate confidence whether 
significant subsurface contamination exists in the holes. The coreholes are 
designed to intersect the shot cavities and a single 5-ft sample section, 
centered on the expected location of the cavity where contaminants are most 
likely to occur, will be collected from each borehole. The samples will be field
screened using a HE spot test and analyzed as described for Area 11 soils, 
including HEs (if any are detected in spot tests). . 
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Section 6.2 Radiochemistry and Small-Scale Shot Area 

6.2.6 Phase II Investigations at Area 11 

Although adequate definition of the extent of surface and subsurface 
contamination is intended to be completed in Phase I, for planning purposes it is 
assumed that Phase II characterization may be required to define with adequate 
precision the extent of contamination in the leachfield. In this case, sampling of 
additional surface soil and shallow borehole locations beyond the sampling area 
indicated in Figure 6.2-5 may be needed. For planning purposes, it is assumed 
that 15 additional soil samples and 9 additional boreholes 
(27 core samples) will be required in Phase II. 
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6.3 LANDFILLS, TRENCHES, AND AREA 6 SOIL CONTAMINA1"ION 

Description, Data Needs and Objectives, and Sampling Plan for: 
• SWMU 49-004 (open burningllandfill area in Area 6) 
- SWMU 49-005(a) (small landfill east of Area 10) 
- SWMU 49-005(b) (small landfill in Area 5) 
- SWMU 49-Q08(b) (potential soil contamination in Area 6) 

6.3.1 Introduction 

Section 6.3 describes the objectives and details of the field investigation for the 
following four SWMUs: 

• 
• 
• 
• 

open burning/landfill area in Area 6 (SWMU 49-004), 

smalllandfiJI near Area 10 [SWMU 49-005(a)], 

small landfill east of Area 5 [SWMU 49-005(bn, and 

potential soil contamination in Area 6 [SWMU 49-008(b)]. 

Four open trenches west of the open burning/landfill also are addressed in 
Section 6.3 . 

The locations of SWMUs and open trenches addressed in Section 6.3 are 
shown in Figure EXEC-3 and in the aerial photographs in Figure 3.1-1. Recent 
views across these areas are shown in Figure 3.1-2(e). Figure 6.3-1 shows 
recent ground-level photographs of the open buming/landfill area, the possible 
location of the small landfill, and the open trenches. Figure 6.3-2 shows the 
appearance of the open burning/landfill area in 1971. Figure 6.3-3 shows the 
location of structures in Area 6 during the hydronuclear and related experiments 
at T A-49 from 1959 to 1961. ' 

Field measurements and laboratory analyses for the field investigations 
proposed in this section are summarized in Tables 6.3-1 and E-3 (Appendix E). 

The overall goal of the field investigation is to demonstrate and document the 
suitability of these SWMU areas for unrestricted Laboratory use, subject to site
wide restrictions resulting from the ongoing use of TA-49 as a firing site buffer 
zone. Indefinite continuation of present use of these areas by the Laboratory is 
assumed. 

For SWMUs addressed in Section 6.3, RFI data are needed primarily to 
determine the presence or absence of contaminants in the soils and subsurface 
relative to levels that could threaten human health and the environment. 
Conceptual models for these SWMUs, including potential exposure routes, 
pathways, and receptors, are identified in Chapter 4 of this au work plan. The 
principal potential contamination-migration pathways for these SWMUs are 
erosion (surface runoff and aerial resuspension) and (less likely) infiltration 
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Section 6.3 

Figure 6.3-1 Photographs of the open 
burning/landfill area, possible location of 
the small landfill, and the open 
trenches. 

ia) View across open 
burning/landfill area (SWMU 
49-004). ,Nov 1990. 

(b) Open trench near open burning/ . 
;andfill area of T A-49 
April 1991. 

fcl Possible site of smail landfill 
used in 1984 cieanup [SWMU 
.:19-005(a)]. Nov. 1990. 
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Figure 6.3-2 Photographs of the open 
burning/landfill area 

1971 photograph of the bUfiai 
:rencn that was usee for the 
disposal of noncontaminated 
:tems during operational 
periods. 

;0) Photograph of the Area 6 trench 
during burial of noncontaminated 
material removed from Area11 in 
1971 . After being crushed by a 
bulldozer before it was covered, 
the material volume was greatly 
reduced. 
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Structure List (ENG-R 2484, ENG R-5126) 
Present Structures Former Structures 
T A-49-115 Dayroom T A-49-2 Office Building 
TA-49-128 Trailer, Storage TA-49-5 Craft Shack 
TA-49-129 Trailer, Storage TA-49-63 Latrine 
TA-49-130 Trailer, Storage TA-49-82 Craft Shack 
TA-49-131 Trailer, Storage TA-49-83 Carpentry and Electrician Shed 
TA-49-132 Trailer, Storage TA-49-84 Tool Building 

T A-49-85 Storage Building 
T A-49-86 Storage Building 
T A-49-99 Power Panel 
TA-49-103 Power Panel 

I 

---

Figure 6.3-3 Engineering drawing of Area 6 showing present (shaded) and former structure locations [adapted from 
engineering drawings ENG-R 2487,8/15/61 (03-0025) and ENG-R 5126,7/12/89 (03-0026)] . 
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Landfills, Trenches, and Soil Contamination Section 6.3 

• TABLE 6.3-1 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE I INVESTIGATIONS 

FOR TA-49 LANDFILLS, OPEN TRENCHES, AND AREA 6 SOIL CONTAMINATIONa 

Number of Samples 

Analytical samples 
QA samples 

Rinsate blank 
Field duplicate 
Field blank 

Total number of samples 

Surface 
Soil 

Samples 

57 

3 
3 
3· 

66 

Borehole 
Samples 

23 

26 

• 
aAIl soil and core samples will be screened for alpha/beta and gamma contamination by using field survey 
instruments. Where appropriate, and depending upon convenience and field laboratory availability, analyses will 
be performed in either the field laboratory or an off-site analytical laboratory. Gamma spectrometry yields 
americium-241, cesium-137, and gross gamma radioactivity levels . 

Number of Analyses - Level III Laboratory Analyses 

Surface 
Soil 

Total uranium 33 
Isotopic plutonium 33 
Gross alpha/beta 66 
Gamma spectrometry 66 
RCRA metals 33 
SVOC 0 

Total number of analyses 231 

Other Characterization: 

Number of boreholes 9 
Total linear feet of borehole: 125 

•

rea surveyed radiologically: 214,100 ft2 
eophysical survey area: 500 ft2 

T A-49 Operable Unit RFI Work Plan 

Borehole 
Core 

13 
13 
26 
26 
13 
13 

104 

6.3 - 5 

Level III 
Method 

ICPMS 
Alpha spectrometry 
Gas-flow proportional counter 
Gamma spectrometry 
SW 6010 
SW 8270 
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Section 6.3 Landfills, Trenches, and Soil Contamination 

beyond the time period assumed for institutional control. However, the likelihood • 
of significant contaminant transport from these SWMUs is considered low for 
the following reasons: 

• these SWMUs are located on relatively flat portions of 
Frijoles Mesa, minimizing runoff; 

• 

• 

• 

the distance to the main aquifer water is about 1200 tt, and 
there are no perched aquifers known or expected in the area; 

the distance to potential off-site receptors is large for the 
assumed exposure scenarios and no credible pathways are 
known; and 

no significant inventory of contaminants is likely to exist at 
these SWMUs. 

The criteria for preliminary identification of potential response actions for the 
SWMUs addressed in Section 6.3 are presented in Chapter 5. Available 
information discussed below suggests that the field investigation is likely to 
demonstrate that contamination levels above reasonable action levels are not 
present. Therefore, the no further action (NFA) alternative (other than 
restoration of the soil and vegetative cover over the main open burning/landfill 
area) is likely to be a sufficient and appropriate remedial alternative to achieve 
the unrestricted use objective. If significant contamination is found, additional 
field work may be required in Phase II. If risk assessment then indicates that 
NFA is inappropriate, the most likely appropriate remedial measures are 
selective soil removal/disposal or capping/stabilization accompanied by long
term monitoring, maintenance, and institutional control. 

Currently Area 6 contains the Day Room (structure T A-49-115, also known as 
the Antenna Test Facility, constructed in 1987) and equipment trailers 
(structures TA-49-128 through 132). The septic system [SWMU 49-007(a)] 
associated with the Day Room is described in Section 8.3 (No Further Action 
Units). These facilities currently are used by the Laboratory's High-Power 
Microwave Group (AT-9). 

6.3.2 Site Description, History, and Potential Source Terms 

6.3.2.1 Open Burning/Landfill Area 

Extensive site-employee interviews and archival searches indicate that none of 
the landfills addressed in Section 6.3 were used for operations other than the 
burial of uncontaminated debris. Wastes buried in the landfills are reported to 
have been screened with field instruments to ensure the absence of 
radionuclides(Purtymun and Stoker 1987,0204; DOE 1987,0264; Eller 1992, 
03-0035; Purtymun 03-0028). Although checks were made only for radioactive 
contamination, based on historical information, the disposal of significant 
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amounts of hazardous materials also is unlikely. However, documentation is 
limited on this point and subsurface sampling at TA-49 landfills and trenches 
apparently has not been performed. 

The landfill in Area 6 (SWMU 49-004) was used from late 1959 to mid-1961 for 
open pit burning of combustible construction wastes and for burial of 
uncontaminated residues generated during hydronuclear and related activities 
in other areas of TA-49 (Purtymun and Stoker 1987, 0204; DOE 1987, 0264). 
During the 1971 cleanup of TA-49, the Area 6 landfill was reopened for disposal 
of uncontaminated materials, principally from Area 11. Figure 6.3-2 shows the 
Area G landfill during this period. 

The Area 6 landfill was reopened during the general TA-49 surface cleanup in 
1984. A trench reported to be approximately 30 ft wide by 100 ft long and 15 ft 
deep was created for burial of uncontaminated debris collected during the 
cleanup (LANL 1990, 0145). 

During the A411 survey of TA-49 in 1987, part of the open burningllandfill area 
surface was sampled. However, results for this area are not discussed in the 
A-411 report (Soholt 1990, 0698). In the survey, about 60 soil and 10 vegetation 
samples were collected on an approximately 25- by 25-ft mesh grid covering an 
80- by 275-ft area of the open burning/landfill area. Analytical results and soil 
sampling locations are summarized in Table 6.3-2 and Figure 6.3-4. 

A few of the A411 samples from the open burning/landfill area were found to be 
above regional background and indicated highly localized, discontinuous 
distribution of contaminants. The individual analyte maximum concentrations 
and total radio nuclide concentrations at each sampling point are well below the 
TRU action levels for unrestricted site use discussed in Chapter 5. Radionuclide 
concentrations in vegetation at the open burning/landfill area also were found to 
be well below levels of concern. 

As Figure 6.3-4 shows, there is no apparent geographical correlation between 
elevated soil concentrations of different radionuclides. However. locations of 
slightly elevated concentrations appear to be concentrated toward the central 
portion of the sampled area. 

Lead and beryllium levels for some samples also appear to be slightly above 
regional background. but are well below action levels. 

In June 1991, a geophysical survey was carried out at the open burning/landfill 
area to define the limits of the landfill (Geophex 1991, 03-0031). Figure 6.3-5 
provides an interpretive summary of this work, and more detailed geophysical 
data are contained in Appendix D. Four metal posts present at the time of the 
survey (and still in place in May 1992) outline a rectangular area of 
approximately 35 by 200 ft. These stakes may have defined the landfill area 
used in the 1984 burial operations. Strong magnetic and electromagnetic 
anomalies were observed for this area, no doubt as a result of the considerable 
quantities of cable and other metallic debris known to be buried in the landfill. 
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TABLE 6.3-2 

SUMMARY OF 1987 A411 SURVEY RESULTS FOR OPEN BURNINGIlANDFILL AREA SURFACE SOILsa 

SOILS 
-----.~~---~~.,--.-.-.-.- ,--------- ---- --- ------- --

Number of Regional Soli 
Analyte Samples . Rang! __ 

_____ h~~ 

Mean Background Comment 

Am-241 60 BOL-3.2 pCi/g 0.2 pCi/g 3 samples >0.7 pCi/g 
-------------------

Cs-137 60 BOL-3.5 pCi/g 0.7 pCi/g 0.88 pCi/g 3 samples >3.0 pCi/g 

Pu-239/240 64 0.001-0.81 pCi/g 0.032 0.019 pCi/g 6 samples >0.10 pCi/g 
,- - -.- ._-. 

Pu-238 60 BOL-0.031 pCi/g 0.0034 0.003 pCi/g 1 sample >0.015 pCi/g 
1-------------- --

Gross gamma 60 6-17 pCi/g 8 pCi/g 10 pCi/g 3 samples> 15 pCVg 
----- r------

Total U 60 2-27/1g/g 6ppm 3.8 ppm 1 sample> 16 /1g/g 

U-235/238 ratio 60 0.0055-.0083 0.0067 0.0073 
- -----c------

Be 60 BOL-3.5/1g/g 2.4 ppm 1.9 ppm 
.... i---- 1------- --~-

Pb 60 1-55/1g/g 37 ppm 24 ppm 5 samples 50 to 57 /1g/g 

VEGETATION 

Number of 
Analyte Samples Range Mean 

.w -~-~ 

Am-241 10 0.002-0.006 pCi/g 0.003 pCi/g 
-- ---------------

Cs-137 10 BDL-2.9 pCVg 0.9 pCi/g 

Pu 239/240 19 BOL-0.003 pCVg 0.002 pCVg 

Pu-238 9 BOL-O.OOl pCi/g 0.00 pCi/g 
---------------- -- ---------

Total U 11 0.3-1.2 /1g/g 0.6/1g/g 

aRadionuclide soil background maximum values are reported in Table G-32 of the 1989 ESG report (ESG 1990, 0497). Lead and beryllium background values 
are from (Ferenbaugh et a11990, 0099). 
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Figure 6.3-4 Soil sampling locations for the 1987 A411 study of the open burning/landfill area of TA-49, 
based on existing survey stakes and field notes. 
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Figure 6.3-5 Interpretive sketch of the open burning/landfill area, based on geophysical data 
collected in 1991 (adapted from Geophex, 1991, 03-0031). 
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The observed geophysical anomalies allow the landfill boundaries to be defined 
with a high degree of confidence. It is apparent that the trench extends 
northeast about 130 ft beyond the staked area and nearly to the edge of the 
Water Canyon, indicating that the total landfill lateral dimensions are 
approximately 35 by 330 ft. The extension appears to be in line with, and a 
continuation of, the area defined by the metal stakes. The northernmost 
detectable geophysical anomaly was about 50 ft from the canyon edge. The 
geophysical survey, and survey stakes still remaining from the A411 study, also 
indicate that the A411 sampling stations were not over the main body of the 
landfill (see Figure 6.3-5). 

Attempts to use ground-penetrating radar to precisely define the depth to the 
detected metal were unsuccessful, but a minimum of 4 ft of overfill was 
estimated. 

6.3.2.2 Small Landfills 

During the 1984 cleanup a small pit, now deSignated as landfill SWMU 49-005(a), 
was created north of the road that runs eastward from Area 10. Another small 
landfill in Area 5, SWMU 49-005(b), consists of a small pit that also was created 
during the 1984 cleanup campaign. Available information, primarily from 
employee interviews, indicates that these small landfills were used solely to 
dispose of uncontaminated debris from the 1984 cleanup operations (Purtymun 
1991, 03-0028; Weston 1991, 03-0015). Inspection of aerial photographs and 
field inspection of the most likely locations for these small landfills has failed to 
indicate the exact position of these units. 

6.3.2.3 Open Trenches 

Aerial photographs of T A-49 reveal four previously undocumented open 
trenches that are located west of the Area 6 open burning/landfill area [see 
Figures 3.1"1 and 6.3-1 (b)]. Field inspection in 1991 showed that these 
trenches are about 10ft wide by 4 to 6 ft deep and 50 to 100 ft long and 
probably were dug with mechanized equipment. One trench appears to have 
been backfilled partially and at least one other trench passes directly through a 
prehistoric ruin. Surface material indicative of burial of artificial debris was not 
evident at any of the trenches. The amount of excavated· soil appears to be 
commensurate with the open space in the trenches. 

The open trenches are especially evident in 1977 photographs, which were 
taken after the La Mesa fire removed substantial vegetation, but they also are 
apparent in the 1965 photographs (see Figure 3.1-1). Because the trenches 
appear in 1954 aerial photographs, they obviously predate the hydronuclear 
and related experiments from 1959 to 1961. Because high-altitude photographs 
from 1935 do not show the trenches, it is evident that the trenches were created 
between 1935 and 1954. Aerial photographs of TA-49 for the period 1935 to 
1954 are not available, and it has not been possible to determine more 
precisely from other information when the open trenches were created. 

• Extensive archival searches and interviews with key site employees has 
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revealed no specific knowledge of the open trenches before 1959. Some • 
anecdotal information suggests that the trenches may have been present as 
early as 1943, and other anecdotal information suggests that the trenches were 
constructed in the late 1940s. However, this information is not completely 
consistent with other information discussed in this subsection. It is noteworthy 
that until 1959, this site was relatively remote from known Laboratory operations 
and disposal of debris at this site would have involved an unusually high degree 
of effort. 

The ruin intersected by one of the trenches apparently has been described 
briefly by a Laboratory archeological survey and is designated as archeological 
Site Number LA 15866 (Steen 1982, 0659). This document states that the ruin 
was excavated in 1977 and shows a photograph of a trench cut through the ruin. 

The 1982 archeological report contains the statement, "When TA-49 was 
abandoned, it was planned to bury scrap metal and other "garbage" in the three 
large trenches. Bulldozers bladed out the trenches and one of them was partly 
filled with trash when it was determined not to bury the scrap." Thus, this report 
implies that the trenches were created around 1961 when the hydronuclear and 
related experiments ended. The source of this information cannot be verified, 
but is questionable because aerial photographs show the trenches existed at 
least 13 yr before 1977. It is likely that the open trenches referred to in this 
archeological report have been confused with the known open burning/landfill 
area immediately to the east, which was created just before 1961, as described 
in the archeological report. 

The possibility that the trench was dug by individuals seeking cultural artifacts • 
was considered, but this seems unlikely because other trenches are not 
associated with obvious cultural resources at TA-49 and the trench depths are 
unusually deep for such purposes. The trenches conceivably are related to 
mine-claim speculation activities before the Atomic Energy Commission (AEC) 
acquired the property in the 1940s. However, investigation of available regional 
mining records shows no reference to the TA-49 area before acquisition by AEC 
(Eller 1992,03-0035). 

In summary, the purpose of these open trenches is unknown. However, the 
possibility that they were created by the Laboratory for waste disposal or other 
purposes is highly unlikely but cannot be excluded categorically. 

6.3.2.4 Potential Soil Contamination in Area 6 

Where indicated in Figure 6.3-3, a portion of Area 6 just north of the access 
road to the main experimental area was developed as a general support area 
very early in the TA-49 hydronuclear program (Eller 1992, 03-0035). Area 6 
included storage and office buildings and structures used by carpenters and 
electricians. All of these structures had been removed by 1977. Anecdotal 
information suggests a slight possibility that a small lead-casting shop also was 
operated briefly at Area 6. A "boneyard" approximately 400 ft2 in area was used 
to store lumber, fencing, and steel. Cables, pipes, and sand for backfilling shafts 
also were stored at Area 6. • 
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Area 6 operations would have been greatly complicated by radioactive 
contamination, and therefore, the presence of radioactive materials was very 
closely controlled (Eller 1992, 03-0035). For example, after the initial T A-49 
experiments, a directive was issued that "salvage material from shot holes will 
be marked as to the hole from which it came, and will be sorted in a separate 
area within Area 6 for future use or disposaL" It is therefore conceivable that 
materials with trace contamination were stored in the area temporarily, but 
effective contamination controls no doubt were in place. It is known that low 
levels of contamination were tracked into some Area 6 structures during the 
unintended release of radioactivity in Area 2 in 1960 (see Chapter 7 of this OU 
work plan). However, it is highly likely that this contamination was low level, 
very localized, and quickly cleaned up. 

Other than those mentioned above, no other operations involving materials of 
environmental concern are known or suspected to have been carried out in 
Area 6. 

Documentation of soil sampling in the Area 6 crafts area has not been located. 

6.3.3 Data Needs and Objectives and Investigation Rationale 

The overall objective of the field investigation of the T A-49 landfills, trenches, 
and Area 6 surface soil areas addressed in this section is to demonstrate and 
document their suitability for unrestricted Laboratory use, subject to general 
T A-49 site restrictions as a result of its ongoing use as a buffer zone for 
adjacent firing sites. Based on existing information described above and in 
earlier sections of this OU work plan, the observational approach implies that 
characterization needs for SWMUs addressed in this section are limited to 
those that directly address the decision question: 

Do contaminants of concern exist above action levels 
at these SWMUs? 

To answer this question, a combination of radiological and geophysical surveys 
and Level III analyses of discrete surface and subsurface samples is needed. 

The rationale for data at Level III quality and the consequences of Type I and 
Type II errors are discussed in Chapter 5 of this Ou work plan. 

The proposed field investigation includes the specific aspects outlined here. 

• 

• 

• 

Geophysical surveys will be used to locate (if possible) the 
small landfills. 

Area radiological surveys will be used at Area 6 and the three 
landfills to detect radiological hot spots. At least 90% of the 
area indicated in Figure 6.3-6 and 6.3·7 will be covered. If the 
small landfills can be located, the area over and immediately 
adjacent to the landfills will be surveyed radiologically. 

Discrete soil sampling will be carried out on grids at Area 6, 
including the former crafts area and the previously un sampled 
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surtace of the open burning/landfill area. Surtace soils at the 
small landfills also will be sampled. Level III analyses will be 
carried out for the indicator analytes total uranium, isotopic 
plutonium, gamma spectrometry, gross alpha/beta radioactivity, 
and RCRA metals. 

Discrete soil samples will be collected at hot spots identified by 
radiological surveys and where clusters of slightly elevated 
radionuclides were found in the A411 survey. Analyses will be 
pertormed as proposed for grid samples. 

Core samples will be collected to the bottoms of the landfills 
and analyzed as proposed for hot spot samples. In addition, 
these samples will be analyzed for SVOCs. 

At the open trenches, radiological surveys will be carried out to 
determine the presence or absence of near-surtace radioactive 
contamination. A geophysical survey of the trenches will be 
carried out to determine the presence or absence of buried 
metallic debris. 

It is expected that only a single phase of investigation will be necessary for the 
areas discussed in this section because the likelihood of detecting levels of 
contamination above action levels in Phase I is considered low (that is, 
a negative answer to the decision question is likely). In this case the RFI/CMS 
will cease after Phase I and NFAwili be proposed. If this expectation is not 

• 

fulfilled (that is, a positive answer to the decision question), Phase II • 
investigation may be required and this could involve statistically based surtace 
and subsurtace sampling over a greater spatial extent and for a wider analyte 
suite. 

The field investigation logic assumes that potential contaminants of concern will 
be detected by radiological surveys and by discrete sampling and analysis for a 
limited set of indicator analytes. A sampling interval of 0 to 6 in. is judged 
appropriate for surface soil samples, based on historical information and 
intended uses of the data. The logic also assumes that historical information, 
coupled with the failure to detect above-background radioactivity or man-made 
debris, will constitute sufficient information to conclude that contamination levels 
of concern are absent at the open trenches. 

Gross alpha, gross beta, and gamma spectrometry measurements (using either 
the field laboratory or an off-site analytical laboratory) will be conducted for all 
grid soil samples collected. One-half of these samples, plus all samples for 
which above-background levels of these analytes are indicated, will be 
examined in an analytical laboratory for isotopic plutonium, total uranium, and 
RCRA metals. 

6.3.4 Sampling Plan 

The general investigation strategy for each unit addressed in this section is a 
sequential approach in which the investigation area is surveyed by nonintrusive 
radiological and geophysical methods, followed by discrete soil sampling. The 
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radiological surveys will be extended beyond the denoted areas until 
background levels are recorded. The QA/QC sample requirements are 
summarized in Table 6.3-1 of this chapter and Table E-3 of Appendix E. 

6.3.4.1 Open Burning/Landfill Area 

The area first will be surveyed for radiological hot spots using hand·held or 
tripod mounted detectors or mobile gamma spectrometry systems. At least 90% 
of the outlined area in Figure 6.3-6 will be covered. Any detected hot spots will 
be located precisely and sampled to a depth of 6 in. The spatial variability 
around any detected hot spots will be determined from samples collected at a 
depth of 6 to 12 in. below the hot spots and a depth of 0 to 6 in. at a lateral 
distance of 1 m from the hot spot. 

The areas directly over the open burning/landfill area, as defined by the 1990 
geophysical survey but not covered by the A411 survey, will be sampled on a 
25- by 25-ft grid, as indicated in Figure 6.3-6. Sampling will be conducted at all 
of the indicated grid paints. This grid size, location, and sampling frequency 
were chosen judgementally to ensure that adequate data are collected for 
subsequent statistical analysis, which will include the previously collected A411 
data (also on a 25- by 25-ft grid). In addition, supplemental samples will be 
taken as indicated in Figure 6.3-6 to more fully characterize the apparent cluster 
of slightly elevated radionuclides indicated in the 1987 survey. 

Figure 6.3-6 also shows locations of boreholes for subsurface sampling by split 
spoon auguring at the open burning/landfill site. Seven boreholes spaced about 
50 ft apart will be drilled down to the level of undisturbed tuff, which is expected 
to be about 15 ft. below the land surface. The borehole interval is based on 
historical information, the apparent dimensions of the trench, and the intended 
use of the data. The total depth is judged to encompass the depth over which 
contamination (if it exists) is most likely to occur. Five-foot sections from each 
borehole will be analyzed as described above for soil samples. as well as for 
SVOCs. 

6.3.4.2 Small Landfills 

The small landfills will be located (if possible) by standard geophysical 
techniques and their locations will be surveyed to a site benchmark. If the small 
landfills can be located, their surface areas then will be surveyed for radiological 
contamination as described above for the open burning/landfill area. 

Two boreholes, well separated over the defined landfill area. will be drilled 
through each small landfill to the level of the undisturbed tuff, which is expected 
to be within 10ft of the surface. Level III analysis of the lowest 5 ft of the 
recovered core will be carried out as described for the cores from the open 
burning/landfill area, Only the lowest 5 ft of the small landfills will be sampled 
because it is the most likely to be contaminated. 

Two surface soil samples, well-spaced over each of the small landfill areas, will 
be collected and analyzed for the same analyte suite used for the open 
burning/Jandfill surface samples. 
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Two borehole samples and two soil samples for each small landfill are judged to 
provide a minimum level of redundancy and measure of spatial variability. 

6.3.4.3 Open Trenches 

Radiological surveys will be conducted over at least 90% of the open trench 
surfaces and a border immediately adjacent to the trenches, as described for 
the open buming/landfill area. The trenches also will be surveyed by standard 
geophysical methods to determine whether buried artificial materials are 
present. If the field radiological and geophysical surveys show no anomalies, it 
will be assumed that the trenches are free of contamination and NFA will be 
proposed. If artificial materials are indicated, Phase II sampling may be required 
that includes analysis of soil samples and cores. If radiological hot spots are 
detected, discrete soil sampling will be conducted as described for the open 
burning/landfill area and the radiological survey will be extended until 
background levels are recorded. 

6.3.4.4 Area 6 Surface Soils 

The Area 6 investigation will begin with a surface radiological survey over at 
least 90% of the area indicated in Figure 6.3-7. Any hot spots that are detected 
will be characterized as described for the open burning/landfill area. 

A 40-ft grid interval for discrete surface soil sampling will be used over the area 
shown in Figure 6.3-7, and samples will be collected at 25% of the indicated 
grid points. The grid location was selected to cover the area used for craft 
activities during the hydronuclear program. The proposed grid size and 
sampling frequency were selected to ensure that sufficient data points are 
obtained for subsequent statistical analysis of Area 6 soil contaminant levels. 
This grid size is based on the available information, which suggests low 
likelihood for significant contamination in Area 6, and the fact that supplemental 
radiological surveys will be conducted. The surface soil sampling protocol and 
analyte suite proposed above for the open burning/landfill area will be used. 
Supplemental surface soil samples will be collected and analyzed similarly if 
areas of discolored soil or stressed vegetation are found. 
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6.4 AREAS CONTROL AREA 

Description, Data Needs and Objectives, and Sampling Plan for: 
- SWMU 49-006 (sump) 
- SWMU 49-008(a) (surface contamination) 

6.4.1 Introduction 

Section 6.4 provides a description of Area 5 and of SWMUs 49-006 and 
49-008(a), which are located in this area. 

The Laboratory SWMU report also lists an underground fuel tank (SWMU 49-009) 
and a small landfill [SWMU 49-005{b)] within Area 5. The fuel tank is believed to 
never have existed and is discussed in Chapter 8 with other units 
recommended for no further action (NFA). The small landfill [SWMU 49·005(b)] 
is discussed with other landfill SWMUs in Section 6.3. 

The objectives and details of the Area 5 field investigation are described in this 
section. The ultimate goal is to demonstrate and document the suitability of 
Area 5 for unrestricted Laboratory use, subject to site-wide restrictions resulting 
from the continuing use of TA-49 as a firing site buffer zone and the present 
enclosure of Area 5 within the MDA AS exclusion fence. Future land use is 
assumed to be the same as that at present; that is, Area 5 will remain a 
controlled area within the fence enclosing MDA AS and will be managed with 
MDA AS for the indefinite future . 

For Area 5, data are needed primarily to document the presence or absence of 
contaminants relative to action levels in the soils and subsurface. The principal 
potential contamination-migration pathway over the assumed institutional 
control time' frame is erosion (surface water runoff and aerial resuspension). 
A conceptual model for Area 5 SWMUs, including exposure routes and potential 
environmental transport pathways, is identified in Section 4.11 of this au work 
plan. 

The likelihood for significant contaminant transport from Area 5 is very low for 
the following reasons: 

• 

• 

• 

• 
• 

Area 5 is located on a relatively flat portion of Frijoles Mesa, 
which minimizes runoff; 

the depth to the main aquifer is about 1200 ft and no other 
aquifers are known or expected in the area; 

the distance to potential off-site receptors is large for the 
assumed exposure scenarios, and no credible pathways are 
known; 

access and use of Area 5 are strictly controlled; and 

a significant inventory of contaminants is not likely to exist at 
Area 5 . 
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The criteria for preliminary identification of potential response actions at T A*49 • 
SWMUs are presented in Chapter 5. The NFA alternative is likely to be 
sufficient and appropriate for the unrestricted use objective because the field 
investigation is likely to demonstrate that contaminants above action levels are 
not present in Area 5. If Significant contamination is found, Phase II 
investigation may be necessary to further characterize the contamination. 
If subsequent risk assessment indicates that NFA is inappropriate, an 
appropriate remedial action may be selective soil removal and disposal. 

Field measurements and laboratory analyses for field investigations at Area 5 
are summarized in Table 6.4-1 of this section and in Table E-4 of Appendix E. 

6.4.2 Description and Site History 

Area 5 served as the main control area for the hydronuclear and related 
experiments conducted at TA-49 from 1959 to 1961. Many experimental 
support activities also were located in this area. An engineering drawing 
showing the layout of Area 5 structures around the period of maximum use in 
1961 is shown in Figure 6.4-1. Recent low-altitude photographs across this area 
are given in Figures 3.1-2(c) and (d). Other engineering drawings of Area 5 are 
contained in Appendix B. 

Several permanent structures and at least 18 easily relocated trailers were used 
for a variety of functions in Area 5 from late 1959 and mid 1961. Figures 6.4-
2(a) and (b) show the layout of these structures at two times during that period, • 
and Figure 6.4-3 shows photographs of Area 5 taken during this time. Almost all 
of the surface structures were removed or destroyed between 1961 and 1984. 

Extensive interviews have been conducted with personnel directly involved in 
Area 5 activities during the 1959 to 1961 period of maximum usage. These 
personnel included the T A-49 site engineering supervisor, experimental test 
director, radiochemists, and photography staff. Examination of the Zia 
Engineering Diary, which recorded the engineering work at TA-49 from 1959 to 
1961, as well as other archival records has provided additional detail on 
potential contaminants associated with Area 5 activities. Current descriptions of 
selected structures, including those known or suspected to have contained 
hazardous or radioactive materials, are based largely on this information. 

Late in 1959, an elevated photo tower [structure TA-49-96, visible in Figure 
6.4-3(a)] was assembled in Area 5 to photograph hydronuclear and related 
experiments in Areas 1 through 4. Photographic activities probably occurred for 
the most part in trailer J-13-3 [see Figure 6.4-2(b)], which contained a darkroom 
with a drain line. In 1965 the photographic tower was used in a study of 
atmospheric phenomena. During both sets of activities, on-site film 
development and disposal of limited quantities of spent photochemicals into 
sumps at Area 5 may have occurred (see ensuing discussion). The tower was 
removed during the 1984 cleanup campaign. 

During 1960 or 1961, an 8-ft-deep by 6-ft diameter hole in the floor of structure 
TA-49-8 was used in calibration activities (see Figure 6.4-1). Encapsulated 
cobalt-60 and polonium-beryllium radioactive sources probably were used for 
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TABLE 6.4-1 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE I INVESTIGATIONS AT AREA sa 

Number of Surface Boreholes 
Samples Soils Samples 

Analytical samples 30 2 
QA/QC samples 

Rinsate blank 2 0 
Field duplicate 2 0 
Field blank 2 0 

Total number of samples 36 2 

°AII samples will be field screened for gross alpha/beta and gamma contamination. Gamma spectrometry yields 
gross gamma, americium-241 , and cesium-137 levels. Where appropriate, and depending upon convenience and 
field laboratory availability, analysis of Area 5 samples will be performed in either the field laboratory or an off-site 
anaiytical laboratory . 

Laboratory Analysis 

Surface Borehole Level III 
Soils Sample Method 

Total uranium 16 2 ICP/MS 
Isotopic plutonium 16 2 Alpha Spectrometry 
Gross alpha/beta 32 2 Gas Flow Proportional Counter 
Gamma spectrometry 32 2 Gamma spectrometry 
SVOCs 10 2 SW 8270 
PCBs 4 0 SW 8080 
RCRA metals 16 2 SW 8010 

Total number of analyses 116 12 

Other characterization: 

Radiological and geophysical surveys will be conducted over an area of 94,000 ft2. 
The two core samples will be collected from two 1 O-ft boreholes . 
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Area 5 

Figure 6.4-1 Engineering site diagram for Area 5 [adapted from ENG-R 2487, 8/15/61 (03-0025)]. 
Structure numbers are indicated in the diagram. 
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Figure 6.4-2(a) Early layout of structures of Area 5, October 24, 1959 
[adapted from ENG C28505 (03-002)] . 
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Figure 6.4-3 Area 5 photographs 
arouna :he time of [leak site activities 

(a) 
Photograph of T A-49 photo tower 
(T A-49·96) and butane fuel tank 
(T A-49-65) . 

(b) 
Typical Area 5 structures . 
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Section 6.4 Area 

calibration work in this structure and in adjacent structure TA-49-17. These 
radioactive sources later were removed from the site. There is no historical or 
anecdotal reason to suspect that contaminant release resulted from these 
sources. 

Trailer J-11-4 was used as a radiochemistry laboratory from 1959 to 1961 [see 
Figure 6.4-2(b)J. According to interviews with numerous personnel involved with 
these operations and examination of laboratory notebooks, the radiochemical 
operations involved sample dissolution with a few liters or less of perchloric, 
hydrofluoric, and hydrochloric acids. In addition, low levels of radioactivity from 
solid samples as well as a few liters or less of organic solvents and extractants 
were involved. Waste chemicals from these operations were collected in bottles 
for off-site disposal. The radiochemistry laboratory was equipped with a sink 
and it is conceivable that small quantities 01 contaminants were discharged 
through drain lines to soils outside this facility. However, significant discharge of 
radioactive wastes in Area 5 is very unlikely to have occurred because this 
would have complicated general Area 5 operations, especially the very low level 
radiochemical counting operations conducted in support of the hydronuclear 
experiments. 

• 

Lead shields were used in trailers J-11-4 and J-16-8 and perhaps in other 
Area 5 facilities: Lead bricks also were stored on the north edge of Area 5. 
A few lead bricks scattered around the surface of Area 5 were noted during a 
site visit during the summer of 1991 (Eller 1992, 03-0003). Lead bricks and lead 
sheet were used at T A-49 for shielding during the counting of low-level 
radioactive samples. Isolated low level soil contamination from weathering of 
metallic lead is therefore a possibility. • 

The Zia Engineering diary indicates that in November 1959, two 24-in.-diameter 
by 40-ft-deep sump holes were drilled in Area 5. Engineering drawings indicate 
that drainl1nes were to be run from the J-10-1 phototrailer to a sump located 
under the scope rack. However, the exact number of sumps drilled and their 
ultimate use is unknown. The sumps possibly were used to dispose of small 
volumes of waste chemicals, notably, spent photographic solutions. 

Engineering drawings indicated that the underground counting room (structure 
T A-49-67) was equipped with a concrete sump for drainage collection. It is 
unknown whether the sump ever collected contaminated liquids. However, the 
small size of the sump indicates that the volume of collected liquids (if any) was 
very small. 

Electrical transformers were located just west and north of the Area 5 fence but 
have been removed since 1961 (see Figure 6.4-1). Transformer oil of unknown 
composition probably was used, but the volume is likely to have been very 
small, according to available information. The likelihood that PCBs were present 
in these transformers is unknown and sampling apparently has not been 
performed. Staining is evident on the existing concrete pad that formerly· 
supported the westernmost transformer station, structure TA-49-14 (Eller 1992, 
03-0003). A small above-ground fuel tank (TA-49-65) was located outside the 
northwest portion of the fenced area of Area 5, as shown in Figures 6.4-1 and 
6.4-3. 
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Area 5 

This tank was used only for above-ground storage of butane and/or propane 
and was removed from TA-49 in 1971. This unit does not constitute a potential 
contaminant release site. 

Activities in Area 5 after 1961 were very limited and probably did not involve 
significant quantities of hazardous or radioactive materials. The photographic 
tower was used in the early 1970s as an optical platform from which upper 
atmosphere phenomena were studied with cameras and television equipment. 
In June 1977, a seismic study was conducted during which 37 shot holes were 
drilled to a depth of 2 m in an area extending from Area 5 to test well DT-9. 
Smail quantities of explosives were placed in the holes and detonated. All holes 
had complete detonation, after which the detonation wires were either cut off or 
pulled from the holes (Purtymun and Ahlquist 1986, 03-0013). All unused 
explosives were removed from the site after the studies. 

Almost all Area 5 structures were removed or destroyed between 1961 and 
1984, primarily during routine equipment removal in 1964 and major cleanup 
campaigns in 1971 and 1984. Other combustible structures were destroyed by 
the La Mesa forest fire in June 1977. At present, the only surface structures 
remaining in Area 5 are the DT-5A observation well enclosure (structure TA-49-
101) and the concrete pads of the former transformer station (TA-49-14) and 
the photographic tower. Small amounts of metallic debris (including some lead 
bricks) remain on the surface in Area 5. 

At least some of the debris collected during the 1984 cleanup of Area 5 is 
believed to have been disposed of in a small existing pit or sump in Area 5 
(dimensions less than 10ft by 10ft by 10ft) (Purtymun 1991, 03-0028). This 
landfill, listed as SWMU 49-005(b) in the Laboratory SWMU report, is discussed 
in Section 6.3 with other TA-49 landfills. 

6.4.3 Additional Information on Potential Source Terms at Area 5 

As discussed above, available information indicates that operations carried out 
at Area 5 never involved large amounts of hazardous or radioactive materials. 
Therefore, only very small amounts of contaminants could have been released 
to soil under and around structures associated with these activities. 

Release of photographic solutions after film development in trailer J-13-3 may 
have occurred, although such a release has not been corroborated during 
extensive interviews and archival searches. Any release that might have 
occurred likely would have been through drains either to the previously 
mentioned sumps or to nearby soil areas within Area 5. The total quantity of 
waste photographic solutions generated during all Area 5 activities probably 
would have been less than a few hundred gallons (Penneman 1991, 03-0012). 

Available information discussed earlier in Section 6.4 indicates that several 
sump holes were drilled in Area 5 and may have been used for disposal of small 
quantities of spent photo solutions and possibly other wastes. Drainlines leading 
to these sumps may also exist. No definitive information is available on the 
presence or absence of contaminants in the sumps, and the precise location of 
the sumps is unknown . 
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Section 6.4 Area 5 

However, even if limited amounts of contaminants were discharged to the sump 
holes, they are not likely to be of environmental significance because no 
credible migration pathways are known to exist. 

Airborne and other inadvertent transport of extremely low levels of radionuclides 
from Area 2 (and possibly from Areas 1, 2A, 2B, 4, and 11) to Area 5 soils is a 
remote possibility. Because of the small, isolated nature of any such releases, 
contamination levels from this mechanism at Area 5 are expected to be 
undetectable. 

During the 1959 to 1961 operations and the 1971 and 1984 cleanups 
associated with Area 5, extensive and frequent field monitoring for gross alpha, 
beta, and gamma radioactivity was conducted. Interviews with health physics 
personnel who were on-site during these operations indicate that contamination 
levels of concern were not detected in Area 5. However, only partial 
documentation is available and there is no analytical information available for 
Area 5 surface or subsurface samples. 

6-4.4 Data Needs and Objectives and Investigation Rationale 

The technical objective of Phase I of the Area 5 field investigation is to 
determine the presence or absence of indicator contaminants above action 
levels, as required to assess the suitability of Area 5 for unrestricted Laboratory 
use, supject to the restrictions discussed in Section 6.4.1. The observational 

• 

approach, based on existing information described above and in preceding • 
chapters of this OU work plan, implies that Area 5 characterization needs are 
limited to those that directly address the following decision question: 

Do contaminants of concern exist above action levels at Area 5? 

A combination of geophysical surveys, area radiological surveys, and Level III 
analysis of discrete surface and subsurface samples is proposed to answer this 
question. Specific Area 5 data objectives include: 

• 

• 
• 

• 

geophysical surveys to locate sumps, landfills, and 
undocumented subsurface features of interest; 

radiological surveys of at least 90% of the surface contained 
within the Area 5 exclusion fence; 

Level III analysis of discrete grid soil samples for radionuclides 
and RCRA metals and analysis of soils from the two former 
transformer locations for PCBs; and 

Level III analysis of borehole samples from the sumps (if 
located) for radionuclides, RCRA metals, and SVOCs. 

The rational for collecting data of Level III quality is discussed in Chapter 5. 
The consequences of Type I or 1/ errors also are addressed in Chapter 5. 
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• Only a single phase of investigation is expected to be necessary for Area 5 
because Phase I is likely to show with adequate confidence that contaminant 
levels above action levels are not present (that is, negative answer to decision 
question). In this case, the RFI/CMS will cease and NFA will be proposed. If this 
expectation is not met (that is, positive answer to decision question), Phase II 
investigation may be required and could involve more extensive surface and 
subsurface sampling over a larger spatial volume of the site and over a wider 
analyte suite. 

The sampling logic assumes that contaminant levels above action levels will be 
detected by radiological surveys and by discrete sampling of soils (0- to 6-in. 
depth) and sumps. The indicator analytes isotopic plutonium, total uranium, 
gamma spectrometry (which yields gross gamma radioactivity, americium-241 
and cesium-137 levels), gross alpha/beta radioactivity, radioactivity, and RCRA 
metals will be used. 

6.4.5 Sampling Plan 

Field QA/'QC samples for the Area 5 investigations described in this section will 
be collected and analyzed as indicated in the following discussion and as 
summarized in Table 6.4-1 of this section and Table E-4 of Appendix E. Surface 
sample and borehole locations will be established by standard land survey 
techniques to an accuracy of 1 ft (vertical and horizontal). 

• 6.4.5.1 Area 5 Surface Soils Survey - SWMU 49-008(a) 

• 

The Area 5 field investigation will begin with a geophysical survey of the area 
inside the Area 5 fence to confirm both the location of the sumps (if possible) 
and the underground radiochemistry structure (see Figure 6.4-4). This survey 
also is intended to detect culverts, drainlines, and trenches as well as other 
buried structures and disturbed areas of interest that are not well documented. 

Area radiological surveys of Area 5 will be conducted using hand-held-detectors 
or mobile gamma spectrometry systems. The survey will cover at least 90% of 
the fenced portion of Area 5. If hot spots are found, they will be located 
precisely by using a FIDLER, PHOSWICH, or similar systems and a soil sample 
will be collected to a depth of 6 in. Level III analysis will be conducted for gross 
alpha/beta, total uranium, isotopiC plutonium, gamma spectrometry, and RCRA 
metals. The spatial variability at any detected hot spots will be determined from 
additional samples collected at a depth of 6 to 12 in. below the hot spot and to a 
depth of 6 in. at a lateral distance of 1 m from the hot spot. 

Discrete soil sampling wllJ be conducted on a grid with a 40 ft interval over the 
fenced area of Area 5, as indicated in Figure 6.4-4. Level III analysis will be 
performed as described above. Twenty-five percent of the grid locations will be 
sampled on a random basis. This grid is centered on the fenced enclosure 
because this was the area of maximum use in Area 5, and thus has the 
maximum likelihood for contamination above levels of concern. The grid size 
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Figure 6.4-4 Proposed Area 5 RFI soil sampling locations; 25% of the grid points will be selected 
randomly for sampling. 
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and sampling frequency were chosen to ensure an adequate number of data 
points for subsequent statistical analysis of soil contamination levels and to 
supplement the historical information and radiological and geophysical surveys. 
The data also will be sufficient to allow a statistically based Phase II sampling 
plan to be developed, if necessary. Supplemental surface samples will be 
collected from locations of former radiochemistry and photography structures. 

Gross alpha, gross beta, and gamma spectrometry measurements (using either 
the field laboratory or an off-site laboratory) will be conducted for all grid soil 
samples collected. One-half of these samples, plus all samples for which 
above-background levels of these analytes are indicated, also will be examined 
in an analytical laboratory for isotopic plutonium, total uranium, and RCRA 
metals. 

6.4.5.2 Sumps - SWMU 49-006 

Available engineering information [for example, Figure 6.4-1, Figure 6.4-2 (a) , 
and Figure 6.4-2(b)] and the geophysical survey will be used to locate the 
sumps, if possible. A single bore hole then will be drilled through each located 
sump to a level 5 ft below the level of the undisturbed tuff (total depth about 
10ft). The lowest 5 ft of the bore hole will be collected and Level III analysis will 
be performed for the suite of analytes as well as for SVOCs. Sampling of this 
core depth is proposed because, based on available information, the sump 
holes were open when (and if) discharges were made to them. Therefore, 
maximum contaminant levels should exist at the bottom of the sumps. Sampling 
of two sumps is assumed for planning purposes. If the sumps cannot be located 
with a reasonable amount of effort, no further action regarding the sumps will be 
taken in Phase I . 

6.4.5.3 Drainlines 

Near-surface drain lines definitively located by geophysical techniques will be 
removed (as appropriate) as a VCA and soils around the lines will be field 
screened for gross alpha/beta and gamma radioactivity. At least one soil 
sample associated with each 10-ft section of drainline will be collected for 
analysis as described for the sumps. Based on available information, 10-ft 
lengths are probably typical of drainline sections (distance between joints) in 
Area 5, and a 10ft sampling interval is judged adequate for the intended use of 
the data. Ten such samples are assumed for planning purposes. 

6.4.5.4 Transformers 

At least two surface samples will be collected at each of the two former 
transformer locations and will be field screened for PCBs. This scheme ensures 
that a minimal but adequate level of sample redundancy is attained for each of 
these areas. If PCBs are detected by screening, Level III analysis will be 
conducted . 
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6.5 AREA 10 UNDERGROUND EXPERIMENTAL CHAMBER 

Description, Data Needs and Objectives, and Sampling Plan for: 
- SWM U# 49-002 

6.5.1 Introduction 

Section 6.5 describes the underground experimental chamber (SWMU# 49-002) 
located in Area 10 of TA-49 and provides the objectives and details of the field 
sampling investigation for this SWMU. 

Data are needed to demonstrate the presence or absence of contaminants in 
the surface soil around these shafts and in material at the bottom of the shafts. 
As discussed in Chapters 4 and 5, the principal potential contamination
migration pathway at Area 5 is surface erosion (aerial resuspension and surface 
water runoff). The likelihood of significant contaminant transport from Area 10 is 
very low for the following reasons: 

• this SWMU is located on a relatively flat portion of Frijoles 
Mesa, which minimizes runoff; 

• the depth to the main aquifer is about 1200 ft and no aquifers 
are known or expected in the area; 

• the distance to potential off-site receptors is large for the 
assumed exposure scenarios, and no credible pathways are 
known; 

• access and use of Area 10 is controlled; and 

• a significant inventory of contaminants is not likely to exist at 
Area 10. 

The criteria for preliminary identification of potential response actions at Area 5 
are presented in Chapter 5. The field investigation is likely to demonstrate that 
Area 10 is not a release site; in which case, removal of the concrete radiation 
shields and backfilling of the open shaft may be a sufficient and appropriate 
remedial action for this unit. If contamination above conservative action levels is 
found, Phase II sampling may be required to further characterize the nature and 
extent of contamination. In this case, potentially appropriate remedial 
alternatives could include selective removal/disposal of soils and 
cappingfstabilization. 

Future land use of Area 10 is assumed to be similar to that at present; that is, 
indefinite institutional control by the Laboratory is assumed. Recreational use by 
Bandelier National Monument is assumed if institutional control is lost. 

6.5.2 Description and Site History 

The general location of Area 10 is shown in Figure EXEC-4, and Figure 6.5-1 
shows an engineering site drawing from the main period of site activity (August 
1961). Figures 6.5-2. and 6.5-3 show engineering drawings and a photograph 
of the shafts is shown in Figure 6.5-4. A recent photograph of the surface area 
is shown in Figure 3.1-2(a). 
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At Area 10, two vertical shafts were drilled, each about 64 ft deep and 7 ft in 
diameter. These were connected at the bottom by a gallery 4 ft wide, 12 ft long, 
and 7 ft high. One shaft (the elevator shaft that was used to transport personnel 
and equipment) presently is covered by a heavy but removable concrete cover 
and the shaft probably is open at least part way to the bottom. The second shaft 
(the calibration shaft) was used to position a portable pulse neutron source over 
calibration samples placed at the bottom of the shaft and probably has been 
backfilled with local soil and crushed tuff (Eller 1992,0035). A hydraulic platform 
was located at the bottom of the calibration chamber and a hydraulic line led to 
an oil reservoir at the surface. The underground hydraulic system is probably 
still in place but the surface components have been removed. 

A 14-ft-diameter by 1 O-ft-high calibration room was constructed at the bottom of 
the calibration shaft. This room was lined with 8 in. of reinforced concrete faced 
with 1-in. steel plate. Figure 6.5-4 shows the tunnel connecting the shaft 
bottoms, including a potentially significant surge deposit that is discussed in 
Section 4.5 of this au work plan. No surface structures remain at the calibration 
chamber area other than several large concrete radiation shields (used during 
operation of the pulse neutron source) and the concrete and steel pads around 
the tops of the shafts. 

A disturbed soil area (see Figure 6.5-1) immediately to the south of the shaft 
complex and adjacent to the access road is believed to have been used solely 
as a parking and staging area (Eller 1992,0035). 

• 

The calibration chamber unit was used primarily during the hydronuclear and 
related experiments in 1960 and 1961. Subsequent use was minor, was • 
unconnected with the hydronuclear experiments, and apparently did not involve . 
radioactive or hazardous materials, with the possible exception of small 
radioactive sources for radiochemical counting. These sources are believed to 
have been removed at the conclusion of the experiments. 

6.5.3 Existing Information on Potential Source Terms 

During operation of the pulse neutron source over the calibration shaft, small· 
amounts (milligrams or less) of enriched uranium may occasionally have spalled 
off the critical assembly (Penneman 1991, 03-0047). When spallation was 
noticed during operations, this material routinely was colleCted, but very small 
amounts conceivably could have eluded cleanup and fallen to the bottom of the 
shaft or been dispersed onto adjacent soils. Slight activation of surrounding 
structures and soils occurred during operation of the pulse neutron source, but 
only short-lived radionuclides (most with half-lives of a few days or less) were 
generated and residual contamination from this source should be undetectable 
at the present time. 

Other potential contaminant sources at Area 10 are canisters containing lead 
and lead shielding bricks that were used in the calibration chamber. Various 
low-level radioactive source materials were handled in the complex, and 
beryllium pieces also may have been used. It is believed that all such potential 
contaminants have been removed; however, there is no written documentation. 
Leakage of oil from the hydraulic lifts in the chamber is not known to have • 
occurred and the possibility of contamination from this source is considered 
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FIGURE 6.5-1 Area 10 engineering site drawing from the period of peak site 
activity (August 1961). Except for some concrete shields and pads and small 
quantities of metal debris, no surface structures exist in Area 10 at this time. 
[Adapted from engineering drawings ENG-R 2484, 8/15/61 (03-0019), 
and ENG-R 2486, 8/15/61 (03-0024)] . 

T A-49 Operable Unit RFI Work Plan 6.5- 3 

Section 6.5 

May 1992 



Section 6.5 Area 10 

14'·0" -------1 

LOUVER 

SURFACE LEVEL 

SHAfT FLOOR LEVEL 

RGURE 6.5-2 Engineering drawings of the underground chamber complex at Area 10. 
Plan view at surface and floor levels. [Adapted from engineering drawings 
ENG·R 3236,3111/64 (00-0045) and ENG·R 3337,9/11/64 (03-0046)]. 
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Section 6.5 Area 10 

remote (Eller 1992, 0035). The total volume of hydraulic fluid in this system was • 
less than 100 gal and it is considered improbable that the hydraulic fluid 
contained PCBs. There is no evidence that organics other than hydraulic fluid, 
or hazardous materials other than those mentioned above, ever were used in 
Area 10. During a 1991 field inspection, a few small shards of possible asbestos 
concrete were noted on the surface at Area 10 (Eller 1992, 03-0003). 

Routine monitoring by field instruments was commonplace at Area 10 during 
site operations from 1959 to 1961 and sporadic thereafter. Documentation of 
environmental monitoring at Area 10 has not been located, except for the notes 
of health physics technicians associated with operation of the pulse neutron 
source. However, extensive interviews with operations personnel involved with 
Area 10 have given no indication that any significant radiological contamination 
was ever created or detected at Area 10, except that noted above. 

6.5.4 Data Needs and Objectives and Investigation Rationale 

The overall objective of the Area 10 field investigation is to demonstrate and 
document the suitability of Area 10 for unrestricted Laboratory use, subject to 
general site-wide restrictions that result from the use of TA-49 as a firing site 
buffer zone. The specific technical objective of the Phase I investigation is to 
demonstrate that contamination above action levels is not present in Area 11. 

Based on existing information described above and in preceding chapters of 
this au work plan, the observational approach implies that Area 10 • 
characterization needs are limited to those that directly address the following 
decision question: 

Do contaminants of concern exist above action levels in 
surface sol/s at Area 10? 

This question will be answered by a combination of area radiological surveys 
and discrete sampling and Level III analysis of surface soils. The rationale for 
analysis at Level III is given in Subsection 5.8.1 of this au work plan. 

Specific aspects of the field investigation include the efforts outlined here. 

• 

• 

• 

Field area radiological surveys will be carried out over at least 
90% of the surface in the immediate vicinity of the Area 10 
shafts to detect radiological hotspots. 

Discrete surface soil samples will be collected around the 
shafts and former structure locations at Area 10 for Level III 
analysis for radionuclides and ACAA metals. Surface soil 
samples from the former hydraulic reservoir location also will 
be analyzed for svacs and PCBs. 

Samples from the floors of the elevator shaft (if open to the 
bottom) will be collected for Level III analysis for radionuclides, 
ACAA metals, svacs, and PCBs. • 
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Figure 6.5·4 
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Section 6.5 Area 10 

• Gross alpha, gross beta, and gamma spectrometry 
measurements (using either the field laboratory or an off-site 
analytical laboratory) will be conducted for all samples 
collected. One-half of these samples, plus all samples for which 
above-background levels of these analytes are indicated, will 
be analyzed in an analytical laboratory for isotopic plutonium, 
total uranium, and RCRA metals. 

Only a single phase of investigation is expected to be required at Area 10 
because the likelihood of detecting contamination above conservative action or 
screening levels is very low. If this expectation is not borne out by the initial field 
investigation, Phase II investigation may be required that could involve surface 
and subsurface sampling over a larger area of the SWMU and possibly over a 
wider analyte suite. 

Chapter 5 of this au work plan addresses the potential consequences of type I 
and II errors. 

6.5.5 Sampling Plan 

Available information on past uses of Area 10 has led to the following 
. assumptions in developing the sampling plan for Area 10. 

• 

• 

The highest surface contamination levels will exist in the 
immediate vicinity of the tops of the shafts. Therefore, the 
Phase I investigation focuses on this area and emphasizes 
surface soils. 

If surface contamination exists in Area 10, it will be highly 
discontinuous (particulate) in nature. If surface hot spots exist, 
they will be indicated reliably by a combination of surface area 
radiological screening and discrete soil sampling to a depth of 6 in. 

• If contamination exists in the bottom of the shafts or in shaft 
backfill, the inventory is very small. Even if contamination exists 
in the shafts, no credible pathways are likely to exist for 
transporting minor amounts of shaft contaminants to receptors. 
(See the NFA criteria listed in Section 8.1). Therefore, the 
expense of sampling for contaminants in backfilled shafts is not 
warranted by the information likely to be gained. 

Before sampling activities begin, the concrete shielding and pads around the 
Area 10 shafts will be removed, if feasible, to allow unrestricted access to the 
soils. Area radiological surveys of the area then will be performed using either 
manual detectors (for example, FIDLER and PHOSWICH systems) or a mobile 
gamma spectrometry system. At least 90% of the area outlined in Figure 6.5-5 
will be covered in this survey. If hot spots are found, they will be located 
precisely and soil samples will be collected at these locations and analyzed as 
described above. The spatial variability around any hot spots that are detected 
will be determined from analysis of samples collected from a depth of 6 t012 in. 

• 

• 

beneath the hot spots and a depth of 0 to 6 in. at a lateral distance of 1 m from • 
the hot spots. 
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TABLE 6.5-1 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE I INVESTIGATIONS FOR AREA 10 a 

(SWMU 49-002 Underground Experimental Chamber) 

Number of Samples 

Analytical Samples 
OA/OC Samples 

Rinsate blank 
Field duplicate 
Field blank 

Total number of field samples 

Soil 
Sample 

18 

1 
1 
1 

21 

aRoutine field survey instruments will be used to screen for gross alpha and beta contamination. Where 
appropriate, and depending upon convenience and field laboratory availability, analysis of Area 10 
samples will be performed in either the field laboratory or off-site analytical laboratory. Gamma 
spectrometry will yield gross gamma, americium-241, and cesium-137 levels . 

Number of Laboratory Analyses 

Total uranium 
Isotopic plutonium 
Gross alphalbeta 
Gamma spectrometry 
SVOCs 
PCBs 
RCRA metals 

Total number of analyses 

Other Characterization: 

Soil 
Sample 

11 
11 
21 
21 

6 
6 

11 

87 

Level III 
Method 

ICPMS 
Alpha spectrometry 
Gas flow proportional counter 
Gamma spectrometry 
SW 8270 
SW 8080 
SW6010 

Radiological and geophysical surveys will be conducted over an area of 13,000 ft2 
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Area 10 

Discrete soil samples will be collected at the grid locations indicated in Figure 
6.5-5 for analysis as described for hot spots. The radiological survey area and 
the grid spacing and placement are derived from knowledge of site operations 
(as discussed above) to ensure effective coverage of the area with the 
maximum likelihood of elevated surface contamination levels. Two additional 
samples will be collected from the most probable surface location where 
hydraulic fluid could have leaked (the former reservoir location). These samples 
will be analyzed for SVOCs and PCBs in addition to radioactive and metal 
contaminants, as discussed above. . 

If the floor of the elevator shaft is accessible after the concrete cover is 
removed, the shaft will be entered. Field instruments will be used to survey the 
shaft walls and bottom, as well as associated debris, for gross alpha, beta, and 
gamma radiation. If obvious and easily removed contaminants such as lead 
bricks or sealed radioactive sources are found, they will be removed as a VCA 
for disposal at an appropriate Laboratory waste disposal facility. 

If the elevator shaft floor is exposed and sampling can be accomplished in a 
safe and reasonable manner, four soil samples from equal-area sectors of the 
shaft floor will be collected. The samples from the shaft floor will be analyzed as 
described for the surface grid samples, with the addition of SVOCs and PCBs 
(screening test). If access to the floor shaft is not feasible, no subsurface 
sampling will be conducted. 

If the elevator shaft is safely accessible and is uncased, it provides a good 
opportunity for further geologic characterization of the soil horizon and the 
upper Bandelier Tuff at TA-49, as was described in greater detail in Section 6.1. 
Further characterization of the surge deposit shown in Figure 6.5-4 would be of 
particular interest. 

Table 6.5-1 of this section and Table E-5 of Appendix E summarize the samples 
and analyses proposed for the Area 10 field investigation. Area 10 samples will 
be analyzed by the indicated methods in either the field laboratory or an off-site 
analytical laboratory, depending upon scheduling and convenience. 

QA/QC samples indicated in Table 6.5-1 will be collected for analysis during the 
Area 10 investigation as indicated in Table 6.5-1. 
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6.6 Area 12 Bottle House Area 

Description, Data Needs and Objectives, and Sampling Plan for: 
-SWMU #49-008 (d) Soil Contamination and Backfilled Shaft 

6.6.1 Introduction 

This section addresses Area 12 of TA-49 including SWMU 49-008(d) (soil 
contamination) and a backfilled underground chamber. Available information on 
Area 12 is reviewed and the objectives and details of the Area 12 field 
investigation are described in detail in this section. Table 6.6-1 summarizes the 
samples and analyses for Phase I investigations for Area 12. 

Data are needed for Area 12 to document the presence or absence of 
contaminants relative to levels of concern in surface soils around the existing 
structures TA-49-23 (referred to as the Bottle House) and TA-49-121 (referred 
to as the Cable Pull Test Facility). No sampling of the shaft under the Bottle 
House is proposed because historical data discussed below suggests that it is 
very unlikely that Significant contaminant levels exist in the backfilled shaft, and 
credible pathways do not exist even if minor contamination is present. The 
principal potential contamination-migration pathway over the assumed period of 
institutional control is erosion (aerial resuspension and surface water runoff). A 
conceptual model for Area 12, including exposure routes and potential 
receptors for potential environmental transport pathways, is described in 
Section 4.11 of this OU work plan. The likelihood for significant contaminant 
transport from Area 12 is low for the following reasons: 

• Area 12 is located on a relatively flat portion of Frijoles Mesa, 
so erosion is minimal; 

• the depth to the main aquifer is about 1200 ft and there are no 
perched aqt~ifers known or expected in the area; 

• the distance to potential off-site receptors is large for the 
exposure scenarios assumed at TA-49 and no credible 
pathways are known; 

• access and use of the site is controlled; and 

• historical information and previous sampling suggest that it is 
unlikely that contamination levels in Area 12 exceed action 
levels discussed in Section 5.1. 

Potential response actions for Area 12 are presented in Chapter 5 and are 
summarized in Table 5.4-1. The overall objective of the field investigation is to 
demonstrate and document that Area 12 is suitable for unrestricted Laboratory 
use, subject to general restrictions imposed by the continuing use of T A·49 as a 
firing site buffer zone. The suitability for unrestricted Laboratory use will be 
established by surface radiological surveys and discrete sampling and Level III 
analyses of surface soils. 

The field investigation is likely to demonstrate that the no further action (NFA) 
alternative, other than minor removal of debris from the site, is a likely and 
appropriate remedial alternative for the unrestricted use objective for Area 12. 
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Area 12 

TABLE 6.6-1 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE I INVESTIGATIONS FOR AREA 12a, b 

Number of analytical samples 
Number of QA samples 

Ransite blank 
Field duplicate 
Field blank 

Total number of analyses 

Surface Soil Samples 

20 

1 
1 

23 

aAIl samples will be field screened for elevated alpha and gamma contamination using routine field 
Instruments. Where appropriate, and depending upon convenience and field laboratory availability, 
analyses of Area 12 samples will be performed in either the field laboratory or an off-site laboratory. 

Numberot 
Laboratory Analyses 

Total uranium 
Isotopic Pu 
Gamma spectrometry 
Gross alphaJbeta 
RCRA metals 
SVOCs 
PCBs 

Surface Soil 

12 
12 
23 
23 
12 

9 
9 

Total number of analyses 100 

Level III Method 

ICPMS 
Alpha spectrometry 
Gamma spectrometry 
Gas-flow proportional counters 
SW6010 
SW8270 
SW 8080 

bRadiological surveys will be conducted over an area of 14,000 ft2. 
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If significant contamination is found during the RFI, a statistically based Phase II 
investigation may be required to further define the contamination. If risk 
assessment then indicates that NFA is inappropriate, the most likely remedial 
alternative is selective soil removal and disposal. 

To facilitate sampling, surface debris from the Bottle House and the Cable Pull 
Test Facility will be removed as appropriate for disposal elsewhere at a suitable 
Laboratory waste disposal facility. 

6.6.2 Description, Site History, and Potential Source Terms 

As is indicated in the site maps given in Figures EXEC-3 and 6.6-1, SWMU 
49-008(d) is located in Area 12 of TA-49, immediately east of Area 2 of MDA 
AB. Figure 3.1-2(a) shows a recent view across Area 12. 

The main historic activities in Area 12 were confinement experiments in 1960 
and 1961 that were related to the TA-49 hydronuclear program. These 
experiments consisted of HE detonations in sealed metal "bottles" (up to 5-ft in 
diameter by 16-ft in length) placed in a 10-ft-diameter by 30-ft-deep shaft. The 
shaft was surrounded by the Bottle House, which is one of only two surface 
structures remaining in Area 12. There were small temporary structures to 
support the confinement experiments in Area 12, and these are evident in 
Figure 6.6-1 and in some early aerial and ground-level photographs. 

Approximately 26 confinement experiments involving HE detonations were 
carried out in the Area 12 shaft. Several experiments involved a few kilograms 
of uranium-238. Six experiments involved a few microcuries of irradiated 
uranium tracer (typically 3.5 g of uranium-238, and in one case, 10.6 g of 
uranium-235). Up to 7 tons of road salt were used as an energy absorbant for 
each of the major experiments. In each experiment, after the HE was 
detonated, the containment vessel was unsealed and the salt was removed, 
sometimes with the help of jackhammers. According to several site employees, 
the salt was disposed of at the T A-54 waste disposal site. Following the final 
experiment, the containment bottle also was disposed of off-site, probably at 
TA-54. 

During the containment experiments, the area was monitored routinely for the 
release of radiation. For example, field notes indicate that after several 
experiments in May 1961, low levels of gross alpha contamination were noted 
on the interior surfaces of the metal liner and the compressed salt. However, 
there is no indication from any records or interviews that contamination was 
released to the site environment from the confinement experiments or from any 
other Area 12 activities. 

After the containment experiments were concluded in 1961, Area 12 structures 
were used to support operations at the Cable Pull Test Facility, which was 
constructed in the early 1960s just across the access road from the Bottle 
House. The Bottle House shaft was backfilled with crushed tuff and a hydraulic 
system, including a fluid reservoir, compressor, and hydraulic lines, was 
installed in the building (Eller 1992, 0035). A buried hydraulic line, which 
probably is still present, connected the Bottle House to the Cable Pull Test 
Facility. The site construction engineer responsible for Area 12 recalls that no 
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spills of any type occurred and estimated that the total capacity of hydraulic fluid 
was less than 10 gal (Eller 1992, 0035). Field inspections in 1987 and 1991 
noted that oil probably was still present in the Bottle House equipment and 
some leakage onto the Bottle House floor was noted (Eller 1992, 03-0003; 
Weston 1989, 03-0015). During these inspections, a sign indicating that the 
hydraulic equipment is free of PCBs was noted. 

Inspection of the Cable Pull Test Facility in September 1991 did not reveal 
obvious spill areas, but the seriously deteriorating condition of the structure was 
noted. A 10-ft-diameter depression that contained an unmarked, empty 
3-gal. drum and a small area of discolored SOil also was noticed. Historical 
information indicates that this area was used only as a staging area for activities 
in Area 2 and Area 12 (Eller 1992, 03-0035) . 

In 1987 as part of the A-411 survey of MDA AB, 12 soil samples and 11 
vegetation samples were collected around the Bottle House area and analyzed 
for radionuclides (Soholt 1990, 0698). Area 12 data are not specifically cited in 
the A411 report but are available for evaluation and are presented in summary 
form in Table 6.6-2 and Figure 6.6-2. Although most samples had analyte levels 
near background or analytical detection limits, a few samples showed 
radionuclide levels slightly above background but well within the action levels 
discussed in Section 5.1. The most elevated contaminant level is for plutonium-
239/240, for which one sample exhibited 0.69 pCI/g. The data indicate that 
surface contaminants at Area 12 are low level and highly discontinuous in 
distribution, which is typical for other SWMU areas at TA-49 . 

In 1990, soil samples from the roadway between the Bottle House and the 
Cable Pull Test Facility were surveyed for gross alpha/beta and gamma 
radioactivity (Romero 1990, 03-0040). Levels of radionuclides were found to be 
at or below regional background levels or analytical detection limits. 

Air-monitoring and dOSimetry Station 32, part of the Laboratory's environmental 
surveillance network, is located about 100 ft northwest of the Bottle House. Air 
concentrations of tritium, total uranium, plutonium-238, plutonium-239/240, and 
americium-241, as well as penetrating radiation dose rates (TLD exposure), are 
measured at this station and compared to results from similar stations at the 
State Road 4 entrance to T A-49 and at other Laboratory sites. Results are 
reported in the A-411 report (Soholt 1990, 0698) and in the annual Laboratory 
Environmental Surveillance reports (for example, ESG 1990, 0497). TLD dose 
rates at Area 12 have remained within the statistical range of regional 
background levels since Station 32 was installed in 1987. 

A level of plutonium 239/240 slightly above background was recorded at Station 
32 during one quarter of 1987 (Purtymun and Stoker 1987, 0204). However, 
radionuclide concentrations observed in this quarter and in all other periods 
since the station was installed have been less than 1% of DOE concentration 
guides for on-site areas (Soholt 1990, 0698; ESG 1990, 0204). The maximum 
ratio of measured TRU concentration to guideline concentration for any 
radionuclide was «0.1 % (32 x 10-18 mCi/ml for plutonium 239/240). 

Jl.rea 12 is located immediately adjacent to Area 2, where surface soil 
contamination by radionuclides is documented (see Chapter 7). It is possible 
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TABLE 6.6-2 

RADIONUCLIDE ANALYSES FOR AREA 12 SOILS AND VEGETATIONa,b 

(a) Area 12 Soils 

Number of Arithmetic Regional Soil 
Analyte Samples Range Mean Background Comment 

U-235/238 ratio 5 0.0053-.0080 0.0065 0.0073 

Total U 12 2.3-73.6 ppm 11.0 3.8 (0.4) One sample >14 ppm 

Pu-239/240 8 0.04-0.69 pCi/g 0.31 pCi/g 0.019 (0.002) pCi/g Three samples >0.23 pCi/g 

Pu-238 8 0.002-0.014 pCi/g 0.0067 pCi/g 0.003 (0.003) pCi/g 

Gross gamma 12 8-67 pCi/g 15 pCi/g 10 (1) pCi/g One sample> 12 pCi/g 

Am-241 12 BOL-0.45 pCi/g 0.072 pCi/g Two samples >0.05 pCi/g 

Cs-137 12 BOL-0.84 pCi/g 0.43 0.88 (0.18) pCi/g 

(b) Area 12 Vegetation 

Number of Arithmetic 
Analyte Samples Range Mean Comment 

Total U 10 0.2-3.1 ppm 1.1 One sample> 1.5 ppm 

Pu-239/240 10 0.002-0.013 pCi/g 0.005 pCi/g 

Pu-238 11 0.002-0.014 pCi/g 0.002 pCi/g One sample >0.003 pCi/g 

Am-241 10 0.002-0.006 pCi/g 0.003 pCi/g 

Cs-137 10 0.15-3.1 pCi/g 1.1 pCi/g One sample> 1.5 pCi/g 

aArea 12 data are from the 1987 A411 study (Soholt 1990, 0698). BOL = below detection limit. The analytical quality level was essentially the 
same as that proposed for this RFI (that is., Level III; see Table 5.7-2 for detection limits and methods). 

bRegional soil backgrounds are taken from Table G-32 of the 1989 ESG report (ESG 1990,0308); the standard deviation is given in 
parentheses . 
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Figure 6.6-2 Area 12 soil sampling locations and summary of results from 
the 1987 A411 survey [adapted from Soholt 1990 (0698)]. 
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Area 12 

that airborne transport of Area 2 soils is the source of the slightly elevated soil • 
and air concentrations of radionuclides that have been observed in Area 12. 

The 1990 Laboratory SWMU report also lists acids, organics, volatiles, and 
grease as potential contaminants in a grouping of T A-49 surface soil SWMUs 
including Area 12. However, the available historical information indicates no 
credible purpose for the past use of such materials in Area 12. Therefore, the 
likelihood that these contaminants are present at detectable levels at Area 12 is 
very low, except possibly for low levels of organics within the Bottle House and 
at the discolored soil area south of the roadway. 

Current use of Area 12 is limited to air-monitoring at Station 32 and occasional 
use of portable microwave experimental equipment in the roadway between 
Area 10 and 12. Present use does not involve hazardous or radioactive 
materials, and no change in the use of Area 12 is foreseen for the indefinite 
future. 

6.6.3 Data Needs and Objectives and Investigation Rationale 

The technical objective of Phase I of the Area 12 field investigation is to further 
demonstrate and document that contaminants are not present above action 
levels, thereby verifying Area 12's suitability for unrestricted Laboratory use, 
subject to site-wide restrictions that result from the use of TA-49 as a firing site 
buffer zone. Based on existing information described above and in preceding 
chapters of this OU work plan, the observational approach implies that Area 12 • 
characterization needs are limited to those that directly address the following 
decision question: 

Do contaminants of concern exist above action levels in 
surface soils at Area 121 

This question will be answered by a combination of area radiological surveys 
and discrete sampling and Level III analysis of surface soils. The rationale for 
analysis at Level III is given in Chapter 5. 

Specific aspects of the field investigation include: 

• 
• 

• 

radiological surveys of the area indicated in Figure 6.6-3; 

collection of discrete surface soil samples (at a depth interval of 
o to 6 in.) around the Bottle House and Cable Pull Test Facility 
areas for Level III analysis for radionuclides and metals; 

collection of discrete soil samples (at a depth of 0 to 6 in.) from 
the Bottle House floor and the discolored soil area for Level HI 
analysis for radionuclides, metals, PCBs, and SVOCs. 

Based on site historical information, it is reasonable to focus the investigation 
primarily on the Bottle House area because this is the most likely location of 
Area 12 contamination at levels of concern, if it exists. It is assumed that area 
radiological surveys, discrete surface soil sampling, and Level III analyses for • 
RCRA metals, total uranium, isotopic plutonium, gamma spectrometry (which 
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yields gross gamma radioactivity, americium-241, and cesium-137 levels) and 
gross alpha/beta radioactivity will serve as sufficient indicators for Area 12 
surface contamination above action levels. It is further assumed that sampling of 
the shaft is not required, as discussed in Section 6.6.1, and that soil sampling 
over a depth range of 0 to 6 in. will reliably indicate the presence of significantly 
eievated contaminant levels at Area 12. 

Gross alpha, gross beta, and gamma spectrometry measurements (using either 
the fieid Laboratory or an off-site analytical laboratory) will be conducted for all 
samples collected. One-half of these samples, plus all samples for which 
above-background levels of these analytes are indicated, also will be analyzed 
at Level III in an analytical laboratory for isotopic plutonium, total uranium, and 
RCRA metals. 

Only a single phase of investigation is likely to be necessary at Area 12 
because the field investigation is likely to confirm that contamination levels 
above action levels do not exist (that is, a negative answer to the decision 
question). In this case, the RFIICMS will cease and NFA will be proposed. If this 
expectation is not borne out by the initial field investigation (that is, a positive 
answer to the decision question), statistically based Phase 1/ sampling may be 
required that would involve more extensive surface and subsurface sampling 
and a wider analyte suite. 

6.6.4 Sampling Plan 

The Bottle House and Cable Pull Test Facility have not been used in over 25 yr 
and have seriously deteriorated. Surface debris that would interfere with soil 
screening and sampling will be removed and disposed of before soil sampling 
activities. It is anticipated that radiologic surveys will show that the debris can 
be disposed of at a suitable Laboratory waste disposal facility. Subsurface 
hydraulic lines will not be removed in the RFJ. 

An area radiological survey then will be conducted using hand-held or tripod
mounted detectors or mobile gamma spectrometry systems. At least 90% of the 
area indicated in Figure 6.6-3 will be covered by this survey. If above
background levels are detected, the survey will be extended beyond the 
indicated area until background levels or the limits of detection are reached. If 
hot spots are detected, they will be located precisely and sampled to a depth of 
6 in. for Level III as described above. The spatial variability around hot spots will 
be determined by survey instrumentation and by collection of samples at a 
depth of 6 to 12 in. below the hot spots and at a lateral distance of 1 m from the 
hot spots. 

Discrete surface soil sampling will be carried out where indicated in Figure 
6.6-3. The 11 sampling locations around the Bottle House were selected to 
complement the earlier A411 data by providing supplemental sampling points 
immediately adjacent to the structure and at a slightly greater distance than in 
the A411 sampling. The combination of analytical results from these locations 
and the data collected in the 1987 A411 survey should be sufficient to allow 
statistical analysis of Area 12 soil contamination levels. Sample collection and 
analysis for these samples will be conducted as described for hot spot samples. 
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FIGURE 6.6-3 Proposed Area 16 RFI sampling locations. Four additional soil samples 
w;[: be collected from the Bottle House floor. 
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Four soil samples each will be collected from the Bottle House floor and soils 
beneath the Cable Pull Test Facility in locations where hydraulic fluid leaks 
most probably would have occurred (for example, areas of discolored soil). 
These samples will be collected and analyzed as described for surface soil 
samples, with the addition of Level III analysis for SVOCs and field screening 
for PCBs. If positive indications are obtained for PCBs, Level III analysis will be 
performed. 

One sample also will be collected from the discolored soil area indicated in 
Figure 6.6-3 and evaluated for the suite of analytes used for soils from the 
Bottle House floor. 

QA/QC field samples will be addressed as indicated in Tables 6.6-1 and E-6 
(Appendix E) . 
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7.0 MDA AB-HYDRONUCLEAR SHAFfS 
AND RELATED AREAS 

Description, Data Needs Objectives, and 
Sampling Plan for: 
- SWMU 4g..o01 (a - g) 
- SWMU 4g..o01 (miscellaneous) 

7.1 Introduction 

This chapter is concerned with Material Disposal Area AB (MDA AB), the most 
important waste unit at T A-49. The chapter outlines data needs and field 
investigation objectives for this unit and provides details of the field investigation 
to achieve these objectives. General historical and environmental information 
on TA-49 is given in Chapter 3 (TA-49 Background) and Chapter 4 (TA-49 
Environmental Setting and Conceptual Model). Section 4.11 outlines a 
conceptual model for TA-49, with special focus on MDA AB, that includes 
consideration of exposure scenarios. Chapter 5 contains a discussion of 
assessment and remediation considerations pertinent to MDA AB and outlines 
the general data quality objectives (DOO) process used to develop the field 
characterization plan discussed in Chapter 7. 

Chapter 7 is organized as outlined below. 

• 

• 

• 

• 

Section 7.2 provides the history and site description of SWMUs 
49-001 (a through g, and miscellaneous) located in or adjacent 
to experimental Areas 1, 2, 2A, 28, 3, and 4, which make up 
MDAAB. 

Section 7.3 contains a detailed description of potential 
contamination and source terms in each of these areas. 

Section 7.4 addresses data needs, objectives, and the rationale 
of the field investigation. 

Sections 7.5 and 7,6 describe surface and subsurface 
investigations for Phase' of the AFI. Phase II investigations are 
described in Section 7.7. 

Figure EXEC-3 and Appendix A show the location of MDA AB at TA-49. Figures 
4.4-2 and 4.7-1 show the locations of permanent sediment sampling stations 
and boreholes deeper than 150 ft in the vicinity of MDA AB. Appendix 8 
contains engineering drawings for this unit extending back to 1961. Survey 
coordinates and depths for boreholes at MDA AB and other areas of TA-49 are 
given in Table 4.4-2. 

Figure 3.1-1 shows T A-49 aerial photographs that include MDA AB. These 
photographs were taken in October 1965 when most structures still remained 
from the hydronuclear experiments, in July 1977 after several surface cleanup 
campaigns and immediately after the La Mesa forest fire, and in September 
1991. 
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A close-up view of MDA AB shortly after the period of peak site activity (late 
1959 to mid-1961) is shown in Figure 7.1-1(a-d). Figure 3.1-2 shows recent 
low-altitude oblique aerial photographs of MDA AB. Table 7.1-1 correlates MDA 
AB experimental areas with SWMU numbers and gives contaminant inventories 
believed to be present in each experimental area. 

Measurements and analyses for Phase I field investigations at MDA AS are 
summarized in Table 7.1-2 (a - e). A logic chart for the MDA AB field 
investigation is provided in Figure 7.1-2. 

The shaft areas under Areas 1, 2, 2A, 2B, 3, and 4 makeup SWMUs 49-001 
(a - f) respectively. SWMU 49-001 (g) comprises surface soil contamination in 
these areas. SWMU 49-001 (miscellaneous) is a nonspecific category 
mentioned in the 1990 SWMU report. In this OU work plan, this SWMU has 
been addressed under SWMUs 49-001 (a-g). 

7.2 Description and History of MDA AS 

7.2.1 General Information 

MDA AB was the location of the hydronuclear and related experiments 
performed from late 1959 to mid-1961 that deposited virtually all the 
contaminants that are expected to exist at TA-49. As is discussed below in 
greater detail, very little other use has been made of MDA AB. In late summer 
of 1961, the hydronuclear and related experiments at TA-49 ceased, but for a 
while T A-49 continued to be employed as a staging and calibration area for 
equipment used at the Nevada Test Site. The final underground experiments at 
MDA AB were carried out in Area 4 in August 1961. 

Except for Area 3, which is believed to contain little hazardous or radioactive 
materials, all of MDA AB currently is enclosed by a locked industrial fence, and 
access is controlled by the Laboratory's Environmental Management Division. 
The fenced portion of MDA AB also encloses Areas 5 and 11 and the enclosed 
units are managed together. 

MDA AB comprises six separate experimental areas (1, 2, 2A, 28, 3, and 4). As 
indicated in Table 7.1-1 and in subsequent sections of this chapter, all of these 
areas (except Area 3) contain significant TRU and heavy metal contamination 
from about 35 hydronuclear and 12 related calibration and equation of state 
experiments (Thorne and Westervelt 1987,03-0014). At least 23 additional 
underground containment, equipment development, and mockup experiments 
were carried out, which involved high explosives and, in a few cases, very small 
amounts of uranium-238 or radioactive tracer but no fissile materials (SNM, or 
special nuclear materials). Figure 7.2-1 (a-e) gives additional information on the 
contents, layout, and depths of the experimental holes. 

The hydronuclear and related experiments involved high-explosive (HE) 
dispersal of significant quantities of SNM (uranium-235 and plutonium-239) as 
well as lead, beryllium, and uranium-238 at the bottom of the shafts. As a 
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Figure 7.1-1 
October 1965 Aerial 
photograph of MDA AB . 
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MDAAB 

CORRELATION CHART FOR MDA AS SWMU NUMBERS, AREA DESIGNATIONS, 
AND CONTAMINANT INVENTORIES 

SWMU MDAAB Pu U-235 U-238 
Number Area (kg) (kg) (kg) 

49-001 (a) Area 1 1.06 0.00 62.3 

49-001 (b) Area 2 12.62 47.4 52.5 

49-001 (c) Area 2A 3.75 9.8 10.6 

49-001 (d) Area 2B 5.67 6.4 14.7 

49-001 (e) Area 3 0.00 0.005 0.030 

49-001 (f) Area 4 17.04 29.4 29.0 

TOTAL 40.14 93.0 169.1 

The range of isotopic composition (wt. %) of the plutonium is as follows: 

239 (93.5-94.2%), 240 (5.30-6.05%), 241 (0.458-0.563) 

• 

• 
The amount of lead estimated to be in underground shafts at MDA AB possibly exceeds 90,000 kg; 11 kg of beryllium 
also is believed to be present in the shafts. 

Approximately 0.20 kg of americium-241 will have been produced in the shafts from the decay of plutonium-241; the 
present amount is about 0.15 kg. However, 0.20 kg of americium is never reached, because the americium also decays. 

• 
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TABLE 7.1-2(a) 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE I INVESTIGATIONS 
FOR AREA 1 OF MDA AB 

Number of Samples 

Analytical samples 
QAsamples 

Rinsate blank 
Field duplicate 
Field blank 

Total number of samples 

Surface 
Soli 

Samples 

20 

1 
1 
1 

23 

Vertical 
Borehole 
Samples 

30 

2 
2 
2 

36 

Lateral 
Borehole 
Samples 

46 

2 
2 
2 

52 

Chapter 7 

All soil and core samples will be screened for alpha, beta, and gamma radioactivity using field survey instruments . 

• 

Where appropriate, and depending upon convenience and field laboratory availability, analyses will be performed in 
either the field laboratory or off-site analytical laboratory. Gamma spectrometry yields americium-241, cesium-137, and 
gross gamma radioactivity levels. 

Number of Laboratory Analyses 

Surface Borehole Lateral Level III 
Soil Core Core Method 

Total uranium 12 18 26 ICPMS 
Isotopic plutonium 12 18 26 Alpha spectrometry 
Gross alphalbeta 23 36 52 Gas-flow proportional counter 
Gamma spectrometry 23 36 52 Gamma spectrometry 
RCRA metals 12 18 26 SW 6010 

Total number of analyses 82 126 182 

Numoer of vertical boreholes11inear feet: 1 noo 

Number of lateral boreholesllinear teet: 1/400 

• Geophysical and radiologiC survey area: 18,750 ft2 
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TABLE 7.1-2(b) 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE I INVESTIGATIONS 
FOR AREA 2 OF MDA AB 

Number of Samples 

150ft 
Surface Vertical Lateral Shallow 

Soil Borehole Borehole Borehole 
Samples Samples Samples Samples 

Analytical Samples 48 62 46 12 
QA Samples 

Rinsate blank 2 3 2 . 1 

Field duplicate 2 3 2 1 
Field blank 2 2 1 

Total Number of Samples 54 71 52 15 

MDAAB 

• 

All soil and core samples will be screened for alpha, beta, and gamma radioactivity using field survey instruments. 
Where appropriate, and depending upon convenience and field laboratory availability, analyses will be performed in 
either the field laboratory or off-site analytical laboratory. Gamma spectrometry yields americium-241, cesium-137 an. 
gross gamma radioactivity levels. 

NUmber of Laboratory Analyses 

Surface 150 ft Lateral Shallow Level III 
Soil Borehole Borehole BoreHoles Method 

Total uranium 27 36 26 8" ICPMS 
Isotopic plutonium 27 36 26 8 Alpha spectrometry 
Gross alphalbeta 54 71 52 15 Gas-flow proportional counter 
Gamma spectrometry 54 71 52 15 Gamma spectrometry 
RCRA metals 27 36 26 8 SW6010 

Total number of analyses 189 250 182 54 

Number of vertical boreholes/linear feet: 21850 

Number of shallow boreholes/linear feet: 4136 

Number of lateral boreholes/linear feet: 1/400 

Area screened radiologically: 45,000: tt2 
Geophysical survey area: 38,000 ft2 

Number of core fluid samples: 4 • NJmber of soil characteristic samples: 3 
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TABLE 7.1-2(c) 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE IINVES,.IGATIONS 
FOR AREA 3 OF MDA AB 

Number of Samples 

Analytical samples 
QA samples 

Rinsate blank 
Field duplicate 
Field blank 

Total number of samples 

Surface 
Soil 

Samples 

20 

1 
1 
1 

23 

Vertical 
Borehole 
Samples 

30 

2 
2 
2 

36 

Chapter 7 

All soil and core samples will be screened for alpha, beta, and gamma radioactivity using field survey instruments . 

• 

Where appropriate, and depending upon convenience and field laboratory availability, analyses will be performed in 
either the field laboratory or off-site analytical laboratory. Gamma spectrometry yields americium-241, cesium-137, and 
gross gamma radioactivity levels. 

• 

Number of Laboratory Analyses 

Total uranium 
Isotopic plutonium 
Gross alphalbeta 
Gamma spectrometry 
RCRA metals 

Total number of analyses 

Surface 
Soil 

12 
12 
23 
23 
12 

82 

Number of vertical boreholesi1inear feet: 1/150 

Geophysical and radiological survey area: 

TA-49 Operable Unit RFI Work Plan 

Borehole 
Core 

18 
18 
36 
36 
18 

126 

18,750 ft2 

7-7 

Level III 
Method 

ICPMS 
Alpha spectrometry 
Gas-flow proportional counter 
Gamma spectrometry 
SW 6010 

May 1992 



TABLE 7.1-2(d) 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE I INVESTIGATIONS 
FOR AREA 4 OF MDA AB 

Number of Samples 

Analytical samples 
QA samples 

Rinsate blank 
Field duplicate 
Field blank 

Total number of samples 

Surface 
Soil 

Samples 

20 

1 
1 
1 

23 

Vertical 
Borehole' 
Samples 

30 

2 
2 
2· 

36 

• 

All soil and core samples will be screened for alpha, beta, and gamma radioactivity using field survey instruments. 
Where appropriate, and depending upon convenience and field laboratory availability, analyses will be perfOrmed.' 
either the field laboratory or off-site analytical laboratory, Gamma spectrometry yields americium-241, cesium-137, a 
gross gamma radioactivity levels, ' 

Number of Laboratory Analyses 

Total uranium 
Isotopic plutonium 
Gross alpha/beta 
Gamma spectrometry 
RCRA metals 

Total number of analyses 

Surface 
Soil 

12 
12 
23 
23 
12 

82 

Number of vertical boreholes/linear feet: 

Geophysical and radiological survey area: 

T A-49 Operable Unit RFI Work Plan 

Borehole 
Core 

18 
18 
36 
36 
18 

126 

1/150 

18,750 ft2 

7-8 

Level III 
Method 

ICPMS 
Alpha spectrometry 
Gas-flow proportional counter 
Gamma spectrometry 
SW6010 
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TABLE 7.1-2(e) 

SUMMARY OF SAMPLES AND ANALYSES FOR PHASE II INVESTIGATIONS 
OFMDAAB 

Number of Samples 

Analytical samples. 
QAsamples 

Rinsate blank 
Field duplicate 
Field blank 

Total Number of Samples 

Surface 
Soil 

Samples 

100 

5 
5 
5 

115 

Vertical 
Borehole 
Samples 

120 

6 
6 
6 

138 

Chapter? 

All soil and core samples will be screened for alpha, beta, and gamma radioactivity using field survey instruments. Where 
appropriate, and depending upon convenience and field laboratory availability, analyses will be performed in either the 

•
field laboratory or off-site analytical laboratory. Gamma spectrometry yields americium-241, cesium-137, and gross 
gamma radioactivity levels. 

Number of Laboratory Analyses 

Total uranium 
Isotopic plutonium 
Gross alphalbeta 
Gamma spectrometry 
RCRA metals 

Total number of analyses 

Surface 
Soil 

58 
58 

115 
115, 
58 

404 

Number of vertical boreholes/linear feet: 

Geophysical and radiological survey area: 

• 
T A-49 Operable Unit RFI Work Plan 

Borehole 
Core 

69 
69 

138 
138 
69 

483 

4/600 

60,000 ft2 

7-9 

Level III 
Method 

ICPMS 
Alpha spectrometry 
Gas-flow proportional counter 
Gamma spectrometry 
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Use radiological and geophysical 
surveys to guide surface sampling 

INITIATE FIELD INVESTIGATION 

NO 

MDAAB 

SURFACE SOIL CHARACTERIZATION 
Phase I 

SUBSURFACE SOIL CHARACTERIZATION 
Phase I 

Conduct geophysical and radiological surveys; 
collect surface soil samples on grids; 
collect additional samples In drainage 

channels and hot spots; conduct 
surface geologic surveys 

Perform field screening on all samples 
as required by FSP 

FIELD LABORATORY 
Perform field analysis 

Follow guidance 
in FSP 10 continue 

or terminate 
sampling 

Drill and sample. vertical and 
lateral vertical boreholes 

Subsurface 
Sampling 

YES 

YES 

NO 

ANALYTICAL LABORATORY 
Submit samples for off site laboratory analysis as per FSP 

Implement guidance in FSP for 
Phase II site characterization 

Perform corrective-measures studies 

Figure 7.1-2 Logic flow for field investigations at MDA AB. 
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Chapter 7 MDAAB 

FIGURE 7.2-1 MDA AB SHOT HOLE PATTERNS &DEPTH 
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FIGURE 7.2-1 MDA AB SHOT HOLE PATTERNS &DEPTH 
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FIGURE 7.2-1 MDA AB SHOT HOLE PATTERNS &DEPTH 
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FIGURE 7.2-1 MDA AB SHOT HOLE PATrERNS &DEPTH 
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FIGURE 7.2-1 MDA AB SHOT HOLE PATTERNS &DEPTH 
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result, MDA AB is believed to contain about 40 kg of plutonium, 93 kg of 
uranium-235, 170 kg of uranium-238, 11 kg of beryllium, and perhaps 90 000 kg 
or more of lead. Approximately 0.20 kg of americium-241 has grown in from 
decay of plutonium-241 (see Table 5.3-1). During the entire series of 
experiments, the maximum fission energy released from a single experiment 
was equivalent to four-tenths of a pound of HE, which is an insignificant energy 
release compared to the energy released by the HE used in the experiments. 
As discussed below, the maximum radius of underground contaminated zones 
directly resulting from the detonations is believed to be limited to about 10 to 
15 ft, and less in most cases. 

7.2.2 Hydrogeologic Studies at MDA AB 

As described in Chapters 3 and 4, site hydrogeologic characterization and 
periodic monitoring of TA-49 were conducted during a cooperative effort 
between the USGS and the Laboratory, starting before TA-49 experiments 
began in late 1959 and continuing until 1970. The initial investigation focused 
on ensuring that residual materials that would be left in the experimental holes 
now included in MDA AB would be contained indefinitely in the shafts. The 
results of this extensive investigation are reported in Weir and Purtymun (1962, 
0228), Purtymun and Ahlquist (1986,03-0013), and Purtymun and Stoker (1987, 
0204). Additional information is contained in a number of internal Laboratory 
reports. 

The fundamental conclusion of these studies was that "recharge to the ground 
water from Frijoles Mesa is very small or nonexistent; thus no contaminants in 
solution are likely to be carried to the ground water beneath T A-49." These 
conclusions are based in part on detailed study of a number of boreholes drilled 
in and around the experimental areas now included in MDA AB. 

Before the TA-49 hydronuclear experiments began, deep test wells DT-5A, 
DT-9, and DT-10 were drilled through Frijoles Mesa into the main aquifer to 
determine the thickness of the tuff and volcanic sediments, the hydrologic 
characteristics of the main aquifer, and the presence or absence of perched 
water (none was found). Well DT-5A (1821 ft deep, cased to 1821 ft) is located 
in Area 5 near the center of the experimental areas now included in MDA AB. 
Wells DT-9 (1501 ft deep, cased to 1501 ft) and DT-10 (1409 ft deep, cased to 
1409 ft) are located about 1 mile downgradient with respect to flow in the main 
aquifer (see Figure EXEC-3 and Appendix A). Two other deep boreholes 
(DT-5P, 692 ft deep, plugged and abandoned; DT-5, 962 ft deep, cased 0 to 
180 tt, open 180 to 962 tt) were drilled within 100 ft of DT-5A but did not 
penetrate the main aquifer. Stratigraphic diagrams derived from logs of these 
deep boreholes are shown in Figure 4.5-3 and available logs and well 
characteristics are listed in Table 4.4-2. 

During the initial site characterization, four boreholes (Core Holes 1-4, or CH-1, 
CH-2, CH-3, and CH-4) were drilled beneath MDA AB and cased with 2-in. 
galvanized pipe. These boreholes, ranging in depth from about 300 ft (Areas 3 
and 4) to 500 ft (Areas 1 and 2), were drilled in the centers of the four main 
experimental areas to detail the geologiC and hydrologic characteristics of the 
underlying tuff. As was the case with the deep test wells, no perched water was 
found at the time of well construction. The boreholes have been used to the 
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present day for subsurface monitoring. Surface geology of the area was 
mapped and correlated with subsurface geology, as determined from logs of the 
test wells and other holes around MDA AB. 

Before pipe was set in Core Hole 1 and Core Hole 2, the holes were filled with 
fluid to facilitate geophysical logging. A large but unquantified volume of fluid 
was lost in Core Hole 2, as described later in this chapter. This fluid provides a 
possible source of standing water observed occasionally in this borehole. Large 
volumes (perhaps as much as 2.5 to 10 million gal.- see ensuing discussion) of 
fluids also were lost in hole DT-5A below a level of about 285 ft during logging, 
further demonstrating the presence of highly permeable zones beneath MDA 
AB. 

Neutron probes were used on several occasions to measure subsurface 
moisture in monitoring holes in and around MDA AB. The locations of existing 
moisture monitoring holes are indicated in Figure 4.7-1. As discussed in 
Chapter 4, in well-drained areas where the protective soil cover is relatively 
undisturbed, evapotranspiration processes dominate infiltration processes. 
Below a depth of about about 10 to 20 ft, the tuff moisture content typically is 
less than about 10% by volume and is hardly affected by precipitation at the 
surface. 

In addition to logs from the deep holes mentioned above, soil and tuff 
characteristics were examined and mapped to a maximum depth of about 120 ft 
for many 6-ft-diameter holes drilled in MDA AB (Weir and Purtymun 1962, 
0228). Numerous Laboratory photographs, fracture maps, and field notes are 
still available from the mapping of the experimental holes, as indicated in 
Table 4.4-2 and Appendix D. 

In addition to the boreholes mentioned above, 2-ft-diameter observation holes 
were drilled at TA-49. Appendix D contains logs for these holes, which are 
referred to as "Alpha Hole" (189 ft deep, south of Area 12) and "Beta Hole" (180 
ft deep, in Water Canyon directly north of Area 5). A third hole, referred to as 
"Gamma Hole," was drilled to a depth of 54 ft in Ancho Canyon southeast of 
Area 4. When they were drilled, none of these holes contained perched water. 
Alpha and Beta holes have been dry during numerous observations since 1961, 
but about 50 ft of water was found in Gamma Hole in the spring of 1960 shortly 
after installation. This water was attributed to infiltration of snowmelt through the 
canyon alluvial material through which the upper portion of the well was drilled 
(Purtymun and Ahlquist 1986,03-0013). 

7.3 Existing Information on Potential Contamination and Source 
Terms 

7.3.1 General 

Almost all the waste residues at MDA AB were dispersed by detonation and are 
believed to remain in the shaft bottoms in the immediate vicinities of the 
detonation points. It was reported in 1986 that" .... the material in the shafts 
represents 80% of the Laboratory's inventory of transuranic waste ... " (Purtymun 
and Ahlquist 1986, 03-0013). This statement refers to radioactivity content (not 
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waste volume) and still is qualitatively true. Unlike in Areas 1, 2, 2A, 2B, and 4, e 
SNM never was used in Area 3, and only a few tens of grams of uranium were 
deposited (see Table 7.1-1). For this reason, Area 3 was not enclosed by the 
industrial fence that presently encompasses the rest of MDA AB. 

Less than 10 mCI of fission products are believed to remain from the 
hydronuclear and related experiments and only a few curies (or less) of tritium 
(now decayed through almost three half-lives) were. expended in the 
experimental shafts (Barr 1991, 03-0001). Explosives containing RDX, HMX, 
barium nitrate, and TNT were used in the downhole experiments and (excluding 
the barium component) are believed to have been consumed with high 
efficiency in the detonations. While HE residuals may be present in the shafts, 
they are believed to be negligible in quantity and hazard when compared to the 
substantial radionuclide and heavy metal contamination known to be present. 

Individual downhole assemblies in the experimental shafts weighed as much as 
8 tons and consisted of cable, steel, iron, aluminum, and other structural 
materials. Such large quantities of structural debris existing in the shafts could 
cause serious complications for any type of drilling, recovery, or stabilization 
remedial activities that might be contemplated for the deeply buried 
contaminants. 

Before the underground experiments involving SNM weJe conducted, 
containment experiments involving "quarter-scale" quantities of HEs were 
carried out in Area 11, as described in Section 6.2 of this au work plan. 
Subsequently, "full-scale" containment experiments, carried out in Areas 1,2, 3, e 
and 4, used much larger quantities of HE than were used in any ensuing 
experiment with SNM. The purpose of the containment experiments was to 
characterize tuff fracturing caused by the underground detonations, thus 
providing information that would be used for the following purposes: 

• 

• 

• 

to ensure that experimental hole depth and shaft backfilling 
methods were sufficient to prevent venting of contaminants to 
the surface; 

to ensure that experimental holes were adequately spaced so 
that, during the excavation of new experimental holes, 
contaminated tuff would not be encountered from a previous 
experiment; and 

to develop sample recovery procedures. 

The containment experiments were highly successful because venting of 
radioactively contaminated gases to the surface was not observed at any time 
during the experimental program and, with a single exception discussed below 
in Section 7.3.6, contaminants were never encountered during excavation of 
new experimental holes adjacent to previously contaminated holes. 

Appendix B contains field sketches of the damage to the tuff caused by two HE 
containment experiments that used much larger amounts of HE than were 
present in any SNM experiments. Photographs of shaft walls after detonation 
also are available in the Laboratory archives. The containment experiments (in 
cOmbtin~tiohn with ~UbSequde,nt hYfdroffnUfClear ~xperimd ents wit,h SNM

d
'> serve

l 
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about 10 to 15 ft from the pOints of detonation. In most cases, the radius is 
almost certainly much less than 10 to 15 ft because much smaller quantities of 
HE generally were used in experiments with SNM than in containment 
experiments. These conclusions are strongly supported by the fact that 
contamination was never encountered (with the exception noted above) during 
many drilling operations adjacent to previously contaminated holes. Detailed 
modeling of explosive-driven contaminant movement into Bandelier tuff has not 
been performed, but a rough calculation based on known or estimated 
engineering properties of Bandelier Tuff confirms the fracture zone radius 
deduced from the experimental program (Gardner 1992, 03-0007). 

Experimental holes in Areas 1, 2, 3, and 4 were spaced at 25-ft intervals on 
100-ft square grid patterns. Areas 2A and 28 have irregular shapes. Figure 
7.2-1 (a-e) shows the hole layouts, depths, and designations by experimental 
area. Experimental holes were typically 6 ft in diameter (but there were 
exceptions) and ranged from 31 to 142 ft in depth. These holes are referred to 
as "experimental holes" to differentiate them from the many other types of holes 
(usually smaller) that were drilled in and around the experimental shaft areas 
and that did not involve the implacement of experimental configurations. The 
experimental holes were nQt all drilled at one time, and holes were not drilled at 
all grid locations. Although most holes were used for experiments, some holes 
were drilled and backfilled without further use and some were used to bury 
contaminated debris. 

Auxiliary smail-diameter holes were used for other purposes in ail primary 
experimental areas within MDA AB. In particular, associated with many 
experimental holes in Areas 2 and 4 were small-diameter holes containing pipes 
that led from the main shaft base to sealed steel boxes pJaced near the surface 
to collect samples of radioactive particulates entrained in the explosive gases. 
These sampling boxes were connected by other pipes to large-diameter holes 
("gas expansion holes") to reroute detonation gases back underground. The 
sampling boxes and piping must be assumed to be contaminated. In addition, a 
number of "pipe dump" holes were excavated, filled with debris (sometimes 
contaminated), and backfilled. It is believed that available information does not 
necessarily account for all of the auxiliary holes. 

IMPORTANT NOTE: In general, it must be assumed that alfholes in and 
around the experimental shaft areas of MDA AB contain contaminated 
material. Not all holes and contaminated equipment currently existing in 
MDA AB are necessarily accounted for in Appendix B, Figure 7.2-1 (a-e) 
and other existing information as summarized in the preceding 
discussion. In addition, the interior of all near-surface piping and 
associated equipment that presently remains at MDA AS (and, in 
particular, that associated with radiochemical sampling), must be 
assumed to be contaminated. 

In typical hydronuclear-related experiments, an experimental configuration was 
placed in the bottom of a hole, instrument cables leading to the surface were 
installed, and the hole was backfilled with sand or crushed tuff. Usually, the 
downhole- package was encased in a steel container with substantial amounts 
of metallic lead. After detonation and completion of measurements and 

• radiochemical sample collection (if required), the cables were severed and hole 
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subsidence caused by the detonation was backfilled with sand or crushed tuff. • 
Holes containing SNM routinely were capped with concrete. In most cases, the 
steel sampling boxes (when used) also were filled with concrete and . left in 
place. 
To minimize radiation exposure of personnel from pulsing of a portable neutron 
source used in some experiments, large, portable concrete radiation shields 
were used. Short-lived activation products, which by now have decayed to 
undetectable levels, would result from operation of the neutron source. 
Occasional monitoring with routine field instrumentation has confirmed that the 
concrete shields have no detectable surface contamination. Approximately ten 
of the concrete radiation shields still remain in the vicinity of Area 2 and 
elsewhere at TA-49. 

According to Laboratory records and interviews of employees knowledgeable 
about this aspect of the TA-49 operations, the SNM expended at MDA AB 
agrees with the total amount listed as taken from the Laboratory's inventory. 
This agreement strongly suggests that all experiment holes and their contents 
have been properly recorded. In addition, the experimental shots reported in the 
Zia Diary covering TA-49 activities at this time agree with those listed as fired in 
Laboratory records (Zia Diary 1959-1962, 03-0016). However, as an additional 
precaution for future activities at TA-49, it should not be assumed that this 
information is complete and accurate in all detail. Therefore, before intrusive 
activities are initiated in the future at MDA AB, field geophysical and other 
investigations· should attempt to verify the archival information on past 
use of the area being investigated. For example, it would be advisable to try to 
confirm that shafts for which there are work orders and/or engineering drawings • 
but no inventory listing, indeed never were used. 

7.3.2 Sediment Sampling from MDA AB Drainages 

Sections 4.7 and 6.1 of this OU work plan discuss environmental monitoring for 
a network of 12 annually sampled sediment stations established in all the 
significant drainages leading from MDA AB. Surface soil and vegetation 
analyses from the A411 survey in 1987 for each experimental area within MDA 
AB are summarized in Table 7.3-1 and are discussed in greater detail later in 
Section 7.3. Several special studies of soil contamination near Area 2 also have 
been carried out in recent years. 

Data collected from the sediment stations over a period of about 15 yr have 
shown that contaminant levels significantly above background are limited to a 
few stations near Area 2, adjacent to known surface contamination from an 
Area 2 drilling incident in 1960 (see Section 7.3.6). In particular, Station A3 near 
Area 2 (see Figure 4.3-3) generally has shown the highest radionuclide 
concentrations. 

The highest radionuclide concentration measured in a surface soil sample at 
MDA AB is about 1660 pCVg of plutonium-239/240 for an individual sample that 
was collected near the Area 2 asphalt pad during a recent speCial study (see 
Section 7.3.6). This individual value far exceeds TRU action levels discussed in 
Section 5.1 of this OU work plan. 

Elevated radionuclide levels in soils and sediments collected near and • 
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• • • TABLE 7.3-1 

SUMMARY OF 1987 A411 SOIL SURVEY RESULTS FOR MDA AB, AREA 11, AREA 12, AND THE OPEN BURNING/LANDFILL AREA 

Area 1 

Area 2 

Area2A 

Area 2B 

Area 3 

Area 4 

Area 11 

Area 12 

Landfill 

Area Total 

Regional 
Background 

Number 
of Soil 
Samples 

34 

20 

25 

22 

42 

71 

14 

12 

65 

305 

'-'" 

Am-241 
Ma~ Mean 

1.4/0.09 

53.98/2.801 

0.790/0143 

0.151/0.041 

0.110/0.026 

1.50/0.41 

22.4/1.39 

0.446/0.072 

3.2210.33 

........ 

HUll u. "'If ~" 

Gross 
Be Cs-137 Gamma 

Maxi Mean Maxi Mean Max/Mean 

4.8/2.4 0.90/0.52 42123 

43.717.4 3.56/0.14 5117.9 

4.8/3.2 1.25/0.58 10.0154 

6.013.5 1.66/0.54 8.0/3.5 

1.6/1.0 2.0/0.47 1214.6 

3.211.8 24.2/0.79 2017.8 

1.0/0.38 1.24/0.48 37/11 

--- .. 0.841/0.430 67/15 

3.5/2.4 3.51/0.73 17/9.3 

1.9 0.88 10 

~" -- ..... _ ........... 
Total Isotope 

Pb Pu-238 Pu239/240 Uranium Ralio 
Maxi Mean Maxi Mean Maxi Mean Max/Mean Maxi Mean 

75/24 0.003/0.001 0.024/0.014 5.6/3.1 0.0104/0.0073 

63/49 0.007/0.003 0.143/0.057 4.4/3.1 0.0079/0.0066 

35/23 0.097/0.011 4.590/0.362 5.0/3.1 0.0078/0.0067 

108/36 0.013/0.005 24.0/1.48 3.212.8 0.0080/0.0070 

16/10 0.006/0.003 0.049/0.015 6.5/3.6 0.0087/0.0070 

119/41 0.041/0.004 2.090/0.081 14.212.7 0.0293/0.0073 I 

3.212.2 3.31/0.36 121/9.30 8.6/4.5 0.0137/0.0080 

---- 0.014/.007 0.69/0.31 74/11 0.0080/0.0065 

55/36 0.031/0.003 0.81/0.08 27.3/6.4 0.0083/0.0067 

24 0.003 0.019 2.4 0.0073 

Data are adapted from the A411 Survey data (So holt 1990. 0698). Arithmetic means are given. Data quality levels are approximately Level III (see Table 5.1-1 
of this au work plan). Detection limits are approximately the same as those given in Table 5.1-1. Radionuclide backgrounds are maximum values taken from 
Table G-32 of the 1989 ESG report (ESG 1990). lI:~ad and beryllium backgrounds are from Ferenbaugh et al. (1990. 0099). 
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downgradient from the asphalt pad apparently are associated with excavation 
by pocket gophers of contaminated soil covered by the fill beneath the asphalt 
pad. This contamination is believed to have been caused by the aforementioned 
drilling incident. From this squrce, it is conceivable that very small amounts of 
radionuclides attached to sediments may have been transported into Water 
Canyon. If so, the contaminants are dispersed over such a large area that 
resulting concentrations are indistinguishable from background. This conclusion 
is substantiated by the fact that sediment samples from station A-9, located 
about 1500 ft downgradient from Station A-3, have shown only background 
levels of radionuclides. The precise downgradient limit of above-background 
radionuclides between A-3 and A-9, however, has not been defined. 

7.3.3 Ground and Surface Water Monitoring 

As already discussed in Section 4.7, groundwater samples have been collected 
from deep well DT-5A, located in the center of MDA AB, for over 30 yr. In 
addition, surface runoff samples have been collected from MDA AB drainages 
on occasion. Analysis of these samples has shown no evidence of water 
contamination from MDA AB or any other portions of TA-49, with the exception 
of Core Hole 2 (see Subsection 7.3.6). 

7.3.4 Air Monitoring 

Air Monitoring Station 32 is located about 100 ft northeast of Area 2. As 
discussed in Sections 4.7 and 6.6 of this OU work plan, on one occasion Station 
32 recorded airborne levels of americium and plutonium that are above regional 
background but orders of magnitude below DOE Concentration Guides for 
onsite areas (Soholt 1990, 0698). It is highly probable that this airborne 
radioactivity is derived from the transport of known low level soil contamination 
in Area 2 during dry, windy periods. 

In 1987, dose measurements from 10 thermoluminescent dosimeters (TLD) 
distributed around MDA AB showed exposures of 96 to 114 mrem (mean value 
106, with an error of about 15%). which is statistically the same as the mean 
value of 103 mrem for 12 stations located at the perimeter of the Laboratory 
(Soholt 1990, 0698). These results are representative of TLD measurements 
obtained around MDA AB since 1987. 

7.3.5 Area 1 

Area 1 was developed initially for containment studies and was used later for 
downhole studies involving uranium-238 and plutonium. As Table 7.1-1 and 
Figure 7.2-1 (a) show, these activities deposited significant quantities of 
uranium·238 and plutonium at the bottoms of several experimental holes in 
Area 1. Six of these holes were shot with small amounts of plutonium and four 
were shot with uranium-238 or radioactive tracers as the only radioactive 
material. (The plutonium holes also contain uranium-238.) Six holes were used 

• 

• 

for containment experiments and should be contaminated only by HE residuals • 
and, in a few cases, small quantities of tracer [for example. Hole 1-Y as shown 
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in Figure 7.2-1 (a)]. Of the other Area 1 holes that were drilled, six were 
backfilled without further use and one was used as a gas expansion hole. Three 
grid locations were never used. 

Other than the initial logging of Area 1 boreholes as they were drilled and 
checking of Core Hole-1 for water on an approximately annual basis, no 
subsurface sampling of Area 1 has been carried out. 

Available information indicates that sample recovery and similar operations, 
which could have caused Significant surface contamination were not conducted 
in Area 1. Site monitoring during and after the experimental program also 
suggests strongly that Significant levels of surface contamination are unlikely to 
exist at Area 1, However, firm documentation of this point is essentially limited 
to the 1987 A411 surface soils survey discussed below. There is some 
indication that slight contamination of an Area 1 structure was found on at least 
one occasion (see Subsection 7.3.7). 

As described in Section 5.3.2 of this OU work plan, a detailed soils survey (the 
A411 survey described in Section 5,3) was conducted at MDA AB in 1987 (ESG 
1990, 0497). Results are summarized in Table 7.3-1 and described for each 
experimental area in Sections 7.3.5 through 7.3.8. Soil sampling and analysis 
methods for the A411 were essentially the same as those proposed for use by 
this OU work plan (that is, Level III data quality). 

The A411 survey included the collection of 34 surface samples on a grid with 
25-ft intervals centered on Area 1, as shown on Figure 7.3-1. Ten vegetation 
samples also were collected in and around Area 1. Analytical results and 
sampling locations are summarized in Table 7.3-2. Except those of americium, 
the mean levels of all soil analytes were near regional background levels. 
Twenty six of the soil samples showed americium below detection limits, and 
only one sample indicated a level above 0.7 pCVg (1.4 pCVg). The vegetation 
samples essentially showed background levels except for one anomalous 
sample that gave 24 pCi/g ash for cesium-137. The A411 results therefore 
strongly support the historical information, which indicates that surface 
contamination at Area 1 is negligible .. 

7.3.6 Areas 2, 2A, and 2B 

7.3.6.1 General Description 

Areas 2, 2A, and 2B were used for hydronuclear and related experiments, as 
described generally in Section 7.2. As Figures 7.2-1 (b) and (c) and Table 7.1-1 
indicate, significant quantities of plutonium, uranium, beryllium, and lead remain 
at the bottom of the shafts used in these experiments. (Only three shafts in 
Areas 2, 2A, and 2B are believed to contain beryllium). Twenty shafts were 
used for plutonium experiments. These shafts also contain uranium-238 and, in 
some cases, uranium-235. Three shafts were used with uranium-235 and 
uranium-238, and three shafts contain only uranium-238 (these six shafts 
contain no plutonium). Four shafts should contain only HE residuals and or 
tracer as contaminants. Seven experimental shafts were backfilled after drilling 
and not otherwise used, and seventeen grid locations were never used. 
(Hole 2-M is treated separately in Section 7.3.6.2.) Several gas expansion and 
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TABLE 7.3-2 

SUMMARY OF 1987 A411 SURVEY RESULTS FOR AREA 1 

Number of Arithmetic 
Units Samples Maximum Minimum Mean Background 

Soils 

Arn241 pCVg 34 1.4 SDL 0.09 
Cs137 pCVg 34 0.90 0.19 0.52 0.88 
Pu238 pCi/g 19 0.003 SDL 0.001 0.003 
Pu239/240 pCi/g 18 0.024 0.005 0.014 0.019 
total uranium f1g1g 34 5.6 1.7 3.1 3.8 
U235/238 ratio 34 0.0104 0.0042 0.0067 0.0073 
gross gamma pCi/g 34 42 4.9 23 10 

Se f1g1g 34 4.8 0.6 2.4 1.9 
Pb f1g1g 34 75 SDL 26 24 

Vegetation (ashed sample) 

Arn241 pCi/g 10 0.004 0.007 0.002 
Cs137 pCi/g 10 24.2 SDL 3.2 
Pu238 pCi/g 10 0.007 SDL 0.002 
Pu239/240 pCi/g 10 0.004 0.002 0.002 
Total U f1g1g 10 0.80 0.10 0.30 

Data are adapted from the 1987 A411 Survey data (Soholt 1990, 0698). Data quality levels are approximately 
Level III and detection limits are approximately the same as those given in Table 5.1 -1. (See Subsection 
5.3.2 of this OU work plan.) Radionuclide backgrounds are maximum values taken from Table G-32 of the 
1989 ESG report (ESG 1990, 0497). Lead and beryllium backgrounds are from Ferenbaugh et al. 
(1990,0099). SDL=below analytical detection limits. . 
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Figure 7.3-1. 1987 A411 Survey soil sampling locations for Area 1 (Soholt 1990, 0698). 
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pipe dump holes are documented in Areas 2, 2A, and 2B and others may be • 
present as well. 

Experiments in Areas 2, 2A, 2B, and 4 were distinguished from those in Areas 1 
and 3 by the use of a pulse neutron source and radiochemical sample recovery 
techniques. Some Area 2 experiments also used a downhole neutron sources, 
that expended a total of a few curies of tritium, now decayed through almost 
three half-lives. 

In Areas 2. 2A, 2B, and 4, short horizontal side-drifts off the bottoms of the main 
shafts were used to direct explosive gases through piping to sealed steel 
radiochemical sampling boxes at the surface. In some cases, sampling pipes in 
Area 2 directly intersected the main shaft. Contaminated residual gases were 
directed back underground through pipes into a gas expansion hole that served 
a number of experimental holes. Surface piping to a gas expansion hole is still 
visible in Area 4. These operations almost certainly have left sampling pipes 
and boxes with contaminated interiors near the surface of Areas 2, 2A' 2B, 
and 4. 

To collect a sample for subsequent radiochemical analysis, researchers would 
detach the sampling box cover and remove the collection device. According to 
site personnel involved in these operations, despite the use of tarpaulins and 
tents over the sampling box, highly localized surface contamination occasionally 
resulted when the sampling boxes were opened. When this occurred, the 
resulting contamination was cleaned to field detection limits or covered with 
clean soil. 

After completion of the experiments, the sampling pipes usually were 
disconnected from the sampling box and expansion hole and then either reused 
or buried in waste disposal holes (the aforementioned "pipe dumpholes," 3-ft 
diameter by 30-ft depth) around the experimental area. The engineering diary 
covering site operations during this period, as well as other engineering 
documents, indicate that at least four dump holes were drilled in Area 2B. 
These holes are presumed to be located as shown in engineering drawings [for 
example, see ENG-C28506 (1963, 03-0023)]. However, as noted above, other 
undocumented holes of this type may exist in Areas 2 and 4, and possibly in 
Area 1. 

Minor contamination from oxidation of lead bricks stored around experimental 
holes also may have occurred. 

7.3.6.2 Surface Contamination from Experimental Hole 2-M 

The most significant unexpected contamination incident during the entire 
hydronuclear program at TA-49 occurred during the drilling of Hole 2·M after 
experiments were conducted with SNM in Hole 2-L in April 1960 (Purtymun and 
Stoker 1987,0204). The succeeding experimental hole (2-M) was completed 
25 ft to the east of Hole 2~L in October. In November. a drift toward the 
southwest was constructed in Hole 2·M. This drift was oriented (probably by 

• 

mistake) toward the southeast-trending drift for Hole 2-L. If drift orientation is • 
accurately indicated in the drift diagram shown in Appendix B, the ends of the 
drifts for Holes 2·L and 2-M are only about 6 to 7 ft apart. This separation 
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apparently was small enough for the HE detonation to disperse contamination 
through fractures in the tuff from the Hole 2-L drift to the Hole 2-M drift. 

In December 1960, alpha contamination in excess of 100,000 counts/min (cpm) 
was noted in the as-yet empty shaft 2-M. Monitoring indicated that surface 
contamination was as high as 800,000 cpm. Lower levels of contamination were 
found on clothing, tools, and vehicles. Contamination as high as 10,000 cpm 
and traceable to Area 2 was found in Area 6 and in the main engineering craft 
shops at TA-3. An investigation of the incident indicated that no personnel were 
contaminated. 

Equipment from this incident that could not be decontaminated, or was of little 
value, was placed in Hole 2-M with contaminated surface soil (as determined 
using field survey instrument~ available at that time. (See Section 3.3 of this OU 
work plan for definitions of the terms "contaminated" and "uncontaminated" in 
this context.) Other contaminated items were sent to low-level radioactive waste 
disposal areas at other T As. 

Apparently. in this incident the detonation in Hole 2-L drove the contamination 
through joints or fractures (either naturally occurring or produced by the 
detonation) into the area subsequently excavated for the Hole 2-M drift. 
Because downhole cross contamination was never again encountered 
unintentionally in the TA-49 hydronuclear program (the minimum distance 
between holes or drifts was about 15 ft in most other cases). the maximum 
probable downhole radius of contaminated zones resulting from the detonations 
can be inferred to be less than about 10 to 15 ft. This conclusion is consistent 
with containment experiments described earlier in this chapter. 

In January 1961, the surface of Area' 2 was capped with compacted clay and 
gravel after all the open holes were filled with sand and crushed tuff. Historical 
estimates of the fill thickness range from 1 to 6 ft, and recent field inspection 
suggests a maximum fill thickness of about 6 ft. The cap was extended 12.5 ft 
beyond the outermost shafts and then paved with 4 to 6 in. of asphalt in 
September 1961 in an effort to retard infiltration of moisture. In April 1961 after 
snowmelt, a radiological survey was made of the surface from Area 2 to the wall 
of Water Canyon. In addition, the floor of Water Canyon and the canyon wall 
were checked for contamination. No detectable alpha activity was found. 

The Hole 2-M contamination incident left near-surface radionuclide' 
contamination beneath the Area 2 asphalt pad. It is almost certain that this is 
the source of most or all of the above-background levels of radiomlclides now 
observed in surface soils around the Area 2 pad and at short distances down 
the natural drainage toward Water Canyon [SWMU 49-001 (g)]. It is estimated 
that approximately 0.8 acres in this drainage downgradient from the TA-49 
exclusionary fence is contaminated with very low levels of plutonium and 
americium from this source (Purtymun and Stoker 1987, 0204). 

After the Area 2 contamination incident, newly drilled holes were carefully 
monitored as they were created and previously drilled holes were checked. In 
no other case was contamination found. 
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Area 2 was abandoned in the spring of 1961 and experiments were continued in • 
adjacent experimental Areas 2A and 2B. 

The only sampling of the intact fill under the asphalt covering Area 2 was 
conducted in September 1987 when a power pole was installed 2 ft northeast of 
Experimental Hole T (Romero 1987, 03-0040). Four samples were collected to 
a depth of 5 ft and were analyzed for gross alpha and gross beta radioactivity. A 
uniform distribution of 44 ± 18 pCVg alpha was found. A second power pole hole 
27 ft north of Hole B - Z in Area 2 B also was sampled. Results from this hole 
were below detection limits (25 pCVg) for both alpha and beta constituents. . 

7.3.6.3 Water in Core Hole 2 (1975 to 1980) 

Core Hole 2 originally was drilled to a depth of about 501 ft (see Table 4.4-2). 
After the asphalt pad was raised to cover the surface contamination from Hole 
2-M, the casing was extended through the fill to the top of the pad. After it was 
partly filled with fluids to facilitate logging, the hole was cased with 2-in. 
galvanized pipe, of which the bottom 20 ft was slotted. Currently, only about 
10ft of slotted section is available as a result of backfilling with sediment. As 
mentioned earlier in this chapter, a large but unquantifiable amount of fluid was 
lost to Core Hole 2 during these operations. No attempt was made to clear the 
fluid and lost circulation material from the hole before setting the pipe. As 
reported in USGS geophysical logs, fluid levels in Core Hole 2 gradually 
declined from 146 ft below land surface during logging in December 1959 to no 
standing fluid in June 1960. 

In March 1975, it was found that the asphalt pad over the backfilled Hole 2-M 
had collapsed, leaving an opening about 6 ft long by 3 ft wide and 3 to 4 ft deep 
in the asphalt and underlying fill (Purtymun and Ahlquist 1986, 03-0013; 
Purtymun and Stoker 1987, 0204). Figure 7.3-2 shows the appearance of this 
hole. Inspection of Core Hole 2 indicated that the fluid level had risen since the 
previous inspection to give about 50 ft of standing water (about 10 gal of water; 
water surface about 450 ft below land surface). The hole in the asphalt probably 
formed in the fall of 1974 and apparently collected snowmelt throughout the 
winter. A check of Core Hole 2 in December 1975 again indicated about 50 ft of 
standing water. In September 1976, the opening over Hole 2-M was filled with 
crushed rock and clay and the entire pad covering Area 2 was repaved with 
another 4 to 6 in. of asphalt (Purtymun and Ahlquist 1986, 03-0013). 

Unfiltered samples of the water bailed from Core Hole 2 in October 1977 and 
August 1978 contained 1.7 to 3.1 pCi/g of plutonium-239, which is above 
background but far below the DOE guideline of 100 000 pCifl for controlled 
areas (Purtymun and Stoker 1987, 0204). It was evident that water in Core 
Hole 2 had come into contact with contamination beneath Area 2. It was 
concluded that the opening in the asphalt pad had allowed water to collect, 
penetrate the pad, and contact subsurface contamination (possibly 
contaminated backfill in Hole 2-M). The contaminated water presumably moved 
through fractures to the Core Hole 2 borehole and sank down the annular 
spacing between the casing and the borehole. (Note that Core Hole 2 is located 
only about 10ft from Experimental Hole 2-M.) 
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Figure 7.3-2 
Appearance of the collapsed 
section of asphalt over Area 2 
in 1975, viewed to the west. 
Hole area was about 3 ft by 6 ft 
and the depth was about 3 to 
4 ft. 
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At several times in April and May of 1979 and from April to June of 1980, about 
150 ft of standing water was measured in the bore hole. During this period, 
water from several levels was bailed from Core Hole 2 and the filtered water 
and suspended sediments were checked for plutonium content. with the results 
shown below. 

Depth Below 
Land Surface to 

Water (ft) 

350 
420 
495 

Plutonium Content of Bailed Sample 
Solution Suspended Sediment (0.45 1.1 filter) 

2.5 
0.1 
5.5 

0.54 
0.72 
0.55 

Core Hole 2 was bailed dry in June 1980 and the bailed water was discarded at 
a radioactive waste disposal facility elsewhere at the Laboratory. From 1980 
through 1987. Core Holes 1 through 4 were checked for standing water on an 
approximately annual basis. No standing water was detected during this period 
in any TA-49 borehole. including Core Hole 2. 

It seemed conceivable that the water in Core Hole 2 originated from local 
recharge other than from infiltration through the hole in the asphalt pad. In 
particular. some experimental holes in Areas 2. 2A, and 2B, which had been 

• 

backfilled with sand and crushed tuff, were considered to be possible recharge • 
conduits. Accordingly, in the spring of 1980. access tubes for moisture 
measurements were installed to a depth of 68 to 80 ft in Holes 2A-O, 2A·Y. and 
2B-Y, as shown in Figure 7.3-3 (these holes were not used for experiments and 
therefore should contain no contaminants). In addition, five similar monitoring 
holes were drilled immediately adjacent to Areas 2, 2A, and 2B. as indicated in 
Figure 7.3-3. These five holes penetrated the upper ashflow unit (designated as 
Unit 6 by Weir and Purtymun) and the surge deposit at about 60 to 80 ft below 
the surface (Unit 5) and were completed in the lower ashflow unit at a depth of 
about 120 ft (Unit 4). Neutron moisture logging of the eight access holes 
showed that at depths greater than about 10ft, moisture levels were about 5'% 
by volume or less (see Figure 7.3-4). The moisture measurements gave no 
indication of any recharge or movement of water through the backfilled shafts or 
through the adjacent tuff. 

In 1981, the upper 2 ft of sand in the sand-filled holes in Areas 2A and 2B was 
replaced with concrete. ' 

7.3.6.4 Standing Water in Core Hole 2 (1991 and 1992) 

In May 1991, cracks were noted in the Area 2 asphalt pad, and vegetation 
several feet tall was observed to be growing through the cracks see [Figure 3.1-
2(a)]. Inspection of Core Hole 2 indicated the presence of about 100 ft of 
standing water. The previous check of the hole (on October 28, 1987) showed 
no standing water but did find condensation in the shaft. Through the summer • 
and fall of 1991 and spring of 1992, the depth to the water level was measured 
approximately once a month, with results shown below. 
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Depth from land surface Depth of standing 
Date to water level (ft) water (ft) by sounding 

4/3/91 398.6 97 

5/31/91 423.8 (depth to water level is cleared 72 
to 432.2 ft by sample collection) 64 

712191 431.6 64 

8/22191 430.8 65 

12117/91 434.7 61 

In December 1991, a transducer was inserted in Core Hole 2 for continuous 
monitoring of the water level. The transducer was placed about 14 ft from the 
bottom of the hole. As shown below, the transducer readings indicate that the 
water level remained remarkably stable during this four month period. Additional 
water level data for Core Hole 2 is included in Appendix D of this au work plan. 

Date 

1/17/92 

2117/92 

3/17/92 

4/08/92 

Depth from land surface 
to water level (ft) 

434.7 

435.2 

435.6 

435.8 

Depth of standing 
water (ft) from 
transducecreading 

61.0 

60.5 

60.1 

59.9 

The current stability of the water level in Core Hole 2 is very significant because 
it indicates that the response (if any) is very sluggish to both the intense rainfall 
that occurred throughout the summer of 1991 and the snowmelt in the spring of 
1992. In addition, if the water is derived from a perched zone, then the source is 
either very small or the level is well defined by the observed level of the water. 
Further, if the source of water is intermittent, the stability of the water level 
shows that the borehole is well sealed from the surrounding tuff. The available 
data thus suggests that infiltration at the present time may not be significant. 

Water quality analyses for a sample bailed from Core Hole 2 in May 1991 are 
summarized in Table 7.3-3. All analytes except plutonium were found to be at or 
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Analysis 

Ba 
Ca 
CI 
CN 
K 
Mg 
Na 
Nitrate 
Phosphate 
Sulfate 
Conductivity 

TABLE 7.3·3 

ANALYSIS OF STANDING WATER COLLECTED FROM CORE HOLE 2 
IN MAY 1991a 

Result Uncertainty 

28 3 
8.2 0.8 
1.1 0.1 

0.01 0.01 
7.2 0.7 
1.0 0.1 
33 3 

0.37 0.04 
0.26 0.05 

17 2 
147 7 

Dissolved solids 22 2 
pH 9.5 0.1 

MDAAB 

Units 

~g/l 
mgt! 
mgt/. 
mgt! 
mgt! 
mgll 
mgt! 
mgl! 
mgt! 
mgt/ 
Ilmhoslcm 
gl/ 

RCRA-regulated metals were not detected above action levels (TCLP procedure). VOCs, SVOCs, 
and PCBs were not detected. 

Radionuclides 

uranium 
plutonium-239/240 
plutonium-239/240 
gross beta 
tritium 

(unfiltered) 
(filtered) 

21 
0.19 

1.1 
6.2 

(below 300 pCV/ LSC detection limit) 

2 
0.12 

0.2 
0.7 

aData are from Stoker (1991, 03-0049). Detection limits are approximately those given 
in Table 5.1-1. 
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below background levels or detection limits. Plutonium concentrations were 
above background, but well below the levels found in standing water in Core 
Hole 2 in 1975. 

The most unusual aspects of the Core Hole 2 water chemistry are the high pH 
of 9.5 (vs about 7.6 for regional surface- and groundwaters) and the elevated 
levels of sodium and sulfate. Based on comparison with analyses of a variety of 
drilling fluids recovered during a recent regional study, these data are consistent 
with Core Hole 2 fluid containing a minor component (probably less than 5%) of 
drilling fluid (Gardner 1991 b, 03-0052; Meeker et al. 1990, 0147). 

The tritium content of the Core Hole 2 water in the 1991 sampling was found to 
be near the detection limit (about 300 pCi) of the tritium analysis method used. 
The analytical method, therefore, was not precise enough to allow inference of 
the age of the water. . 

In the spring of 1991, subsurface moisture was measured again in the existing 
access holes around Area 2 by using a neutron moisture probe (Ferenbaugh 
1991, 03-0005). As Figure 7.3-4 shows, these measurements indicated no 
significant change in general subsurface conditions when compared to similar 
measurements in 1981. In particular, below a depth of 10 ft. moisture levels are 
about 5% or less by volume and show no evidence for saturated zones. 
Measurements in both 1981 and 1991 indicated a possible slight increase in 
moisture content below a depth of 100 ft in Hole TH-1, but the significance of 
this observation is Unclear. Similar observations have been made near 
transitions between tuff units, but measurements at greater depth are necessary 
to clarify this point for Area 2. 

In November 1991, cracks in the asphalt pad were resealed with asphalt. 

7.3.6.5 Origin of Water in Core Hole 2 

In conSidering the appearance of water in Core Hole 2, it is important to note 
that Area 2 is unique among the MDA experimental shaft areas in several 
respects. 

• 

• 

• 

Area 2 is the only experimental shaft area in which a significant 
near-surface release of contamination occurred (drilling of Hole 
2-M in 1960). 

Core Hole 2 ;s one of few boreholes in MDA AB in which 
significant amounts of fluids were expended during drilling and 
characterization. 

Area 2 is the only area (except for the tops of some shafts) that 

has been capped with material other than native soil and 
vegetation, specifically, the asphalt pad and underlying fill. The 
impervious nature of this cap will Significantly retard the 
transpiration of subsurface water to the atmosphere. 
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• Areas 2, 2A, and 2B are the only MDA AB experimental areas 
that are located in a drainage system of any appreciable size 
(see Appendix A). 

The stability of the water level and small volumes of standing water suggest that 
the occasional appearance of water in Core Hole 2 is the result of minor 
episodic events, but this point has not been proven beyond reasonable doubt. 

Various hypotheses have been considered to explain the appearance of water 
in Core Hole 2. 

(1) An obvious explanation is that collapse of the asphalt in 1~75 
and asphalt cracking before May 1991 have provided pathways 
for infiltration of meteoric water. However. it is not intuitively 
apparent that the openings were large enough to capture 
sufficient water to cause saturation in the borehole. The 
apparent insensitivity of the Core Hole 2 water level to intense 
rainfall in the summer of 1991, when the cracks were still open, 
also shows that recharge from the surface by this (or any other 
mechanism) must be slow or insignificant. 

(2) Fluids expended in Core Hole 2 could have created an artificial 
perched water zone, which now is recharging the borehole. 
However, the observed water chemistry indicates this cannot 
be the only source of water. The observation of several 
different stable water levels during the 1975 to 1980 and the 
1991 to 1992 time frames also is not intuitively consistent with 
this idea. It is also unclear why the postulated water source 
should become available after long periods of unavailability, 
although it could be conjectured that the clay seal (formed by 
the use of drilling mud to isolate the borehole from the 
permeable zone) may have deteriorated at various times, thus 
allowing fluid to reenter the borehole. 

(3) The surface drainage system upgradient from Area 2 could 
have created a recent recharge pathway that has not been 
detected by the network of moisture measurement holes. 
Because the monitoring-hole network has reasonably good 
lateral and vertical coverage. such a recharge pathway would 
have to be of a very unusual nature. Although this possibility 
cannot be excluded completely, It seems unlikely. given tuffs 
capacity for storing (and thus immobilizing) large quantities of 
injected water (see Chapter 2 of the IWP). The chemistry 
observed recently for Core Hole 2 water also is inconsistent 
with the hypothesis that this is the only source of water in Core 
Hole 2. 

(4) A natural perched zone that either was not detected during the 
initial site characterization or is episodiC in nature, could exist 
under Area 2. This hypothesis.also seems unlikely, given the 
relatively extensive site characterization performed in the past 
and the fact that this recharge pathway must have developed 
recently. 
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(5) Fluids expended in the logging of well DT -SA could have 
created an artificial perched zone, which subsequently has 
migrated down the stratigraphic gradient to Core Hole 2. 
Because these fluids were lost at a depth greater than 285 tt, 
they would not have been detected by the moisture monitoring 
holes around Area 2. However, because the fluids were lost at 
a depth less than the top of the water observed in Core Hole 2, 
they are a conceivable source for Core Hole 2 water. 

In conclusion, the existing data are insufficient to allow a convincing 
determination of the source of water in Core Hole 2. This is an important 
conclusion for the T A-49 RFI because confident understanding of the behavior 
of water under MDA AB is vital in assessing the potential migration of the large 
buried source term, and thus to the ultimate selection of remedial measures. 
Therefore, this issue is addressed early and aggressively in the RFI. 

7.3.6.6 Special Studies of Soil and Vegetation 

During a special study in September 1987, about 20 soil samples and 20 
vegetation samples were collected around Area 2, as shown in Figure 7.3-5 
(Fresquez 1991, 03-0006). Of the soil samples analyzed, one sample from the 
northeast corner of Area 2' showed elevated levels of gross alpha activity (80 
pCilg) and a nearby sample showed elevated plutonium-239 activity (1660 
pCi/g). Replicate analyses for the first sample gave values of 41 and 1.7 pCi/g 
of gross alpha activity, indicating a highly discontinuous surface-contaminant 
distribution. A PHOSWICH survey over the same area showed readings about 
twice the background level. Positive readings also were measured along the 
drainage channel leading to the culvert under the road on the north side of 
Area 2. One sample collected about 50 tt from the site of the most radioactively 
contaminated sample indicated 44 ppm Be, well above the regional background 
level of about 1.7 ppm. A vegetation sample from the same location exhibited 
24 pCi/g of plutonium-239/240. Elevated levels of other potential contaminants 
from Area 2 were not detected in the soil and vegetation samples. 

During another special study in March 1991, 10 samples of pocket gopher soil 
diggings along the perimeter of the Area 2 pad were collected and analyzed 
(Ferenbaugh 1991, 03-0005; Fresquez 1991, 03-0006). Again, there was some 
indication that the exposed radioactive contamination had washed a short 
distance along the Area 2 drainage toward Water Canyon. As observed in 1987, 
elevated radioactivity was detected in a sample from the northeast corner of the 
asphalt pad: gross alpha (135 pCi/g), americium-241 (38 pCi/g), plutonium-238 
(24 pCi/g), and plutonium-239/240 (43 pCi/g). Gopher diggings at the same 
location were resampled in April 1991. Elevated gross alpha activity (about 
1200 pCi/g) was found again, but additional analysis indicated no vac, SVOC, 
PCB, or TCLP metal levels above EPA guidelines. 

During the A411 survey in 1987, about 40 soil and 45 vegetation samples were 
collected around Areas 2, 2A, and 2B. Analytical results are summarized in 
Table 7.3-4 and sampling locations are shown in Figure 7.3-5. The study 
indicated that levels of contaminan~!3 in Area 2B and in the portion of Area 2A 
away from the asphalt pad were at (or only slightly above) regional background 
levels. However, at several sampling locations immediately adjacent to the 
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TABLE 7.3-4 

SUMMARY OF 19B7 A411 SURVEY RESULTS FOR AREAS 2, 2A, AND 2Ba 

Number of Arithmetic 
Am-241 etc. Units samples Maximum Minimum Mean Background 

Soils 

Am241 pCi/g 65 53.98 0.002 0.931 
Cs137 pCilg 70 3.56 0.06 0.70 0.88 
Pu238 pCilg 25 0.0970 0.001 0.007 0.004 
Pu239/240 pCi/g 39 24.000 0.001 0.566 0.019 
Total uranium jJ.g/g 65 5.0 3.1 3.1 3.8 
U235/238 Ratio 18 0.0080 0.0041 0.0068 0.0073 
Gross gamma pCi/g 67 51 0.6 5.5 10 

Be jJ.g/g 44 43.7 1.2 4.8 1.9 
Pb jJ.g/g 55 108 17 35 24 

Vegetation (ashed sample) 

Am241 pCi/g 25 1.989 0.001 0.233 
Cs137 pCi/g 45 3.48 BOL 0.62 
Pu238 pCilg 49 0.460 BOL 0.010 
Pu239/240 pCi/g 48 24.000 0.001 0.504 
Total uranium pCi/g 45 20.0 0.1 3.9 
Gross gamma pCi/g 44 49. 1.0 16 
Pb jJ.g/g 20 12.2 2.9 6.6 
Be jJ.g/g 20 0.4 BOL 0.2 

aOata are adapted from the 1987 A411 Survey data (Soholt 1990, 0698). Data quality levels are 
approximately Level III and detection limits are approximately the same as those given in Table 5.1-1. (See 
Subsection 5.3.2 of this au work plan.) Radionuclide backgrounds are maximum values taken from Table 
G~32 of the 1989 ESG report (ESG 1990, 0497). Lead and beryllium backgrounds are from Ferenbaugh et 
al. (1990, 0099). BDL=below analytical detection limits. 
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asphalt pad, plutonium and americium levels well above background were • 
observed .. As was found in the later Area 2 special studies (described above), 
this trend was particularly notable at the extreme northeast comer of the pad, 
where the level of americium-241 in one sample was 53 pCi/g. 

In summary, the most elevated radionuclide levels in surface soils at Areas 2, 
2A, and 2B are concentrated in the northeast corner of Area 2 and appear to be 
associated with the exhumation of contaminated soil from beneath the asphalt 
pad by gophers. Based on past sampling, the highest contaminant levels in TA-
49 surface soils are found in this portion of Area 2 and in a highly localized 
section of Area 11. 

7.3.7 Area 3 

Area 3 was used exclusively for development of confinement and sample 
recovery techniques that were subsequently used in Areas 1, 2, and 4. Figure 
7.2-1 (d) indicates that 7 shafts were used for experiments with radioactive 
tracers (usually irradiated uranium). Two other shafts were excavated but 
backfilled without further use, and twelve grid locations were never used. 
According to Laboratory records, the activated uranium tracer· used in Area 3 
shafts contained only about 5 g of uranium-235 and about 30 g of uranium-238. 
A maximum of several microcuries of neptunium-239 tracer was used in Area 3 
shafts and has decayed completely to insignificant levels of plutonium-239 
(Minor 1991, 03-0034). No other plutonium is believed to be present in Area 3. 
As at other experimental areas of MDA AB, downhole materials at Area 3 were • 
left in place at the conclusion of experiments. 

Other than the initial logging of Area 3 holes as they were drilled and the 
checking of Core Hole 3 for water on an approximately annual basis (none was 
ever detected), subsurface sampling has not been carried out at Area 3. 
However, the detailed historical information that is available and past surface 
soil sampling (discussed below) strongly indicate that significant contamination 
is highly unlikely in the surface or subsurface of Area 3. 

In 1969, low levels of alpha contamination were found in an Area 3 structure 
that subsequently was burned in place (Eller 1991, 03-0002). The source of this 
contamination is unknown but probably derived from elsewhere at MDA AB. 
Area 3 also was used for burning slightly contaminated structures that were 
removed from other areas of TA-49 (Eller 1991, 03-0002). Slight soil 
contamination at Area 3 could have occurred from this activity, but the levels 
are unlikely to be detectable. Anecdotal information suggests the burning area 
may have been near the curve in the road at the southwest corner of Area 3. 

Well-documented surface-soil sampling at Area 3 is essentially restricted to the 
1987 A411 survey. Results of this survey are summarized in Table 7.3-5 and 
sampling locations are shown in Figure 7.3-6. In this study, about 40 soil 
samples were collected on a grid with a 25 ft spacing, approximately centered 
on the Area 3 shafts. Samples also were collected from the leveled area 
(possibly used for burning structures) to the west of the Area 3 shafts and in a 
short extension to the southeast of the shafts. About 45 vegetation samples 
also were collected for analysis. The analyte levels were found to be essentially • 
at background or analytical detection levels. The A411 results therefore support 
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TABLE 7.3-5 

5U MMARY OF 1987 A411 5U RVEY RE5UL T5 FOR AREA 3a 

Number of Arithmetic 
Units samples Maximum Minimum Mean Background 

Soils 

Am241 pCi/g 25 0.110 0.0020 0.026 
Cs137 pCi/g 41 1.96 0.13 0.47 0.88 
Pu238 pCi/g 42 0.006 SOL 0.003 0.003 
Pu239/240 pCi/g 24 0.049 0.004 0.015 0.019 
Total uranium j.lglg 42 6.5 2.0 3.6 3.8 
U235/238 ratio 18 0.0087 0.0048 0.0070 0.0073 
Gross gamma pCi/g 43 12 0.3 4.6 10 
Se j.lglg 24 1.55 0.55 0.96 1.9 
Pb j.lglg 24 16.2 6.9 9.6 24 

Vegetation (ashed sample) 

Am241 pCilg 22 0.424 0.004 0.088 
Cs137 pCi/g 20 5.17 0.08 1.59 
Pu238 pCi/g 22 0.003 SOL 0.001 
Pu239/240 pCi/g 21 0.014 SOL 0.005 
Total uranium j.lglg 20 2.5 0:5 1.3 
U235/238 ratio 19 0.0077 0.0044 0.0060 
Se j.lglg 20 2.3 0.1 1.5 
Pb j.lglg 11 19.0 SOL 8.6 

aOata are adapted from the 1987 A411 Survey report (Soholt 1990, 0698). Oata quality levels are approximately Level 
III and detection limits are approximately the same as those given in Table 5.4.1. (See Subsection 5.3.2 of this OU work 
plan.) Radionuclide backgrounds are maximum values taken from Table G·32 of the 1989 ESG report (ESG 1990, 
0497). Lead and beryllium backgrounds are from Ferenbal1gh et aL (1990, 0099). SOL=below analytical detection limits . 
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historical information, which suggests that significant surface contamination 
does not exist at Area 3. 

7.3.8 Area 4 

Area 4 was used for containment experiments and hydronuclear experiments 
involving radiochemical sample recovery, much as described for Area 2. As 
Table 7.1-1 indicates, these experiments dispersed significant amounts of 
uranium, plutonium, beryllium, and lead at the bottoms of the experimental 
shafts. Figure 7.2-1(e) indicates that eleven shafts contain plutonium, one 
contains uranium-238 as the only radioactive contaminant, and one contains 
uranium-235 and uranium-238 as the only radionuclides. The plutonium
containing shafts also contain uranium-235 and -238. One hole was used for a 
containment experiment and probably contains lead as the only significant 
contaminant. Three shafts were backfilled without use after being drilled and 
should contain no contaminants. Eight grid locations were never used. One gas 
expansion hole is evident in Area 4, and ·pipe dump" holes containing 
contaminated debris (exact locations unknown) almost certainly are present. 

In many experiments in Areas 2, 2A, 28, and 4, liquid scintillation detectors 
were used downhole. These detectors used p-terphenylene fluor dissolved in 
about 2 gal. of toluene as, phosphors. Some experiments also used detectors 
with a fluor consisting of polystyrene, and small amounts of p-terphenyl and zinc 
stearate may have been used. The organics are believed to have been 
consumed largely or completely in the HE detonations. 

Some Area 4 experiments involved the use of a few curies of tritium, which by 
now have decayed through almost three half-lives. 

In July 1969, a skid-mounted structure in Area 4 was found to be slightly alpha 
contaminated from an unknown source (Eller 1991, 03-0002). The structure was 
moved to Area 3 and bumed. 

Other than the initial logging of holes of Area 4 as they were drilled and 
inspections of Core Hole 4 for water on an approximately annual basis (no 
water was ever detected), subsurface sampling has not been carried out at 
Area 4. 

Results of the 1987 A411 survey of Area 4 surface soils and vegetation are 
summarized in Table 7.3-6. A411 sampling locations are shown in Figure 7.3-7. 
About 36 soil samples were collected on a grid pattern with a 25-ft interval, 
approximately centered on the Area 4 shafts. An additional 25 soil samples 
were collected from the leveled area immediately southeast of Area 4. About 10 
vegetation samples also were collected around the area. 

The average soil levels for americium-241 and plutonium-239/240 (and most 
other analytes) are slightly above regional background but far below TRU action 
levels discussed in Section 5.1 of this au work plan. The average values are 
strongly skewed because only a few pOints have contaminant levels significantly 
above background (but below action levels). At most sampling locations, the 
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TABLE 7.3-6 

SUMMARY OF 1987 A411 SURVEY RESULTS FOR AREA 4a 

Number of Arithmetic 

Units Samples Maximum Minimum Mean Background 

Soils 
Am241 pCVg 55 1.50 BDLa 0.41 
Cs137 pCVg 51 24.2 0.05 0.79 0.88 
Pu238 pCVg 59 0.041 BDL 0.004 0.003 
Pu239/240 pCVg 71 2.090 0.001 0.081 0.019 
Total uranium )lg/g 56 14.2 1.40 2.7 3.8 
U235/238 ratio 56 0.0293 0.0045 0.0073 0.0073 
Gross gamma pCVg 56 20.0 3.4 7.5 10 
Be )lg/g 68 3.2 BDL 18 1.9 
Pb I1g/g 62 119.0 4.0 41.1 24 

Vegetation (ashed sample) 

Am41 pCVg 10 0.37 0.002 0.043 
Cs137 pCVg 10 3.55 BDL 1.77 
Pu238 pCVg 10 0.043 BDL 0.006 
Pu239/240 pCVg 10 2.15 0.001 0.035 

aData are adapted from the 1987 A411 Survey report (Soholt 1990, 0698). Data quality levels are approximately level 
III and detection limits are approximately the same as those given in Table 5.4.1. (See Subsection 5.3.2 of this au work 
plan.) Radionuclide backgrounds are maximum values taken from Table G-32 of the 1989 ESG report (ESG 1990, 
0497). Lead and beryllium backgrounds are from Ferenbaugh et al. (1990, 0099). BDL=below analytical detection limits. 
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analyte levels were at or below regional background. The observed distribution 
indicates a highly discontinuous distribution of soil contaminants, as observed in 
the other experimental areas at MDA AS. 

In June 1991, a pilot geophysical study was conducted in Area 4 to test the 
capability of standard geophysical techniques for detecting near-surface 
structures (Geophex 1991, 03-0031). Of particular interest was the capability to 
locate shafts and buried metallic debris. Figure7.3-B shows an interpretive 
sketch based on the geophysical survey and other field observations. 
Superimposed on the sketch is a grid representing the approximate locations of 
Area 4 experimental holes. It is evident that the geophysical techniques used 
(proton magnetometry and electromagnetics) are moderately successful in 
locating shafts when the distance from the chain link perimeter fence is greater 
than about 20 ft and near-surface metallic debris is not present. However, 
strong interferences arise when these artifacts are present. It is also clear that a 
substantial amount of metallic debris (probably piping) lies near the surface of 
Area 4 and interferes with the capability to detect the shafts. In some cases 
where geophysics correctly identified a shot hole location, the deduced center 
of the hole was in error by 5 to 10ft, probably because of interference. The 
precision undoubtedly can be improved by using a finer geophysics grid interval 
(10ft was used in the 1991 study) and by removing magnetic debris at or near 
the surface before the survey. Temporary removal of the chain link fence 
undoubtedly would help as well. 

7.4 Data Needs and Objectives and Investigation Rationale 

For the purpose of developing characterization plans, MDA AS SWMUs 
conceptually can be divided into two categories: 

• backfilled shafts and 

• surface and near-surface units. 

Relatively independent sampling plans are developed in this chapter to address 
these two distinct categories of units. 

Given the remedial actions that are likely to be recommended from the 
RFI/eMS process and the assumed future use scenario for MDA AS, the 
observational approach limits the field investigation for the backfilled shafts to 
that relating to the evaluation of the potential for subsurface transport of the 
deeply buried waste over time. 

For the surface and near-surface units, the observational approach limits 
investigations to those necessary for determining whether contamination of 
concern is present in surface soils at MDA AS (except for Area 2, where surface 
contamination is already known) and the environmental significance of 
contamination sources and potential pathways. 
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7.4.1 Data Needs and Objectives 

As discussed in Chapters 4 and 5 of this OU work plan, the principal potential 
contamination-migration pathways of concern at MDA AB are erosion (surface 
runoff and aerial resuspension), infiltration, and biological transport. With 
continuous surveillance, maintenance and control of MDA AB, the likelihood for 
significant contaminant transport is considered to be low over at least the 100-yr 
time frame assumed for institutional control. Despite the low likelihood for 
migration, the field investigation must test this hypothesis because of the size of 
the source term buried in the hydronuclear shafts and the existence of potential 
release sources near the surface. 

Realistic remedial options for MDA AB, given the status of current technology, 
are outlined in Section 5.4 of this OU work plan. At the present time, capping 
and stabilization, accompanied by long-term institutional control, maintenance 
and monitoring, appears to be the most reasonable remedial action for the 
deeply buried contaminants within MDA AB. Selective removal of contaminated 
soils and artifacts at or near the surface also is likely. Based on existing 
information, the likelihood appears to be high that this approach will ensure that 
health and environmental impacts resulting from MDA AS contaminants will 
remain insignificant over at least a 100-yr period of institutional control. 

General data needs for MDA AB are summarized in Section 4.12 of this OU 
work plan. Data are needed primarily to delineate the vertical and lateral extent 
of contaminants in the soils and shafts and to adequately define site 
hydrogeochemical factors that could influence contaminant migration. The 
location, nature, and inventory of the primary MDA AB contaminants already are 
known with an adequate degree of certainty. For this reason, and because of 
the risks involved in deliberate sampling of highly radioactive materials in the 
field, direct sampling of the source term is neither required nor desirable. The 
RFI for MDA AB therefore focuses on whether and how waste in the near
surface soils and buried in the shafts might migrate from its original location. 

In addition to fulfilling the needs of the RFI, the field investigation of MDA AB 
also is intended to meet special requirements of DOE Order 5820.2A for 
ongoing monitoring of buried TRU waste areas (that is, a new A411-type 
survey, the requirements of which are discussed in Section 5.3 of this OU work 
plan). One of the requirements is that additional surface soil sampling be 
conducted over the shaft areas that were sampled in the 1987 survey. 

In general, Level III analYSis of discrete surface and subsurface samples is 
necessary because some data of this quality level is required for use in 
quantitative risk assessment. The Level III data will be combined with Level I 
and II data from area radiological surveys, geophysical surveys, and standard 
hydrogeological characterization methods for this purpose. 

The development of a better understanding of the behavior of water under 
Area 2 and confirmation that contaminants have not migrated (and have little 
likelihood to migrate) from their original locations in the shafts are two of the 
most crucial aspects of the TA-49 RFI. These two issues must be addressed by 
additional hydrogeological characterization around and under the shafts. For 

• 

• 

this purpose, implacement and characterization of a system of vertical and • 
lateral core holes is planned for Phase I. Additional boreholes are likely to be 
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• required in Phase II. 

• 

• 

The borehole network will test the most important working hypotheses for 
MDA AB: that the contaminants in the deep shafts have not migrated from 
their original location and that credible mechanisms for future transport 
are absent. 

As outlined above in Section 7.3, substantial sampling of surface soils already 
has been carried out at MDA AB. This sampling, coupled with detailed historical 
information, shows that radioactive source terms exist at the surface or near
surface in Areas 2 and 4, may be present in Area 1, but are unlikely in Area 3. 
However, better definition is needed of the magnitude, nature, spatial variability, 
and lateraVvertical extent of this contamination (especially under and adjacent 
to the Area 2 pad and downgradient toward Water Canyon) to allow modeling of 
contaminant distribution and transport pathways. The significance of near
surface piping and other debris with probable internal contamination also must 
be assessed in the RFI, as well as the significance of burrowing animals in 
mobilizing contamination near the surface. 

As indicated earlier in this au work plan, deep groundwater and surface water 
at TA-49 has been monitored for over 30 yr with no indication of water 
contamination, except in Core Hole 2. Water monitoring, as well as the ongoing 
air, ambient radiation, and soil monitoring around MDA AB that forms part of the 
laboratory's routine environmental surveillance program, will be continued 
beyond the RFI by the laboratory's Environmental Surveillance Group. In 
addition, the TA-49 work plan proposes investigation of isotope and water 
chemistry data on water from Core Hole 2 and the deep aquifer as well as 
recovered pore fluids. This information will provide information on the recharge 
rate from the surface of MDA AB, which then can be used for long-term 
modeling of contaminant migration. 

Specific data needs for MDA AB are summarized below. 

• 

• 

• 

• 
• 

The magnitude, nature, and lateral/vertical extent of 
radionuclide and metal contaminants, (especially lead and 
beryllium) in the surface and near-surface of the MDA AB 
experimental areas must be defined further. 

Potential contaminant transport pathways of significance must 
be identified and characterized for the near-surface and the 
vadose zone to a depth of at least 700 ft (that is, across the 
potentially water-perching Tshirege-atowi contact). This is 
particularly important for Area 2 because of the appearance of 
water in Core Hole 2. 

Further characterization is needed of hydraulic, lithologic, 
chemical, and mineralogic properties required for modeling 
long-term contaminant migration through soils and rock at 

MDAAB. 

Data on the erosional stability of MDA AB is needed . 

The Significance of biologically induced transport pathways 
should be evaluated (especially for burrowing animals). 
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• Additional site information relevant to design of the CMS should 
be obtained. 

• More extensive water chemistry and isotopic analysis of Core 
Hole 2 water is needed to check the mass balance of water 
constituents and to better infer the age and source of the water. 
Similar analyses are needed for deep groundwater and pore 
fluid waters that will be extracted from core sections recovered 
from the experimental shaft areas. 

• Analyses of solids from the bottoms of Core Holes 1, 3, and 4 
are needed as a direct check on whether contaminated water 
has ever moved through these core holes. 

7.4.2 Investigation Rationale 

Based on the extensive historical information already available for MDA AB, 
the assumptions listed below have been made in developing the RFI logic for 
MDAAB. 

• A limited set of contaminants are present that, with high 
certainty, overwhelmingly will dominate any reasonable risk 
scenario. The probability is very high that contaminants of 
lesser environmental Significance will be associated with one or . 
more of the major contaminants. Thus a limited set of indicator 
analytes [total uranium, isotopic plutonium, gamma 
spectrometry (which yields americium-241, cesium-137, and 
gross gamma radioactivity levels). gross alpha/beta 
radioactivity, and RCRA metals (which notably includes lead 
and beryllium)] can serve as reliable indicators to define the 
spatial extent of contaminants (including minor contaminants). 

• 

• 

• 

• 

The extensive historical information that is available for the 
primary MDA AB source term (deeply buried contaminants at 
the bottoms of the experimental shafts) is sufficiently accurate. 
The value of data gained from direct sampling of the highly 
radioactive source term would not outweigh the non-trivial risks 
incurred by such sampling. 

The distribution of near-surface soil contaminants of concern at 
MDA-AB is highly discontinuous and point-like in nature, except 
those contaminants contained in piping and related .debris. 

Radionuclide levels at the surface of MDA AB, above the most 
conservative action levels likely to be set for this area by 
subsequent risk assessment, will be indicated by area 
radiological surveys. Radiological surveys also will provide 
valuable data on the distribution of contamination at or near the 
surface. Discrete sampling of MDA AB soils will be used to 
confirm the survey results. 

Near-surface debris such as pipes and sampling box~s, which 
have contaminated interiors, are Significant potential future 
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7.4.3 

source terms. These artifacts will be detected with high 
probability by standard geophysical methods. 

Except during the drilling of Experimental Hole 2-M, 
contaminants placed in the bottoms of the shafts have been 
dispersed only by the original detonations and remain within a 
radius of about 10 to 15 ft from their original locations. Any 
migration beyond this radius will be detected with adequate 
probability by vertical coring through-and lateral coring 
under- the experimental areas. 

The importance of infiltration and subsurface features (for 
example faults and permeable lithologic units) that could 
significantly influence waste migration beneath Area 2 can be 
assessed by augmenting the existing borehole network with a 
limited number of additional boreholes in and around Area 2. 

Coring Requirements 

During the hydrogeologic characterization of MDA AB during the RFI, a number 
of new boreholes are proposed. As discussed in greater detail in Section 7.6, 
the proposed borehole locations and characterization have been designed to 
provide maximum information relating to the intended uses of the data. Some of 
the requirements for these boreholes are listed here . 

• 

• 

• 

• 

• 

Continuous high-quality core should be obtained with high 
recovery rate. 

Drilling with fluids is undesirable because the determination of 
the presence or absence of subsurface saturation is a primary 
object of the investigation; drilling fluids also complicate the 
chemical characterization of pore water; drilling with air is 
problematical because of the potential for contaminant 
dispersal if subsurface contamination is encountered. 

A 4-in. minimum-diameter core hole is necessary to allow the 
use of down-hole logging instruments and the installation of 
well casing (when required). 

Both vertical and lateral boreholes are required; some vertical 
boreholes down to about 700 ft should penetrate the Tshirege
Otowi contact (Tsankawi Member) because it has potential to 
perch excessive moisture in the tuff beneath MDA AB (Stoker 
et al. 1991, 0715); lateral boreholes are intended to detect 
contaminant movement immediately beneath the shaft areas 
and to provide hydrogeologic data related to potential waste 
migration. 

The potential for encountering downhole contamination is 
significant when drilling within the experimental areas; rigorous 
health and safety measures, including effective contamination 
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control and continuous radiological monitoring of cutting 
materials, dust, core samples, etc., must be employed when 
drilling near the experimental areas of MDA AB. 

• Boreholes must be implaced (and locationally verified) to an 
accuracy of about 2 ft in the vicinity of the contaminated shafts. 

For these requirements, hollow-auger techniques are adequate for shallow (less 
than 200-ft) vertical holes but are not suitable for deeper core holes or for 
inclined holes. However, for deeper holes and (most especially) for inclined 
boreholes, meeting all of the above criteria may prove to be difficult For 
example, for deep coring without the use of fluids, experience in the Bandelier 
Tuff has shown that efficient core recovery can be problematical, especially in 
nonwelded units. Although the air-rotary diamond-tipped coring technique may 
be the method of choice for recovering core from nonwelded units, it may not be 
compatible with other requirements mentioned above. Therefore, the 
specification of the drilling techniques to be used at MDA AB for the deep and 
lateral coreholes will be deferred until experience has been gained with 
auguring the 150 ft holes in Area 2. Alternative methods such as rotosonic, 
hammer, and ODEX drilling will be considered as possibilities. 

Decisions on 'the details for the completion of new bore holes installed at TA-49 
will be deferred until later in Phase I, when Phase II objectives can be 
formulated more clearly. 

7.4.4 Characterization of Recovered Core 

Recovered core sections will be logged as they are collected within regular 
intervals as determined by professional judgement (typically 5-ft intervals). 
Longer sections will be laid out to facilitate their deSCription. All core sections 
and cuttings from the vicinity of MDA AB shafts will be field screened for 
radioactivity. 

An important objective of the investigation of the TA-49 OU is to evaluate the 
importance of fractures as potential transport pathways. Therefore, core 
fractions containing prominent fractures will be sampled preferentially when 
they are encountered. For example, if a fracture is encountered over a 5-ft 
sampling interval, two samples may be taken over the interval to compare 
properties of fracture and nonfracture units. A five-sample contingency is 
allowed for each borehole for this purpose (except for the very shallow 
boreholes in the Area 2 pad). 

Based on recovered core and borehole measurements, logs will be prepared 
that describe lithologic changes with depth, stratigraphic contacts, alteration 
features, welding characteristics, color, and phenocryst and lithic contents for all 
MDA AB boreholes. The logs also will include descriptions of fracture density, 
occurrence of fracture-lining minerals, and the dip of fractures. Core sections 
will be photographed in color immediately after recovery. 

• 

• 

Geochemical characterization of recovered core is needed to provide input for • 
geochemical models, as discussed in Section 2.11 of this OU work plan. 
Selected core samples will be used to characterize the following: 
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• rock and fracture lining mineralogy (clays, zeolites, rock matrix, 
carbonates, and iron/manganese minerals), 

• 
• 
• 

total organic carbon, 

cation exchange capacity, and 

slurry pH. 

Hydrogeologic characterization of recovered core will include description of the 
following: 

• 
• 
• 
• 

hydrostratigraphic units, 

porosity, 

density, 

redox state, and 

• graVimetric moisture content. 

The analyses may be performed on crushed core samples. The number and 
distribution of samples selected for characterization will be dependent on the 
number and nature of fractures encountered by the boreholes and will be 
determined as the cores are obtained. For planning purposes, collection of one 
sample for each 20-ft section of core is assumed. Some hydrologic tests (for 
example, initial water potential, isotopic water analysis, and unsaturated 
moisture characteristics) will require special handling when core is recovered 
from the core barrels (per approved SOPs). Analysis for contaminants will be 
carried out as specified in Section 7.S. of this chapter. . . 

Additional core samples will be selected to characterize fracture-lining minerals, 
changes in lithology, or zones of sorptive minerals. One additional sample per 
100 ft of borehole is assumed for planning pu rposes. Where possible. 
mineralogic and hydrologic testing will be done on the same suite of samples. 
Core samples will be selected by inspection and will include all the 
hydrostratigraphic units encountered. 

Characterization of the vertical variation in moisture content is a critical 
measurement for MOA AB. Because other investigations at the Laboratory have 
determined that moisture content can vary significantly over a short vertical 
distance near the surface, core moisture content for vertical boreholes will be 
measured every 5 ft to a depth of 30 ft and every 20 ft thereafter. Additional 
samples will be collected, when deemed necessary based on professional 
judgement, in open and in filled joints and from host rock away from joints. 

Hydrogeologic testing can be performed sequentially in a geotechnical 
laboratory on high-quality core that is collected for the gravimetriC moisture test. 
Bulk density, dry density, and porosity values will be calculated for each core 
sample for which moisture content is measured. These results will be used to 
select core samples for measurement of porosity (helium gas injection), water 
characteristic curves, relative permeability. and saturated hydraulic conductivity . 
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7.4.5 Borehole Logging 

Boreholes will be logged by standard. techniques to extend the database 
assembled from previous information, surface studies, and tests performed on 
core samples. Table 7.4-1 lists logs to be collected in open boreholes and 
describes the information to be obtained from each log. 

The logs will document stratigraphic correlations, identify and map orientation of 
fractures and joints, define the relative variation in moisture within the 
unsaturated zone, and define the variation in bulk density within the vertical 
hydrogeologic section. 

An inflatable straddle packer assembly will be used to determine in situ 
permeabilities for discrete depth intervals in open vertical boreholes, using the 
vacuum extraction method. The testing interval will be 20 ft for the first 150 ft, 
which encompasses the depth of the deepest hydronuclear shaft. Thereafter, 
measurements will be taken near the midpoint of each major lithologic unit and 
adjacent to each unit contact. Additional permeability measurements maybe 
carried out, based on an evaluation of core geology, the borehole geophysical 
logs, and moisture content tests on recovered core samples. 

7.4.6 Contingency Plans for Borehole Drilling 

If perched groundwater or unexpected contamination is encountered during 

• 

drilling of any TA-49 core holes, drilling will be stopped and an evaluation will be • 
made on whether to resume drilling. In some cases, it may be advisable to 
complete the hole as a monitor well in the perched zone. In other cases, it may 
be appropriate to continue drilling or to move away from the original hole and to 
install a new hole. Any perched water encountered will be sampled and 
analyzed as described in Subsection 6.1.6 of this OU work plan for the deep 
test wells at T A-49. 

As discussed above in Subsection 7.4.3, this OU work plan retains flexibility in 
choice of drilling techniques because of uncertainties about meeting all the 
desired core hole criteria specified· in that subsection. As discussed below in 
Subsection 7.6.6, flexibility also is retained in angled coring under MDA AB in 
case the proposed lateral core hole drilling proves problematical. 

Boreholes will be sampled to at least the nominal depth or length specified in 
the sampling plans. If contamination is detected by field screening or laboratory 
measurements in either of the last two core intervals of th.e nominal depth or 
length, drilling will continue until background concentrations are detected or the 
limits of detection are reached in two successive sample intervals. This stopping 
criterion will be applied to ensure that the maximum information on contaminant 
depth is acquired at minimum cost. 

7.5 Phase I Surface Investigations at MDA AB 

The surface investigations at MDA AB are designed primarily to answer the • 
following decision-based questions: 
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TABLE 7.4-1 

GEOPHYSICAL LOGS TO BE COLLECTED IN MDAAB BOREHOLES 

Open Hole 

Thermal neutron (moisture) 

Gamma gamma (density) 

Caliper 

Borehole video 

EM induction (Geonics EM-39) 

Magnetic susceptibility 
(Romulus) 

Natural gamma 

Spectral gamma (U, TH, K) 

Prompt fission neutron 

Geochemical (Californium-252) 

Temperature gradient 

Cased Hole 

Thermal neutron (moisture) 

Gamma-gamma (density) 

EM induction (PVC casing) 

TA-49 Operable Unit RFI Work Plan 

Parameter Measured 

percent moisture, perched water zones 

bulk density of rocks 

borehole dimensions 

fracture orientation 

stratigraphic correlation; perched water zones 

stratigraphic correlation 

stratigraphic correlation; radioactive contamination 

stratigraphic correlation; radioactive contamination 

radioactive contamination by fissionable isotopes 

chemical contamination by 8 to1 0 elements that undergo neutron 
activation and elastic scattering 

temperature profile 

percent moisture; perched water zones 

percent moisture; perched water zones 

perched water zones 
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• Does surface soil contamination currently exist in Areas 
1-4 (except Area 2) that is above the most conservative 
action levels likely to be set for these areas by subsequent 
risk assessment? 

• In Area 2, what is the extent of contamination in surfaces 
soils around and under the asphalt pad at Area 2? 

• What is the significance of soil excavation by burrowing 
animals at Area 2? 

• Where and how extensive are the surface and near-surface 
artifacts (piping, sample boxes, etc.) that represent 
contaminant release points in the future? 

• What is the potential for surface migration of contaminants 
from MOAAB? 

According to the observational approach and the assumed future use scenario 
for MDA AB (institutional control), only those data that address these questions 
needs to be collected. If satisfactory answers to these questions do not result 
from Phase I investigations, a Phase II study is likely to be triggered. 

QA/QC samples for the MDA AB surface investigation will be collected and 
analyzed as indicated in Tables 7.1-2(a-d). 

7.5.1 Radiological Surveys 

The surface investigation at Areas 1, 2, 2A, 2B, 3, and 4 will begin with 
radiological surveys using hand-held or tripod mounted detectors (PHOSWICH, 
FIDLER, or related instruments) or mobile gamma spectrometry systems. 
These surveys primarily address decision questions 1 and 2 listed in the 
preceding section. The objectives of the radiological surveys are to identify 
areas of elevated radioactivity for judgmental sampling and to identify any 
surface areas with radionuclide concentrations sufficiently high to require 
enhanced health and safety precautions. 

At least 90% of the area encompassed by the MDA AB shaft areas 
(approximately a 100 ft by 100-ft area extending over Areas 1, 2, 2A, 3, and 4), 
plus a 25-ft margin on each side of the areas, will be surveyed radiologically as 
indicated in Figures 7.5-1 through 7.5-4. (An irregularly-shaped area will be 
surveyed for Area 2B because of its shape). If hot spots are found, the 
radiological survey will be extended outward from these areas until elevated 
radioactivity levels no longer are detected. 

If hot spots are detected, their locations and lateral distributions will be 
determined with portable instruments. Hot spots will be sampled over a depth 
range of 0 to 6 in. The spatial distribution of radiological contaminants will be 
determined by collecting and analyzing supplemental soil samples at a depth of 
6 to 12 in. below the hot spots and at a lateral distance of1 mfrom the hot spot 
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to a depth of 6. in. Level III analysis will be carried out on these discrete soil 
samples for isotopic plutonium, total uranium, gamma spectrometry, RCRA 
metals, and gross alpha/beta radioactivity. 

The drainage area from the northern perimeter of the Area 2 .pad toward 
sediment Station A-3 also will be surveyed radiologically, as indicated in Figure 
7.5-2. If hot spots are found, they will be characterized as described above. The 
survey will be extended down the Area 2 drainage until elevated radioactivity 
levels no longer are detected. 

7.5.2 Geophysical Surveys 

The radiological survey of MDA AB will be followed by a general geophysical 
survey over the experimental areas. This investigation primarily addresses 
question 4 listed in the introduction to Section 7.5 and has the following specific 
objectives: 

• 

• 

• 

detect and locate all near-surface structures (piping, sampling 
boxes, etc.) that are potential sources of contamination and that 
may interfere with the geophysical detection of other 
subsurface features of interest (for example, shaft locations); 

provide confirmatory information on the location and number of 
underground shafts under the experimental areas; and 

detect and locate any near-surface features that are 
anomalous, based on currently available information. 

The geophysical survey will cover approximately the same area proposed for 
radiological surveys. Standard proton magnetometry and electromagnetic 
techniques will constitute the primary geophysical methods to be used. These 
methods will be augmented by ground-penetrating radar, seismic, and other 
techniques that are being refined at the present time for application to Bandelier 
Tuff and that will be used as they become available. 

Temporary relocation of small sections of the exclusion fence may be required 
to avoid metallic interference during geophysical surveys. 

7.5.3 Removal of Near-Surface Debris 

Field surveys and direct observation at MDA AB undoubtedly will indicate pipes, 
sample boxes, and other debris at or near the surface. These artifacts may 
interfere with the geophysical capability to find other subsurface features of 
interest. such as shaft locations, which ideally should be located by nonintrusive 
methods. Also, the location and removal of such artifacts is desirable because, 
as discussed earlier in this chapter, their interiors can be assumed to be highly 
contaminated by radionuclides and represent probable sources of contaminant 
release over the long term. Therefore, when feasible, such near-surface 
artifacts will be removed as a voluntary corrective action 01CA). Geophysical 
resurvey of some areas may be required after interfering debris has been 
removed. 
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Soils adjacent to near-surface artifacts in the vicinity of the hydro nuclear shafts • 
must be presumed to be contaminated unless investigations prove otherwise. 
Therefore, artifact removal must be accompanied by frequent field screening for 
elevated radioactivity levels. In addition, at least one soil sample per 10 linear ft 
of artifact will be collected fOT analysis as described above in Subsection 7.5.1 
for soil hot spots. A sampling interval of 10ft is proposed because this is 
probably a typical length of piping to be encountered (that is, typical distance 
between joints). Based on the geophysical survey of Area 4 conducted in 1991 
and other available information, about 500 linear ft of such debris may be 
present at MDA AB. Therefore, for planning purposes, it is assumed that about 
50 field samples of this type will be collected. 

7.5.4 Discrete Surface Soil Sampling 

Discrete sampling of soils over the MDA AS experimental areas will be 
conducted as indicated in Figures 7.5-1 through 7.5-4. This sampling primarily 
addresses questions 1 and 2 (and secondarily, questions 3 and 5) listed in the 
introduction to Section 7.5. The investigation has the following specific 
objectives: 

• supplement the 1987 A411 survey and fulfill the requirements . 
of the next A411-type survey of MDA AB; 

• document changes (if any) in surface contamination levels 
since the 1987 A411 survey and various special studies of the 
surface of MDA AB; and 

• detect areas of significantly elevated contaminants, thus 
complementing the radiological surveys proposed in 
Subsection 7.5.1 of this OU work plan. 

It is expected that previous surface soH analyses from the 1987A411 survey will 
be combined with new data collected in Phase I of the RFI. If a distribution other 
than isolated hot spots exists, the combined data should allow the construction 
of spatial prediction surfaces (for example, by kriging) for the sampled areas. 
These surfaces then would be used to model radionuclide distributions and 
migration processes. If Phase I data is not adequate for this purpose, a good 
foundation will have been established either for proposing no additional surface 
soil sampling in Phase II or for designing a statistically-based Phase II surface 
investigation .. 

Sampling of surface soils at Areas 1,3, and 4 will be carried out on square grids 
with 25-ft intervals centered on the shaft areas, as shown in Figures 7.5-1 
through 7.5-4. The grids were centered on the hydronuclear shaft areas 
because this covers the areas with maximum likelihood for contamination, 
based on the extensive historical information that is available for these areas. 
The mesh size was chosen for consistency with the previous A411 survey, 
which in turn was based on the grid size defining the locations of the 
hydronuclear shafts. The sampling locations were selected to exactly interleave 
the earlier A-411 grid, thus doubling the sampling resolution over the shaft 
areas and making subsequent analysis of the combined datasets convenient. 
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This strategy simultaneously satisfies requirements driven by DOE Order 
5820.2A for periodic surface sampling above the shafts. Samples will be 
collected at each grid location indicated in Figures 7.5-1 through 7.5-4. 

Characterization of discrete soil samples will be conducted as indicated in 
Tables 7.1-2(a, c and d}. Gross alpha, gross beta, and gamma spectrometry 
measurements (using either the field laboratory or an off-site analytical 
laboratory) will be conducted for all samples collected. One-half of these 
samples, plus all samples for which above-background levels of these analytes 
are indicated, also will be analyzed in an analytical laboratory for isotopic 
plutonium, total uranium, and RCRA metals. 

Sampling of surface soils on a regular grid at Areas 2, 2A, and 2B is not 
practical because of the asphalt pad and irregular shape of Area 2B. The soil 
sampling locations proposed in Figure 7.5-2 emphasize the need for data 
around and downgradient from the section of the pad where gopher activity has 
been most severe and the highest contamination levels historically have been 
recorded. The sampling interval has been maintained at about 25 ft for 
consistency with the rest of the MDA AB surface soil sampling scheme. 

Proposed sampling locations from the northernmost edge of the Area 2 pad 
down the drainage toward Water Canyon are shown on Figure 7.5-2. The 
selection of these locations is based judgementaly on previous studies in this 
area, the presence of the ditch between the roadway and pad (which strongly 
focuses the drainage), and the presence of natural collection areas in the 
canyon carrying drainage from Area 2 toward Water Canyon. 

Three samples will be collected from each of two transects perpendicular to the 
drainage downgradient from sediment Station A-3. The transects will be 
located approximately 100 and 200 ft from Station A-3. If levels of 
contamination above background are found for the transect farthest removed 
from Area 2, additional sampling locations will be established further 
downgradient until background levels are recorded. 

7.5.5 Sampling of Biota 

Vegetation sampling carried out in the 1987 A411 survey is considered to be 
adequate for the purpose of Phase I of the T A-49 RFI. The need for additional 
sampling of biota (such as vegetation and gophers) will be considered for 
Phase II investigations as Phase I proceeds and after programmatic guidance 
on risk assessment is developed and documented in a future IWP. 

7.5.6 Soil Characteristics Around Area 2 

Soil characteristics will be determined as described in Section 6.1 of this OU 
work plan for the uppermost core section from one of the shallow boreholes 
through the Area 2 pad (see Subsection 7.6.5). Soil characteristics also will be 
determined at two locations in the vicinity of Area 2, one location being about 
half-way between Area 2 and Area 11 and another location near sediment 
Station A-3. This investigation primarily addresses question 5 listed in the 
introduction to Section 7.5. 
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7.6 Subsurface Investigations at MDA AB 

The subsurface investigations at MDA AS are designed to address the following 
decision-based questions: 

(1) Have wastes migrated from the subsurface zones of 
contamination created in the original hydronuclear 
experiments? 

(2) Are the site geotechnical properties adequately known to 
allow predictions of future waste migration? 

(3) What is the source and significance of water in Core 

Hole2? 

(4) What is the distribution of contaminants beneath the 
asphalt pad at Area. 2? 

According to the observational-approach and the assumed future use scenario 
for MDA AS (institutional control), only those data that address these questions 
needs to be collected. If satisfactory answers to these questions do not result 
from Phase I investigations, a Phase II study is likely to be triggered. Otherwise, 
it may be possible to proceed directly to a corrective measures study. 

7.6.1 Continuous Monitoring for Water in Core Holes 1,2, 3, and 4 and 
Moisture Test Holes 

Investigations proposed in this subsection are intended primarily to address 
question 3 listed in the introduction to Section 7.6. 

Continuous monitoring of the water level in Core Hole 2 will be continued 
through Phase I using a transducer and data logger. During the summer or fall 
of 1992, the existing water in Core Hole 2 will be bailed and the recovery of the 
level of standing water will be measured. 

Although water has not been detected in Core Holes 1, 3, and 4, it cannot be 
stated without qualification that water has never been present in these holes 
because they have been checked infrequently. Therefore, Core Holes 1, 3, and 
4 also will be equipped with transducers and data loggers to detect the 
appearance of water, if it should occur in these holes. Continuous data will be 
collected to quantify the response of detectable infiltration (if any) into these 
holes as a result of seasonal and episodic events at the surface. At the 
conclusion of Phase I, an assessment will be made as to whether continuous 
monitoring should be extended beyond this period. 

The entire moisture test hole network in the vicinity of Area 2 (see Figure 7.3-3) 
will be monitored with a neutron moisture probe on a quarterly basis through the 
Phase I studies and more often if anomalous moisture content is detected. 
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7.6.2 Chemical and Isotopic Analysis of Water 

Investigations proposed in this subsection are intended primarily to address 
questions 1 and 3 listed in the introduction to Section 7.6. 

Water retrieved from Core Hole 2 (and Core Holes 1, 3, and 4, if water is 
observed in these holes) will be analyzed quarterly during the expected 2-yr 
dUration of Phase I. Level III chemical and isotopic analysis will be carried out 
for TA-49 water samples for the list of analytes indicated in Table 6.1-5. Deep 
test wells DT-5A, DT-9, and DT-10 will be sampled annually. Stable and 
radioisotopic measurements (as indicated in Table 6.1-5) will be carned out to 
determine absolute ages of vadose water. These ages will be used to evaluate 
the rate of infiltration through the hydrostratigraphic column beneath MDA AB. 

Analysis for the same analyte suite will be carried out on pore fluids extracted 
from at least two sets of core recovered from Area 2 during Phase I. Similarly, 
two sets of pore fluids will sampled from Area 1. Sampling depths of about 30 
and 100 ft will be used to bracket most of the experimental shaft bottoms. 

The stable and radiologic isotope data (for example chlorine-36, deuterium and 
oxygen-18) of TA-49 subsurface waters will be used to place constraints on 
recharge areas of these waters, based on current information on local springs, 
streams, and the main aquifer. If isotopes in the sampled water vary on a 
seasonal basis, it can only mean that the water is responding to seasonal 
changes in recharge and/or has a mixed source of recharge. By use of 
appropriate calculations, maximum and minimum ages of the water can be 
calculated to constrain the hydrologic models. 

7.6.3 Analysis of Solids from Core Holes 1, 3, and 4 

Investigations proposed in this subsection are intended primarily to address 
questions 1 and 3 listed in the introduction to Section 7.6. 

One solid sample each will be collected from the bottoms of Core Holes 1, 3, 
and 4 and will be analyzed by Level III methods for total uranium, isotopic 
plutonium, gamma spectrometry, RCRA metals, and gross alpha/beta 
radioactivity . 

7.6.4 Vertical Borehole Installation and Characterization 

Investigations proposed in this subsection are intended primarily to address 
questions 1, 2, and 3 listed in the introduction to Section 7.6. These 
investigations also will provide some information pertaining to question 4. The 
vertical boreholes will be used to characterize geotechnical properties related to 
potential waste migration in the vadose zone beneath the MDA experimental 
areas. In addition, analysis of cores from these holes will test the critically 
important hypothesis that movement of contaminants beyond the assumed 
radius of about 10 to 15 ft has not occurred in the three decades since the 
hydronuclear experiments created the wastes . 
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7.6.4.1 150-ft Core Holes in Area 2 

The existing moisture monitoring holes around Area 2 (see Figure 7.3-3) will be 
augmented by 150-ft deep holes drilled through the Area 2 pad at previously 
unused grid locations 2-G and 2-R [see Figures 7.2-1 (b) and 7.5-2]. Locations 
2-G and 2-R were selected in part because historical information indicates that 
they do not contain subsurface contaminants, thus simplifying drilling 
operations. In addition, boreholes at these locations provide a good distribution 
of sampling locations around Core Hole 2 and Experimental Hole 2-M, and 
these locations are surrounded by adjacent holes containing plutonium and 
uranium. The uppermost core sections also will provide information on the 
distribution of contaminants in the fill material under the asphalt pad and confirm 
the thickness and composition of the fill. 

The 150-ft holes will be drilled with a split-spoon hollow-stem auger rig, thus 
maximizing the probability of recovering intact core sections that can be 
characterized for excess moisture, lithology, and other subsurface 
characteristics. Also with augering (compared to other drilling methods such as 
air coring), contamination control is less problematical in the event that 
contamination is unexpectedly encountered. Three-foot core sections will be 
collected down to the level of the intact tuff (about 8 to 10ft below the surface) 
and 5-ft core sections will be collected below the tuff interface. Core 
geotechnical properties and borehole logging will be carried out as outlined in 
Section 7.4 and summarized in Table 7.4.1. Chemical and radiochemical 
analysis will be performed as described in Subsection 7.5.4 for discrete surface 
soil samples. 

7.6.4.2 150-ft Boreholes in Areas 1, 3, and 4 

It is proposed that one each 150-ft boreholes be installed in Areas 1, 3, and 4 
during Phase I. The objectives, siting criteria, and sampling protocols are the 
same (except for sampling of the fill under the Area 2 pad) as those described 
in the preceding section for 150-ft boreholes in Area 2. Characterization of 
these boreholes and core sections recovered from them also will be carried out 
as described for the 150-ft vertical boreholes in Area 2 . 

In Area 1, a 150-ft borehole will be installed at the unused grid location 1-H 
[(see Figures 7.2-1 (a) and 7.5-1]. This drilling location was selected because it 
is aqjacent to a number of plutonium contaminated shafts. 

In Area 3, a 150-ft borehole will be installed at unused grid location 3-H, which 
is adjacent to several tracer and containment shot holes [see Figures 7.2-1 (d) 
and 7.5-3]. 

In Area 4, a 150-ft borehole will be installed at unused grid location 4-N, which 
is adjacent to a number of plutonium contaminated shafts [see Figures 7.2-1 (e) 
and 7.5-4]. 
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7.6.4.3 700-ft Vertical Boreholes in Areas 1 and 2 

During Phase I, one 700-ft vertical borehole is proposed for Area 1 and another 
for Area 2. These holes will allow the characterization of geotechnical properties 
beneath MDA AB to a depth below the Tshirege-atowi contact and will detect 
perched water (if any) beneath these areas. Logging of these holes, in 
combination with surface geologic studies outlined in Section 6.1 of this au 
work plan, will facilitate the identification of north-south fault zones that may 
exist within MDA AS (Subsection 4.5.2 of this au work plan addresses this 
pOint in greater detail). The objectives are the same (except for chemical and 
radiochemical analysis) as those described for the 150-ft borehole proposed for 
Area 2 (see Subsection 7.6.5.1). Characterization of these boreholes and core 
sections recovered from them also will be carried out as described in 
Subsection 7.6.5.1. 

If the 150-ft boreholes drilled in Areas 1 and 2 are found to be uncontaminated, 
coring probably will be continued to the 700-ft depth in one of the 150-ft holes in 
each area. However, the 700-ft vertical borehole also might be sited 
immediately adjacent to the experimental areas, depending upon assessment of 
the situation after the 150-ft vertical boreholes are completed. 

Chemical and radiochemical analysis of recovered core samples will be 
discontinued below the 150-ft level when contaminants no longer are detected 
in two consecutive core samples, as per the borehole stopping criterion 
described in Subsection 7.4.6 of this chapter . 

7.6.5 Shallow Boreholes Through the Area 2 Pad 

The investigation described in this subsection primarily addresses question 4 in 
the introduction to Section 7.5. Questions 2 and 3 are addressed secondarily. 

Four shallow boreholes will be implaced through the Area 2 pad to quantify the 
distribution of moisture in the fill and soil underlying the asphalt pad. Four holes 
located symmetrically with respect to the asphalt pad (see Figure 7.5-2) were 
judged to provide adequate and reasonably representative indication in' for 
abnormal moisture levels beneath the pad. The proposed 150-ft vertical 
boreholes will provide supplemental information of this type. Besides 
information on moisture in the fill material, the boreholes through the Area 2 pad 
will provide information on the thickness, composition, and contaminant 
distribution. 

The shallow boreholes will be drilled until intact tuft is encountered (expected at 
a depth of about 9 ft). Three-ft core sections will be collected for analysis as 
described above for recovered core samples from the 150 ft vertical holes. 

Soil moisture in the boreholes will be measured with a neutron moisture probe 
on a quarterly basis during Phase I, and more often if anomalous conditions are 
detected . 
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7.6.6 Lateral Boreholes Under Areas 1 and 2 

Investigations proposed in this subsection are intended primarily to address 
questions 1, 2, and 3 listed in the introduction to Section 7.6. 

A lateral borehole is proposed for installation under Area 2, as indicated in 
Figure 7.5-5. The primary purposes of this hole are to detect downward 
movement (if any) of water and contaminants through the shaft areas of MDA 
AB and to provide data on geologic structure under the MDA. The east-west 
orientation was chosen to maximize the likelihood of intersecting any tectonic 
structure that may be present because regional tectonic features are oriented 
predominantly north-south (Gardner and House in preparation, 0720). The 
locations of the drilling platform and the inclination of the hole were selected to 
provide a reasonably low borehole inclination under Area 2 while limiting the 
borehole to a reasonable length. 

The lateral borehole under Area 2 will be directed between the lines defined by 
two pairs of experimental holes, 2-P/2-T and 2-1<12-0 [see Figures 7.2-1 (b) and 
7.5-2]. This alignment was selected to be reasonably close to Core Hole 2 while 
underlying several plutonium-contaminated shafts. A vertical clearance of 20 ft 
(minimum) below the deepest shaft in Area 2 and 2A (Hole 2-Y, 78 ft deep) is 
planned. The 20-ft clearance was selected to be outside the 10-to 15-ft radius 
expected for the original explosive dispersal of contaminants, but close enough 
to detect with reasonable confidence any contaminant transport that may have 
occurred thereafter. This borehole will be installed after evaluation of results 
from the 150-ft vertical boreholes in Area 2. 

Borehole characterization will be carried out as described as described earlier in 
Section 7.6 for the 150-ft vertical shafts to be installed in Area 2. Beginning 50 ft 
from the shaft area and extending 50 ft beyond the opposite side, 5-ft core 
sections recovered from the lateral boreholes will be collected for chemical and 
radiochemical analysis. If the last two samples from the borehole do not show 
background levels of contaminants, core sampling and analysis will be 
continued until this condition is met, as per the borehole stopping criterion 
discussed in Subsection 7.4.6 of this chapter. 

Installation and sampling of the Area 1 lateral core hole will occur after the initial 
evolution of results from the Area 2 lateral borehole because specific refinement 
of borehole alignment and depth might be suggested. It is likely that the Area 1 
lateral borehole will be very similar to that in Area 2, except that it probably will 
be emplaced from west to east rather than from east to west (for operational 
convenience). The borehole will be directed to pass between the lines 
established by Experimental Holes 1-F/1-J and 1-1<11-0 [see Figure 7.2-a(a}). 
This alignment was selected because it lies near the center of the Area 1 shaft 
complex and underlies a high density of shafts containing plutonium. 

If the proposed lateral drilling scheme is not feasible for technical reasons, 
alternatives will be proposed. An alternative to the proposed scheme, for 
example, might be implacement of two shorter, more steeply angled holes from 
each side of Area 1 and Area 2. 
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7.7 Phase II Sampling Plan 

Phase II of the T A-49 RFI is expected to consist of completion of investigations 
at MDA AS and Area 11, as well as at other TA-49 areas (if Phase II 
investigations are required at the other areas). In Phase II; routine borehole and 
groundwater monitoring at MDA AS will continue as described above. Routine 
monitoring of air, ambient radiation levels, and sediment stations around MDA 
AS also will be continued in conjunction with the Environmental Surveillance 
Group's activities. 

The necessity for additional subsurface and surface characterization at all areas 
within MDA AS will be evaluated at the end of Phase I. Determination of the 
need for additional boreholes and collection of additional surface soil samples 
will be based on this evaluation. 

Depending upon the assessment of Phase I results, the following additional 
actions might be appropriate in Phase II: 

• implace lateral boreholes under Areas 3 and 4; 

• install additional vertical boreholes at MDA AS experimental 
areas; 

• collect soilltuff samples from soil pits; 

• install a geologic trench north of MDA AS to assist the mapping 
of fractures (particular1y tectonic); 

• remove localized hot spots and contaminated debris from the 
surface and near-surface of MDA AS; 

• conduct additional surface/near-surface characterization at 
MDAAS; and 

• install a new deep test well into the main aquifer in the vicinity 
of TA-49. 

The details of these activities will be refined after completion of Phase I and will 
be described in a revised work plan covering Phase II activities. For planning 
purposes, the installation of four additional 1S0-tt vertical boreholes and the 
col,lection of 100 soil samples is assumed. 
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CHAPTER 8 - NO-FURTHER ACTION UNITS 

8.1 Introduction 

This chapter presents information on SWMU 49-00 (underground fuel tank) and 
on SWMUs 49-007(a) and 49-007(b) (septic systems), which are listed in the 
1990 LaboratorySWMU report (LANL 1990, 0145). In addition, this chapter 
discusses several unlisted potential areas of concern that were considered 
during the work plan development. Based on the information discussed below, 
no further action (NFA) is proposed for these units, and these. areas should be 
considered suitable for unrestricted Laboratory use, subject to restrictions 
imposed by the ongoing use of TA-49 as a buffer zone for adjacent firing sites. 

The proposed NFA units are as follows: 

• 
• 
• 
• 
• 
• 
• 
• 

underground fuel tank (nonexistent) (SWMU 49-009), 

septic systems [SWMUs 49-007(a) and 49-007(b)], 

HE storage area east of Area 4, 

borrow pits along State Road 4, 

other disturbed areas at TA-49, 

PCBs in TA-49 road oil, 

firing site shrapnel, and 

HDT firing pit. 

Archival data for these TA-49 OU SWMUs and potential areas of concern 
indicate that it is appropriate to propose NFA under guidance proposed in 
Subpart S because these SWMUs pose no threat to human health or 
environment. Criteria used for proposing NFA for these units are listed below. 

• . NFA Criterion 1. The site or SWMU never has been used for 
the management (that is, generation, treatment. storage, or 
disposal) of RCRA hazardous wastes or radionuclides. 

• 

• 

• 

NFA Criterion 2. Site design, conditions, or institutional 
controls prohibit release from the SWMUs that would pose a 
threat to human health or environment. 

NFA Criterion 3. The SWMU is part of a process operating 
under the Laboratory's current RCRA Part B permit. NPDES, or 
other applicable discharge permit. 

NFA Criterion 4. The SWMU has been characterized or 
remediated in accordance with current applicable state or 
federal regulations, and the available data indicate that 
contaminants of concem are either not present or are present 
in concentrations near background levels. 
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8.2 Underground Fuel Tank (SWMU 49-009) 

On the basis of engineering drawings, the Laboratory SWMU report states that 
structure R-192 was an underground fuel storage tank. The SWMU report 
further states that the tank was relocated from TA-15 to TA-49 and renumbered 
as T A-49-56 some time between 1954 and 1963. The SWMU report references 
engineering drawing ENG-R5126 in stating that the tank was removed from 
TA-49 in 1971 but gives no further information regarding its size, construction, 
removal, or disposal. . 

Engineering Drawing R5110 (contained in Appendix B) documents the tank 
relocation noted in the SWMU report. 

Further document searches and extensive interviews with former site 
employees have shown that this tank actually was a 1036-gal butane tank 
located above ground in Area 11. Laboratory records show that the tank was 
taken to the salvage yard in September 1971 and found to contain no Significant 
levels of chemical or toxic contamination (Eller 1991,03-0050). 

The archival records and interviews also indicate strongly that no activities 
performed anywhere at TA-49 required on-site storage of fuels other than 
propane or butane for heating structures during the 1959 to 1961 period (Eller 
1991, 03-0002; Penneman 1991 a, 03-0043). Gasoline and diesel fuel were 
brought on-site as needed in tanker trucks to refuel vehicles and eqUipment. 

On the basis of this additional information, no underground fuel tank is believed 
to have been present at anytime at T A-49. By NFA Criterion 1 of Section 8.1, 
NFA is proposed for SWMU 49-009. 

8.3 Septic Systems [SWMUs 49-007(a) and 49-007(b)] 

Two septiC systems, compOSing SWMUs 49-007(a) and (b), accommodate 
sanitary waste from structures in Area 6 and the HDT training area. Figures 3.1-
2 and 8.3-1 show the locations of these septic systems. Engineering records 
and employee interviews indicate that the septic tanks were installed in 1985, 
and until May 1991 were used as holding tanks. During this period, contents of 
both septiC tanks were pumped into septic truck collectors when necessary and 
disposed of off-site. In May 1991, evapotranspiration fields were completed and . 
connected to the tanks. Discharge through the tanks and into the septic fields 
then commenced. SeptiC tank reports [Pan Am World Services, Inc., 1990, 
0693; HSE-8 1989, 0752; Eller 1991, 03-0051] and engineering construction 
drawings (see Appendix B) provide siting and construction details. 

SWMU 49-007(a) consists of the area immediately around the septic tank in 
Area 6. This tank is designated as structure TA-49-115, NMEID Registration 
NUmber LA-50. The tank has a volume of 1000 gal and is 8 ft long and 4 ft wide 
by 4 ft deep. The tank serves Building TA-49-115 (referred to as the Day Room, 
or the Antenna Test Facility), which currently is used by Laboratory Group AT-9. 

SWMU 49-007(b) consists of the area immediately around the septic tank that 
serves building T A-49-113 and associated structures, which. currently are used 
by the Laboratory's Hazardous Devices Team. This tank is designated as 
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No Further Action Units 

structure TA-49-119, NMEID Registration Number LA-49. The tank has a • 
capacity of 1500 gal and is 9.5 ft long by 4.5 ft wide by 4.5 ft deep. 

The Laboratory SWMU report (LANL 1990, 0145) states that both septic tanks 
serve a single building. Based on field inspection and analysis of engineering 
drawings, this report is in error. Two (and only two) physically unconnected and 
geographically well separated septic systems exist (or ever have existed) at TA-49.· 

Environmental monitoring apparently has not been performed in the immediate 
vicinities of the T A-49 septic tanks. However, the possibility is very low that 
contaminants of concern are associated with these recently installed units. With 
the exception of small quantities of explosives that are detonated occasionally 
for training purposes at the HOT facility and the detonation of small quantities of 
shock-sensitive chemicals on a limited basis in adjacent areas (see Section 8.9 
of this chapter) there is no evidence that hazardous or radioactive materials 
were ever associated with these septic systems. More specifically, there is no 
evidence that such materials were ever discharged into the T A-49 septic tanks 
nor that tank overflow or leakage has occurred. Consequently, it is very unlikely 
that the septic systems are release sites. Therefore, by Criteria 1-3 listed in 
Section 8.1, NFA is proposed. 

8.4 HE Storage Area 

Aerial photog raphs of T A-49 taken in 1965 and 1977 show two leveled and 
devegetated areas of approximately 100 by 100 ft located on the north side of 
the road opposite test well OT-10 about 2000 ft east of MOA AB (see Figures 
3.1-1 and 8.4-1). A small structure appears in the photographs. The cleared 
areas do not appear in 1954 aerial photographs and are not mentioned in any 
available documents. Because of the unusual and isolated location and lack of 
previous documentation, the origin and use of the cleared areas were 
investigated further. 

The site engineer responsible for this area during the 1959 to 1961 
hydronuclear program has stated that the aforementioned areas were used for 
storage of dynamite and blasting caps solely during this time period (Eller 1991, 
03-0004). He further stated that radioactive or hazardous materials (other than 
HEs) were never used in this area, that all unused material was removed, and 
that no spills occurred. The two storage structures were identical and consisted 
of 8- by 8-ft sheds covering 8-ft-diameter holes dug 4 ft deep in the soil. The 
structure that appears in the 1965 and 1977 photographs probably was 
removed during the TA-49 cleanup campaign in 1984. 

Field inspection in 1991 showed no evidence of artificial surface debris at the 
cleared areas (Eller 1991, 03-0004). 

Field sampling apparently has never been conducted at the site of the former 
HE storage area, but historical information indicates that the likelihood is very 
low that contamination above action levels presently exists at this site. HE 
residuals at a depth of about 4 ft are the only credible contaminants, and 
these should have degraded substantially by natural processes in the three 
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Figure 8.4-1 
July 1977 photograph 
showing the location 
of former HE storage 
units at T A-49. 
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decades since the area was used (Dubois and Baytos 1991, 0718). Therefore, 
by criteria 2 and 4 listed in Section 8.1, NFA is proposed for the former HE 
storage area. 

8.5 Borrow Pits Along State Road 4 

Aerial photographs that cover the period 1954 to 1991 show disturbed areas 
distributed along both sides of State Road 4 along the southern boundary of 
TA-49 (Figures 3.1-1 and 8.5-1). These features are not present in 1935 aerial 
photographs. and photographs for the intervening period are not available. 

Field inspection during the summer of 1991 showed these features to be open 
pits. Several of the pits have exposed bedrock marked by tracks from the heavy 
vehicles apparently used for the excavation (Eller 1991, 03-0004). Several of 
the pits contain small amounts of common trash, but evidence of hazardous or 
radioactive waste or significant burial of debris is not apparent. 

The pits appear to be borrow pits of the type used regionally for road 
construction in the 1950s and earlier. The pits appear relatively fresh in the 
1954 photographs, which is the proper timing for their creation and use during 
the realignment and paving of this portion of State Road 4 during the early 
1950s. However, search of Laboratory, Los Alamos County, and State of New 
Mexico Engineering Records has not produced documentation of this 
supposition (Eller 1991, 03-0004). Interviews of many former Laboratory 

• 

employees has given no evidence that the area south of the State Road 4 • 
boundary of the Laboratory ever was used for Laboratory operations. 

The likelihood is high that the pits are borrow pits associated with road 
construction and that hazardous or radioactive materials are not present. Thus, 
by criterion 1 listed in Section 8.1, NFA is proposed. 

8.6 Other Disturbed Areas At T A-49 

Aerial photographs taken after 1954 and a field inspection during the summer of 
1991 indicate a number of areas at T A-49 that show obvious soil disturbance. 
Extensive site-employee interviews, archival search, and examination of aerial 
and ground-level photographs from the period 1959 to 1965 have shown that 
essentially all of this soil disturbance occurred during the hydronuclear 
experiments from late 1959 to mid-1961. Apparently, the soil disturbance was 
associated with routine site construction activities that did not involve 
radioactive or hazardous materials or any type of disposal (except as noted 
elsewhere in this work plan). The location and probable use of these areas, as 
reconstructed from the information discussed above, are shown in Figure 8.6-1. 

The likelihood is high that the disturbed areas are of no environmental concern 
and therefore, by Criterion 1 listed in Section 8.1, NFA is proposed. 

8.7 PCBs In Road Oil 

Former TA-49 employees were asked whether PCB-contaminated road oil • 
could have been used at T A-49 for dust control. The Zia Site Engineer for 
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Figure 8.5-1 
May 1954 aerial photo 
showing the locations of 
possible borrow pits along 
State Road 4. 
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TA-49 during the hydronuclear and related experiments stated that such use 
would have been permitted only on a limited basis around MDA AB and that 
unused (uncontaminated) road oil would have been used for this purpose (Eller 
1991, 03-0004). This statement is supported by the fact that PCBs were not 
detected in the 1989 sampling of the 12 run-off stations around MDA AB (ESG 
1990. 0497). The likelihood of PCB contamination from road oil is therefore 
insignificant and by Criterion 1 of Section 8.1, NFA is proposed. 

8.8 Firing Site Shrapnel 

MDA AB and essentially all of the northernmost portion of TA-49 currently lie 
within the hazard circle (theoretical shrapnel-impact zone) of the TA-15 
Phermex firing site (see the hazard radius diagram in Appendix B). In the past, 
portions of TA-49 also lay within the impact zones of other firing sites at 
TAs 15 and 39. Field inspection and extensive site-employee interviews have 
provided no documented evidence that shrapnel has ever impacted Frijoles 
Mesa. The group leader currently responsible for T A-15 firing sites has stated 
that during the past 20 yr, no HE shots capable of prOjecting debris onto TA-49 
have been conducted and that the likelihood is very small that fragments of 
metal were projected onto T A-49 even during larger shots in the 1950s and 
1960s (Penneman 1991b, 03-0048). 

The possibility that small amounts of uranium-238 shrapnel have impacted 
TA-49 from adjacent firing sites is very small but cannot be excluded 
categorically. If impact has occurred, the shrapnel would be exceedingly difficult 
to locate and the likelihood is very small that levels of uranium exceeding action 
levels currently exist over significant areas. Therefore, by Criteria 1 and 2 of 
Section 8.1, NFA is proposed. 

8.9 HOT Firing Pit 

The Hazardous Devices Team (HDT) occasionally uses a firing pit in the HDT 
area for training with common high explosives (see Figure EXEC-3); Figure 3.1-
2 (b) shows a recent view over this area. 

In 1989, the firing pit was used on a limited emergency basis for the detonation 
of small quantities (less than 1 kg) of unstable, reactive chemicals collected 
elsewhere at the Laboratory (Mcinroy 1991, 03-0009). This emergency activity, 
as well as the use of common explosives, is allowable under RCRA regulations. 

Gross alpha and gross gamma analysis of 15 soil samples collected in 1990 
from locations distributed around the HDT area showed only background 
radionuclide levels. 

The HE training activities and the one-time small-scale chemical detonations 
are not is expected to have generated contamination above action levels, and 
no other hazardous or radioactive materials are believed to have been used in 
this area at any time. By NFA Criterion 1 listed in Section 8.1, NFA is proposed 

TA-49 Operable Unit RFI Work Plan 8-9 

No Further Action Units 

May 1992 



No Further Action Units ChapterB 

Chapter 8 References 

Dubois, F. W., and J. F.Baytos, May 1991. "Weathering of Explosives for 
Twenty Years," Los Alamos National Laboratory Report LA-11931, Los Alamos, 
New Mexico (Dubois and Baytos 1991 , 0718) 

Eller, P. G. 1991 "Hydronuclear Safety Manual and Documentation of the Area 
11 cleanup in 1971", Los Alamos National Laboratory, Los Alamos, New Mexico 
(Eller 1992 , 03-0002 ) 

Eller, P. G. 1991. "Memo on Alleged Underground Fuel Tank," Los Alamos 
National Laboratory, Los Alamos, New Mexico. (Eller 1991, 03-0050) 

Eller, P .G. 1991. " Memos on T A-49 No Further Action Units", Lbs Alamos 
National Laboratory, Los Alamos, New Mexico (Eller 1992 ,03-0004) 

Eller, P. G. 1991. "Memo on Septic Tank Reports" Los Alamos National 
Laboratory, Los Alamos, New Mexico. (Eller 1991,03-0051) 

ESG, 1990 (LANL, December 1990). "Environmental Surveillance at Los 
Alamos during 1989". Los Alamos National Laboratory Report- LA-12000-ENV, 
UC-702 and UC-707, Los Alamos, New Mexico. (ESG 1990, 0497) 

HSE-8 (Environmental Survelliance Section) (HSE-8) December 1989. "Active 
Septic Tank Systems· Los Alamos National Laboratory, Los Alamos, New 
Mexico. (HSE-8 1989, 0752) 

LANL 1990 (SWMU Report) "Solid Waste Management Unit Report", Vol I 
through IV, Los Alamos National Laboratory Report LA-UR-90-3400, prepared 
by International Technology Corp. under contract 9-XS8-0062RF-1, Los 
Alamos, NM. (LANL 1990, 0145) 

Mcinroy, D., 1991. Personal communication to P. G. Eller (Los Alamos National 
Laboratory) from D. Mcinroy Los Alamos National Laboratory, Los Alamos, New 
Mexico. (Eller, 1992, 03-0(09) 

Pan Am World Services, Inc., November 13, 1990. "Septic Tank Report," Los 
Alamos, New Mexico. (Pan Am World Services, Inc. 1990, 0693) 

Penneman, R. A. 1991 a . "Memo on On-Site Storage of Fuels", Los Alamos 
National Laboratory, Los Alamos,. New Mexico (Penneman 1991 a, 03-0043) 

Penneman, R. A. 1991 b. "Memo on Shrapnel Impact on Frijoles Mesa," Los 
Alamos National Laboratory, Los Alamos, New Mexico. (Penneman 1991., 
03-0048) 

Weston, Roy F., Inc., August 1989. "Release Site Database, Task 52, TA-49, 
Los Alamos, National Laboratory, Los Alamos, New Mexico. (Weston 1989, 
03-0015) 

TA-49 Operable Unit RFI Work Plan May 1992 

• 

• 

• 



• Project Management Plan 

• 

• 

Introduction 

Field 
Investigations 

Approach 

Annex I 

Project Management 
Plan 

-Technical Approach 
-Schedule 
-Reporting 
-Budget 
-T A-49 OU Organization & Responsibilty 

TA-49 Operable Unit RFI Work Plan 

Potential 
Response 

Actions 

May 1992 



• 

• 

• 

Project Management Plan 

TABLE OF CONTENTS 

PROJECT MANAGEMENT PLAN 

1.1 Technical Approach 

1.1.1 Technical Implementation Rationale 
1.1 .2 Priorities 

1.2 Schedule 

1.3 Reporting 

1- 3 

1- 3 

1- 5 
1- 7 

1- 7 

1- 9 

1.3.1 Quarterly Technical Progress Reports 1-10 

1.4 

1.5 

1.3.2 Technical MemorandaIWork Plan Modifications 1-10 
1.3.3 RFI Report 1-10 

Budget 

T A-49 OU Organization and Responsibility 

1.5.1 OU Project Leader 
1.5-2 Technical Team Members 
1.5-3 Field Teams Manager 
1.5-4 Field Team Leader(s) 
1.5-5 Field Team Members 

1-10 

1-11 

1-11 
1-11 
1-14 
1-14 
1-14 

Annex I References 1-15 

Annex I Figures . 

Figure 1.1-1 Logic flow of the TA-49 RFI 1- 4 

Figure 1.5-1 TA-49 OU field work organizational chart 1-12 

Figure 1.5-2 Laboratory ER program organizations' 
functions, and personnel 1-13 

Annex I Tables 

Table 1.1"1 Schedule and budget summary of the 
RFI/CMS for the T A-49 OU 

Annex I Attachments 

Attachment A List of LANL ER standard 
operating procedures (4 pages) 

1- 8 

Attachment B Detailed projected RFI/CMS schedule for the 
T A-49 OU (11 pages) 

TA-49 Operable Unit RFI Work Plan 1- 1 

Annex I 

May 1992 



Annex J Project Management Plan 

PROJECT MANAGEMENT PLAN 

This annex addresses the project management plan requirements of the HSWA 
Module (Task II, E., p. 39) of the Laboratory's RCRA Part B Permit (EPA 1990, 
0306) and presents the technical approach, management structure, schedule, 
budget, and reporting milestones for implementation of the TA·49 OU RFI as 
set forth in this work plan. The project management plan for the TA-49 OU RFI 
is an extension of the ER Program project management plan given in Annex I of 
the Installation Work Plan (IWP) (LANL 1991, 0553) and contains no significant 
departures from the IWP guidelines. 

Figure EXEC-3 of the Executive Summary and Appendix A contain site 
diagrams and SWMU lists for the TA-49 OU. Attachment A contains a list of 
LANL ER Standard Operating Procedures referenced in this OU work plan. 

1.1 Technical Approach 

The approach used for the TA-49 OU is based on the ER Program's overall 
technical approach to the RFIICMS process as described in Chapter 3 of the 
IWP (LANL 1991, 0553). The following key features characterize the ER 
Program approach: 

• use of action levels as criteria to trigger a corrective measures 
study (CMS); 

• phased sampling approach to site characterization; 

• decision and cost effectiveness analysis to support the 
selection of remedial alternatives; and 

• the application of the "observational" or "streamlined" approach 
to the RCRA Facility Investigation (RFI)/CMS process as a 
general philosophical framework. 

The technical approach employed for the T A-49 OU RFI is described in 
Chapters 2 and 5 of this OU work plan. Figure 1.1-1 contains a logic diagram for 
the TA·49 RFI. The general philosophy is to develop and iteratively refine the 
TA·49 OU conceptual model through carefully planned stages of investigation 
and data interpretation. The data gathered and subsequent interpretation will be 
used to define the nature and extent of contamination, and the likelihood for 
waste migration, at the TA-49 OU. An objective is to support decisions on 
interim corrective measures or a corrective measures study using the minimum 
data necessary. 

The technical objectives of the TA-49 OU RFI, as presented in Chapters 5-7 of 
this OU work plan, are as follows: 

• identify contaminants present at each SWMU; 

• determine the vertical and lateral extent of the contamination at 
each SWMU; 
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• identify contaminant migration pathways; 

• acquire sufficient information to allow quantitative migration 
pathway modeling and risk assessment; 

• provide data necessary for the assessment of potential 
remedial alternatives; and 

• provide the basis for detailed planning of corrective measures 
studies (CMS) 

1.1.1 Technical Implementation Rationale 

As summarized in this section, several relatively independent investigation 
paths comprise the schedule logic and the investigation rationale for the TA-49 
OU RFI, listed as follows: 

• SWMUs in areas other than Materials Disposal Area AB 
(MDA AS) or Area 11 

• Area 11 

• MDAAB 

• Baseline.characterization (away from SWMU areas) 

• Borehole monitoring 

Investigations of SWMUs in areas other than MDA AB and Area 11 

Investigations of SWMUs located in areas other than MDA AS and Area 11 are 
described in Sections 6.3-6.6 of this OU work plan. The characterization studies 
are designed primarily to determine whether contaminants exist above levels of 
concern in these areas. Only a single phase of investigation requiring about one 
year of field work to complete (within the three-year window of Phase I) is 
expected to be required for these areas. The RFI is expected to lead to 
recommendations of minimal remedial action or no further action (NFA) for 
these SWMUs, because the lack of significant contamination at these SWMUs 
is likely to have been demonstrated. 

Area 11 Investigations 

Phase I and II investigations of Area 11 are described in Section 6.2 of this OU 
work plan. These investigations primarily are designed to delimit the 
contaminated surface area and subsurface volume known to exist in Area 11. 
Limited characterization of transport-related properties of Area 11 soils also is 
proposed. Approximately one year of field work (within the three-year window) 
is expected to be required for Phase I investigations of Area 11. Contingent 
upon the results of Phase I, Phase II investigation could be required which may 
or mayor not suggest a subsequent CMS. 
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Figure 1.1-1 Logic flow of the TA-49 RFI. 
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MDA AB Investigations 

Phase I and II investigations of MDA AS are described in Chapter 7 of this au 
work plan and primarily involve the following elements: 

• characterization of the nature and extent of surface and near
surface contamination; 

• 

• 

• 

characterization of subsurface structure, hydrology, and other 
site geotechnical; 

characteristics which relate to modeling of the transport of 
deeply buried contaminants in the hydro nuclear shafts; and 

specific studies to clarify the origin and significance of water in 
Core Hole 2. 

Phase I investigations of MDA AB will require the full three-year period planned 
for the initial investigative phase. It is probable that Phase II investigations will 
be required for MDA AB, which could indicate the necessity for a CMS. 

Baseline Characterization (away from SWMU areas) 

In Section 6.1 of this au work plan, limited Phase I baseline characterization is 
proposed which consists of the following elements: . 

• analysis of a small number of soil and sediment samples well 
away from known TA-49 SWMUs to define site background 
levels and to confirm that contaminants have not migrated to 
the perimeter of the operable unit. 

• 

• 

surface geologic characterization of site stratigraphy, structure, 
drainage, and erosional characteristics 

development of a hydrogeologic base map addressing 
stratigraphic sections, geomorphology, hydrology, and 
joint/fracture information. 

This work will be conducted at various levels of intensity over the three-year 
period of Phase I investigations. It is not anticipated that additional baseline 
investigations will be required in Phase II. 

Borehole Monitoring 

The annual sampling of the existing deep test wells DT-5A, DT-9, and DT·10 
will be continued indefinitely. Neutron moisture measurements will be carried 
out on a quarterly basis Phase I in boreholes as specified in Chapter 7 of this 
au work plan. Water levels in Core Holes 1-2 of MDA AB will be measured 
continuously during Phase I. 
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1.1.2 Priorities 

The management priorities for the T A-49 RFI are as follows: 

• 

• 

• 

• 

• 

MDA AS contains by far the largest inventory of contaminants 
at T A-49 and is the most likely area to require a second phase 
of investigation, and possibly a CMS. Long-term surveillance is 
virtually certain to be required. Therefore, the primary focus of 
the T A-49 RFI/CMS is on MDA AS and work at this area should 
receive preferential scheduling and funding. 

Characterization of the source of water in Core Hole 2 should 
receive the highest priority in the investigation of MDA AB. 

Area 11 is the only other area of TA-49 which is likely to contain 
contaminants above levels of concern. Therefore, the 
investigation of Area 11 is second in priority only to that of MDA 
AB. 

SWMUs other than MDA AB and Area 11 are of lower priority 
because it is expected that the RFI will confirm that significant 
levels of contamination do not exist in these areas. 

Except for groundwater monitoring as mentioned above, the 
proposed baseline characterization can be carried out at any 
time during Phase I. 

1.2 Schedule 

General schedule requirements for the Laboratory's ER program are described 
in Annex I (Program Management Plan) of the IWP. Appendix S of the IWP 
contains a projected RFI/CMS schedule for the RFI/CMS prOCess for the TA-49 
OU, through the completion of the final CMS report. A revised version of this 
schedule was completed recently as Activity Data Sheet (ADS) 1144 and was 
submitted on February 22, 1992 for incorporation in the DOE Environmental 
Restoration and Waste Management Five-Year Plan. This plan is a key budget 
planning document for the DOE-wide ER program. The projected RFI/eMS 
schedule, milestone schedule, and baseline (unconstrained) budget summary 
submitted recently to DOE for the TA-49 RFI (ADS 1144) are provided in Tables 
EXEC-5 and 1.1-1 and in Figures EXEC-3 and 1.1-1 of this OU work plan. 
Attachment B of this annex contains a detailed projected schedule for the TA-49 
RFI/CMS, based on the unconstrained Five-Year Plan budgeVschedule. 

Implementation of RFI activities is contingent upon regulatory review and 
approval of the TA-49 OU Work Plan and upon the availability of funding. If the 
detailed costing of this OU work plan exceeds the planned budget, budgetary 
resolution will have to be accomplished either by a petition to DOE for additional 
funding through a change-control procedure or by extension of the RFI 
schedule. Schedules and costs will be updated through the DOE change control 
process as appropriate, with revisions submitted to EPA for approval. 
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The assumptions used to generate this schedule include the following. 

• Review and approval of the TA-49 OU RFI work plan and 
supporting project plans by regulatory agencies will be 
completed by August, 1992. 

• Certain tasks (e.g., baseline and Area 2 characterization) may 
be initiated before regulatory agencies grant final approval of 
the work plan. 

• The schedule assumes that an adequate number of support 
personnel (e.g., health and safety technicians and trained 
drilling contractors) will be available. 

• EPA approval of technical memoranda/work plan modifications 
(including EPA comments, Laboratory revision, and final EPA 
approval) is assumed to take two months, of which one month 
is allowed for EPA review and comment, and one month for 
revisions. 

• Phase II investigations are expected to be required only at 
MDA AS and Area 11. 

• The Phase I work scheduled in the first investigation year 
(1993) is constrained by the current planned DOE budget. 

• Where possible, extensive field work will not be scheduled 
between November 15 and March 15 each year, to allow for 
inclement weather. 

1.3 Reporting 

Results of RFI field work will be presented in three principal documents: 
quarterly technical progress reports, technical memoranda/work plan 
modifications, and the RFI Report. The purpose of these reports is detailed in 
the following discussion. A schedule of future documents, associated with 
implementation of this OU work plan, which are deliverable to EPA and DOE, is 
summarized in the following list. 

Document EPA DOE Date Due 

Monthly x X 25th of the following month 

Quarterly X Feb. 15, May 15, & Aug. 15 

Annual X X Nov. 15 

Phase Reports X X as in baseline; DOE milestones 
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1.3.1 Quarterly Technical Progress Reports 

As the TA-49 OU RFI is implemented. technical progress will be summarized in 
quarterly technical progress reports. as required by the HSWA module of the 
Laboratory's RCRA Part B operating permit (Task V, C, page 46). Detailed 
technical assessments will be provided in technical memoranda/work plan 
modifications. 

1.3.2 Technical MemorandaIWork Plan Modifications 

Technical memoranda/work plan modifications will be submitted for work 
conducted on TA-49 SWMUs. These documents will function as interim reports 
on portions of the RFI effort because of the multi-year time frame which will be 
required for completion of RFI field work. In other words. these technical 
memoranda will serve as partial RFI Phase I reports summarizing the results of 
initial site characterization activities and as partial RFI Phase II work plans 
describing the follow-on activities being planned (including any modifications to 
field sampling plans suggested by initial findings). 

1.3.3 RFI Report 

The RFI report for the T A-49 OU will summarize all field work conducted during 
the RFI. As required by the HSWA module of the Laboratory's RCRA Part B 
operating permit, the Laboratory will submit an RFI report within 60 days of 
completion of the RFI. As stated in Chapter 3 of the IWP (LANL 1991, 0553). 
the RFI Report will describe the procedures, methods, and results of field 
investigations and will include information on the type and extent of 
contamination, sources and migration pathways, and actual and potential 
receptors. The report also will contain adequate information to support delisting 
of sites that require no further corrective action. 

1.4 Budget 

The schedule presented above is based on a constrained budget for the first 
years of the RFI and preliminary cost analysis which is subject to significant 
uncertainties. The projected budget in fiscal year 1993 (FY 93) is based on 
expected DOE funding levels and is subject to chang,e depending upon funding 
allocations actually made. A change control petition to DOE is required to 
augment these funding levels. Because DOE funding requests are set two 
years in advance. the first year in which the TA-49 OU RFI is not constrained by 
previous budget estimates will be FY 94. Funding requests for FY 94 and 
beyond will reflect the cost and schedule that most efficiently complete the RFI 
plans. 

As pOinted out above, the RFI costing is being refined and is subject to 
considerable uncertainties at the present time. In particular, uncertainties 
regarding the cost of drilling through potentially contaminated areas could 
impact RFI costs substantially (and thus potentially affect the RFI schedule) . 
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1.5 T A-49 OU Organization and Responsibility 

The organizational structure for the ER Program is presented in Chapter 2 of 
the generic LANL ER Program Quality Program Plan and Quality Assurance 
Project Plan (QPP/QAPjP). ER Program lines of authority and responsibilities 
are identified in that document and in Figures 1.5-1 and 1.5-2 of this annex. 

Records of qualifications and training of all field personnel working on the RFI 
for the TA-49 au will be kept as ER Records [see Annex IV of the IWP, 
Records Management Plan].' Technical Contributors to the TA-49 work plan are 
listed in Appendix H of this au work plan. 

The responsibilities of the positions identified in Figures 1.5-1 and 1.5-2 are 
summarized in the following subsections. 

1.5.1 OU Project Leader 

Responsibilities of the TA-49 au Project Leader are as follows: 

• oversees day-to-day RFI operations, including planning, 
scheduling, and reporting of technical and administrative 
activities; 

• ensures preparation of scientific investigation planning 
documents and procedures; 

• prepares monthly and quarterly reports for the Project Manager 
(PM): 

• oversees subcontractors, as appropriate; 

• coordinates with technical team leaders 

• conducts technical reviews of the milestones and final reports; 

• interfaces with the ER Quality Program Project Leader (QPPL) 
to resolve quality concerns and to coordinate with the QA staff 
for audits; 

• complies with the LANL ER Program Health and Safety (H&S), 
records management, and community relations requirements; 

• oversees RFI field work and manages the field teams manager; 
and 

• complies with the Laboratory's technical and QA requirements 
for the LANL ER Program. 

1.5-2 Technical Team Members 

• 

• 

Technical team members are responsible for providing technical input for their • 
discipline throughout the RFI/CMS process. Technical team members have 
participated in the development of the T A-49 au work plan and the individual 
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fiele s...:.mpling plans and will continue to participate in the field work, data 
analysis, report preparation, work plan modifications, and planning of 
subsequent investigations as necessary. 

The primary disciplines currently represented on the T A-49 au technical team 
are chemistry, geology hydrology, geochemistry, statistics, biology, archeology, 
and health physics. The composition of the technical team may change with 
time as the technical expertise needed to implement the TA-49 au RFI 
changes. 

1.5-3 Field Teams Manager 

Responsibilities of the TA-49 au Field Teams Manager include the following: 

• 

• 
• 

conducts detailed planning and scheduling for the 
implementation of the RFI field actiVities outlined in Chapters 6 
and 7; 

oversees day-to-day field operations; and 

manages field team activities. 

1.5-4 Field Team Leader(s} 

The Field Teams Manager will assign field work to Field Team Leaders for 
implementation in the field: Each Field Team Leader will direct the execution of 
field sampling activities, using crews of field team members as appropriate for 
the activity. Field Team Leaders may be Laboratory or contractor personnel. 

1.5-5 Field Team Member(s) 

Field Team Members may include the following, as appropriate: 

• sampling personnel, 

• site safety officer, 

• geologists, 

• hydrologists, 

• health physiCists, and 

• . other applicable disCiplines. 

All teams will have, at a minimum, a site safety officer and a qualified field 
sampler. They are responsible for conducting the work detailed in field sampling 
plans, under the direction of the field team leader. Field team members may be 
Laboratory or contractor personnel. 
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Quality Program 
Project Leader 

K.L. Warthen 

TA-49 
Technical Team 

HSE Deputy Division Leader 
T.C. Gunderson 

--------------

Environmental Restoration Program 
Program Manager 

R.W. Vocke 

TA-49 Operable Unit 
i-----l Project Leader 

P.G. Eller 

I Field teams Manager 

I I I 
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Health and Safety 
Project Leader 

S, Alexander 

!---------Field Team Leader 1 '- Site Safety Officer 1 I-

i-----
I Field Team Leader 2!- L - - - -I Site Safety Officer 2· !-

I Field Team Leader 3 - - - - - - - -., Site Safety Officer 3 

Field Team 1 
• Sampling 

• Quality Assurance 
• Health and Safety 

I-H Field Team 2 
L.....J Field Team 3 

--- Authority 
- - - - - . Communication 

Figure I. 5-1 TA-49 Operable Unit field work organization chart showing 
lines of authority and responsibility 
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Figure 1.5-2. Laboratory ER Program Organizations, 
Functions, and Personel 

(as of May 1992) 
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General Instructions 
~faster Distribution List 

Procedure N~ 

LANL-ER-SOP-O1.0 l.RO 
LANL·ER·SOP-Ol.02,RO 
LANL·ER-SOP-Ol.03.RO 
~.ANL-ER-SOP-Ol.04.RO 

::...ANI.-ER-SOP-Ol.OS,RO 
l.At.'fL-ER ..sOP-O 1. 06,RO 

LANL·ER-SOP-03.04,RO 
LANL·ER-SOP-03.OS,RO 
LANL·ER-SOP..03.06,RO 
LANL·ER-SOP-03.07.RO 

LANL·ER-SOP-03.09,RO 

4.0 

LANL·ER·SOP..()4.01,RO 

ATTACHMENT A (4 pages) 

Los Alamos National Laboratory 
Environmental Restoration Program. 

Standard Operating Procedures 
(from Volumes I and II 
of the LANL ER SOP manual) 

CONTENTS 

VOLUME I 

GENERAL INrnlUCTIQNS 

General In.structioas for Field Investiptions 
Sample Coa&ainers and Preservation 
Handling, Paci:.aging, and Shipping of Samples 
Sample Control and Field DOC1lIDenaatlon 
Field Quality Control Samples 
Maoagemall of RFI-Geoenteci w_ 

RECONNAISSANCE!fW.Q SURVEXS 

petrogPphy 
Determination ofVolUlDle ConstitueDcs in Thin Sections of Rocks 
Fl'1ICtUre Cbarac:teri.zatoa 
Cha.racr.erizaboa of Lithologic Variation Within the Rock Outcrop 
of. Volcanic Field 
Geologic Mapping of Bedrock Units 

DRnJ,ING, [XCA V AIING. SAMPLING ANI2 LQGGING 

Drilling Methods and Drill Site Maaqemeac 



Procedure Nwnbers 

LANL-ER-SOP-06.01,RO 
LANL-ER-SOP"::.06.02,RO 
LANL-ER-SOP-06.03, RO 
LANL-ER-SOP-06.04,RO 
LANL-ER-SOP-06.05,RO 
LANL-ER-SOP-06.06.RO 
LANL-ER-SOP-06.09,RO 
LANL-ER-SOP-06.10,RO 
LANL-ER-SOP-06.U,RO 
LANL-ER-SOP-06.13,RO 
LANL-ER-SOP-06.14.RO 
LANL-ER-SOP-06.1S.RO 
LANL-ER-SOP-06.16.RO 
LANL-ER-SOP-06.17,RO 
LANL-ER-SOP-06.1S,RO 

LANL-ER-SOP-06.19,RO 
LANL-ER-SOP-06.21.RO 
LANL-ER-SOP-06.22,RO 

SA1\fPLING TECHNIQUES 

Purging of Wells for Representative Sampling of Groundwater 
Field Analytical Measurements of Groundwater Samples 
Sampling for Volatile Organics 
Sampling Commercial/Municipal/Domestic Wells 
Soil Water Samples 
Tensiometer (Soil Suction Monitor) Installation and Measurement 
Spade and Scoop Method for Collection of Soil Samples 
Hand Auger and Thin-Wall Tube Sampler 
Stainless Steel Surface Soil Sampler 
Surface Water Sampling 
Sedimcut Material Collection 
Coliwasa Samples for Liquids and Slurries 
Thief Sampler for Dry Powders or Granules 
Trier Samples for Sludges and Moist Powders or Granules 
Collection of Sand, Packed Powder, or Granule Samples Using the 
Hand Auger 
Weighted Bottle Sampler for Liquids and Slurries in Tanks 
Volatile Organic Sampling Train 
Canister Sampling for Organics EPA Method TO-14 

• 

• 
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General Instructions 
~faster Distribution List 

Procedure N1J!nhm 

LANL-ER-SOP..Q7.01.RO 
LA..'IT.-ER-SOP..Q7.D2.RO 
LANL-ER-SOP..Q7.03,RO 
LANL-ER-SOP-07.04,RO 

LANL-ER-SOP-09.01.RO 
LANL-ER-SOP-09.02,RO 
LANL-ER-SOP-09.0l.RO 
LANL-ER-SOP-09 .04.RO 
LANL-ER-SOP...09.OS.RO 
LANL-ER-SOP...09.c)6,RO 
LANL-ER-SOP...09.07.RO 

LANL-ER-SOP...09.09.RO 

Los Alamos .Natiooal Laboratory 
Environmental Restoration Program 

Standard Operating Procedures 

CONTENTS 

VOLUME II 

SUBSURFACE HYDROGEOLOGICAL m:E 
CIJARACTERlZAIION 

Pressure T l1UlSducers 
Fluid Level MeasuretDeDts 
Well Slug Tests 
Aquifer Pumpiag Tests 

GEQCHEMISrRY 

Thill Sectioo Preparation 
Operating the Mic:roprobe 
Operation of the Sieme.as X-Ray Diffractometer 
Calibration and Alignme:ot of the SielDlllDS Diffractometers 
Clay Mineral Separation for X-Ray Diffraction ADalysi.s 
Zeolite Puriticatioa aad Separatioa 
Operati.ag lnstroctiona (or lSI ModelDS-130 Scamting Electron 
Microscope and TrICOr Northern Series II X-Ray Analyzer 
Cutitic:atioo of StaDdard.s for Electron MiC1'OlD.llysis 



Procedure Numbers 

LANL-ER-SOP-IO.OLRO 

LANL-ER-SOP-ll.Ol,RO 

LANL-ER-SOP-I1.02,RO 
LANL·ER -SOP-I 1.03 ,RO 
LANL-ER-SOP-Il.04,RO 
LANL·ER -SOP-II. 05 ,RO 
LANL-ER-SOP-ll.06,RO 

ll.E!Jl SCREENING TECHNIQUES 

Screening of PCB'S in Soil 

GEOTECHNICAL ANALYSIS 

Measurement of Bulk Density, Dry Density, Water Content and 
Porosity in Soil 
Particle Size Distribution of Soil/Rock Samples 
Permeability of Gr:anular Soils 
Soil and Core pH . 
Total Organic Carbon 
Cation-Exchange Capacity 

• 

• 

• 
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lANl EM-8 ELLER 

REPORT DATE 7MAY92 RUN NO. 26 

• 

16:51 
REPORT/ACTIVITY AND BUDGETED COST 

ACTIVITY ORIG REM 
10 OUR DUR % 

260001 o o o 

260005 250 250 0 

260008 20 20 o 

·260009 20 20 o 

260010 20 20 o 

• 260015 250 250 o 

260025 250 250 0 

260065 40 40 o 

260070 249 249 0 

260090 80 80 o 

260095 10 10 o 

• 

FINEST HOUR ADS 1144:TA-49 BASELINE 

ENVIRONMENTAL RESTORATION START DATE 10CT91 FIN DATE 24FEB03 

DATA DATE 10CT91 PAGE NO. 
Detailed Projected RFI/CMS Schedule 

for the TA-49 au 
ACTIVITY DESCRIPTION 

BUDGET EARNED 

1144:START RFI WORK PLAN 

.00 .00 

1144:Conduct Voluntary C. Actions for RFI WP LOE 

.00 .00 

1144:Write Community Relations Plan 

.00 .00 

1144:Write Management Plan for RFI WP 

.00 .00 

1144:Write Health and Safety Plan for RFI WP 

.00 .00 

1144: Manage ADS During FY-92 (LOE) 

206314.00 .00 

1144: Develop NEPA Documentation for RFI WP(LOE) 

30240.00 .00 

1144: Develop Sampling Plan for RFI WP 

51680.00 .00 

1144: Manage ADS During FY-93 (LOE) 

179081.00 .00 

1144: Develop LANL Internal Draft of RFI WP 

169338.00 .00 

1144: LANL/VE Review Internal Draft RFI WP 

52120.00 .00 

SCHEDULED 
START FINISH 

10CT91 

10CT91 30SEP92 

10CT91 290CT91 

10CT91 290CT91 

1OCT91 290CT91 

10CT91 30SEP92 

10CT91 30SEP92 

10CT91 27NoV91 

10CT92 30SEP93 

10CT91 30JAN92 

31JAN92 13FEB92 



LANL EM-8 ELLER 

REPORT DATE 7MAY92 RUN NO. 26 
16:51 

SCHED REPORT/ACTIVITY AND BUDGETED COST 

ACTIVITY ORIG REM 
10 OUR DUR 

260100 10 10 o 

260105 9 9 o 

260110 11 11 o 

260115 10 10 o 

260120 30 30 o 

260125 44 44 o 

260130 44 44 o 

260135 46 46 o 

260140 20 20 o 

260145 10 10 o 

260155 249 249 o 

FINEST HOUR ADS 1144:TA-49 BASELINE 

ENVIRONMENTAL RESTORATION START DATE 10CT91 FIN DATE 24FEB03 

ACTIVITY DESCRIPTION 
BUDGET EARNED 

DATA DATE 10CT91 PAGE NO. 

SCHEDULED 
START FINISH 

1144: Incorp.LANL Rev Comments Intern Oft RFI WP 14FEB92 28FEB92 

17520.00 .00 

1144: Issue DOE Draft of RFI WP 2MAR92 12MAR92 

994.00 .00 

1144: Cond DOE Review of DOE Oft of RFI WP 13MAR92 27MAR92 

1082.00 .00 

1144:Incorp DOE Rev.Comments into DOE Oft RFI WP 30MAR92 10APR92 

17520.00 .00 

1144: Issue EPA/NMED Draft of RFI Work Plan 13APR92 22MAY92 

994.00 • 00 

1144: Conduct NMED Review of RFI Work Plan 26MAY92 27JUL92 

1082.00 .00 

1144: Conduct EPA Review of RFI Work Plan 26MAY92 27JUL92 

.00 .00 

1144: Write Ph1 Contracts for RFI;MobiLize 14SEP92 18NOV92 

38280.00 .00 

1144: Incorporate EPA/NMED Comments for RFI WP 28JUL92 24AUG92 

17520.00 .00 

1144: Issue Final RFI Work Plan 25AUG92 8SEP92 

994.00 .00 

1144: Assmt - Conduct VCA (LOE) 10CT98 30SEP99 

.00 .00 

• 

• 



LANL EM-8 ELLER FINEST HWR ADS 1144:TA-49 BASELINE 

REPORT DATE 7MAY92 RUN NO. 26 ENVIRONMENTAL RESTORATION START DATE 10CT91 FIN DATE 24FEB03 

• 

16:51 
) REPORT/ACTIVITY AND BUDGETED COST DATA DATE 10CT91 PAGE NO. 3 

......... - _ ...... - ......... --_ .. - --- ---".-- ..... _ .. -.. -- ... --------~-~---------------~ .. -- .. ---- ........... -------- -------- --_ .. _ ....... ............. _- ---_ .. 
ACTIVITY ORIG REM ACTIVITY DESCRIPTION SCHEDULED 

10 OUR OUR % BUDGET EARNED START FINISH 
......... --'" .. __ .... _---- -.------- .. -------- .... ---------------------~------ _ .. ----- -------- -~~----- ----~-~- -----

260160 250 250 0 1144: Manage ADS During FY-94 (LOE) 1OCT93 30SEP94 

52576.00 .00 

260165 491 491 0 1144: Conduct RFI PH1 Field Work 2FEB93 23JAN95 

146820.00 .00 

260170 530 530 0 1144: Conduct RFI PH1 S~le AnaLysis 2FEB93 20MAR95 

1439757.00 .00 

260175 530 530 0 1144: Conduct RFI PH1 Data Assessment 2FEB93 20MAR95 

58693.00 .00 

260180 491 491 0 1144: DeveLop NEPA Documentation for RFI Report 30JUL97 20JUL99 

• 44741.00 .00 

260185 247 247 0 1144: Manage ADS During FY-95 (LOE) 30CT94 29SEP95 

203846.00 .00 

260190 60 60 0 1144: Write RFI PH1 Report/WP Modification 21MAR95 13JUN95 

39448.00 .00 

260195 20 20 0 1144: Demobilize RFI PH1 fieLd Work 24JAN95 21FEB95 

7276.00 .00 

260200 22 22 0 1144: EPA/NMED Rev PH1 Report/WP Modification 14JUN95 14JUL95 

4879.00 .00 

260205 22 22 0 1144: DOE Review PH1 Report/WP Modification 14JUN95 14JUL95 

4879.00 .00 

260210 20 20 0 1144: Write PH2 Contract; Mobilize for RFI 14JUN95 12JUL95 

42301.00 .00 

• 



LANL EM-8 ELLER 

REPORT DATE 7MAY92 RUN NO. 26 
16:51 

SCHED REPORT/ACTIVITY AND BUDGETED COST 

ACTIVITY ORIG REM 
ID DUR DUR 

260215 490 490 0 

260220 490 490 0 

260225 490 490 0 

260230 249 249 0 

260235 1 00 100 o 

260240 110 110 o 

260245 20 20 o 

260250 132 132 o 

260255 249 249 o 

260260 20 20 o 

260265 40 40 o 

FINEST HCXJR ADS 1144:TA-49 BASELINE 

ENVIRONMENTAL RESTORATION 

ACTIVITY DESCRIPTION 
BUDGET 

1144: Conduct RFI PH2 FieLd \lork 

184662.00 

1144: Conduct RFI PH2 Sample Analysis 

1731279.00 

1144: Conduct RFI PH2 Data Assessment 

97525.00 

1144: Manage ADS During FY-96 (LOE) 

215056.00 

EARNED 

.00 

.00 

.00 

.00 

START DATE 

DATA DATE 

SCHEDULED 
START FINISH 

13JUL95 30JUN97 

13JUL95 30JUN97 

13JUL95 30JUN97 

20CT95 30SEP96 

1144: Conduct RFI Report Facility Investigation 1JUL97 25NOV97 

62332.00 .00 

1144: Conduct RFI Report Investigation Analysis 1JUL97 9DEC97 

251069.00 .00 

1144: Demobilize RFI PH2 Field \lork 1JUL97 29JUL97 

n76.00 .00 

1144: Prepare Internal Draft of RFI Report 21JUL99 2FEBOO 

336876.00 .00 

1144: Manage ADS During FY-97 (LOE) 10CT96 30SEP97 

226880.00 .00 

1'44: LANL/VE Review Internal Draft of RFI Rpt 3FEBOO 2MAROO 

10644.00 .00 

1144:Incorp.LANL Rev.Comments Intern Dft RFI Rpt 3MAROO 27APROO 

10224.00 .00 

10CT91 FIN DATE 24FEB03 

10CT91 PAGE NO. • 

• 

• 



LANL EM-8 ElLER 

QEPORT DATE 7HAY92 RUN NO. 26 

• 

16:51 
o REPORT/ACTIVITY AND BUDGETED COST 

ACTIVITY ORIG REM 
10 OUR OUR % 

260270 20 20 o 

260275 22 22 o 

260280 40 40 o 

260285 20 20 o 

260290 249 249 0 

• 260295 44 44 o 

260300 44 44 o 

260305 245 245 o 

260310 35 3S o 

260315 3S 35 o 

260320 35 35 o 

• 

FINEST HOUR ADS 1144:TA-49 BASELINE 

ENVIRONMENTAL RESTORATION START DATE 10CT91 FIN DATE 24FEB03 

DATA DATE 10CT91 PAGE NO. 5 

ACTIVITY DESCRIPTION 
BUDGET EARNED 

SCHEDULED 
START FINISH 

1144: Issue DOE Draft of RFI Report 28APROO 25MAYOO 

1299.00 .00 

1144: conduct DOE Review of DOE Draft of RFI Rpt 26MAYOO 27JUNOO 

4690.00 .00 

'144: Incorp. DOE Rev. Comments DOE Drft RFI Rpt 28JUNOO 23AUGOO 

4690.00 .00 

1144: Issue EPA/NMED Draft of RFI Report 24AUGOO 21SEPOO 

1299.00 .00 

1144: Manage ADS During FY-98 (LOE) 10CT97 30SEP98 

226880.00 .00 

1144: conduct EPA Review of RFI Report 22SEPOO 28NOVOO 

4713.00 .00 

1144: Conduct NMED Review of RFI Report 22SEPOO 28NOVOO 

4713.00 .00 

1144:Conduct Bench/Pilot Studies for CMS pl(LOE) 22SEPOO 17SEP01 

.00 .00 

1144: Establish Current Situation for eMS Plan 22SEPOO 13NOVOO 

2052.00 .00 

1144: Establish CA Objectives for CMS Plan 22SEPOO 13NOVOO 

3250.00 .00 

1144: Develop Screening Technologies for CMS Pl 22SEPOO 13NOVOO 

2979.00 .00 



LAJIL EM-8 ELLER 

REPORT DATE 7HAY92 RUN NO. 26 
16:51 

SCHED REPORT/ACTIVITY AND BUDGETED COST 

ACTIVITY ORIG REM 
10 DUR DUR % 

260325 248 248 o 

260330 15 15 o 

260335 20 20 o 

260340 10 10 o 

260345 10 10 o 

260350 20 20 o 

260355 10 10 o 

260360 5 5 o 

260365 22 22 o 

260370 20 20 o 

260375 10 10 o 

FINEST HOUR 

ENVIRONMENTAL RESTORATION 

ACTIVITY DESCRIPTION 
BUDGET EARNED 

1144: Develop NEPA Documentation for CMS Plan 

1966.00 .00 

1144: Develop Alternatives for CMS Plan 

2979.00 .00 

1144: Incorporate EPA/NMED Comments on RFI Rpt 

.00 .00 

1144: Develop Internal Draft of CMS Plan 

7798.00 .00 

1144: LANL/VE Review Internal Draft of CMS Plan 

.00 • 00 

1144: Issue Final RFI Report 

1299.00 .00 

ADS 1144:TA-49 BASELINE 

START DATE 10CT91 FIN DATE 24FEB03 

DATA DATE 10CT91 PAGE NO. 

SCHEDULED 
START FINISH 

20CTOO* 28SEP01 . 

14NOVOO 6DECOO 

29NOVOO 28DECOO 

?DE COO 200ECOO 

21DECOO 8JAN01 

29DECOO 29JAN01 

• 

• 
1144:lncorp. LANL REV Comments Intern Oft CMS Pl 9JAN01 23JAN01 

.00 .00 

1144: Issue DOE Draft of CMS Plan 24JAN01 30JAN01 

1299.00 .00 

1144: Conduct DOE Review of Draft of CMS Plan 31JANOl 2MAR01 

.00 .00 

1144: Incorp DOE Rev Comments DOE Oft of CMS Pl 5MAR01 30MAROl 

.00 .00 

1144: Issue EPA/NMED Draft of eMS Plan 2APR01 13APR01 

1299.00 .00 

• 



LANL EM-B ELLER FINEST HOUR ADS 1144:TA-49 BASELINE 

REPORT DATE 7MAY92 RUN NO. 26 ENVIRONMENTAL RESTORATION START DATE 10CT91 FIN DATE 24FEB03 

• 

16:51 
o REPORT/ACTIVITY AND BUDGETED COST DATA DATE 10CT91 PAGE NO. 7 

_ ........ --_ .... _ .. _ .. _ .... - .. --- ----_ .. -.... - ------ .... -.... -~~------------------.--.------. -------- ---~.---
........... _ .... .. -- ............. _---

ACTIVITY ORIG REM ACTIVITY DESCRIPTION SCHEDULED 
10 OUR OUR % BUDGET EARNED START FINISH 

-..... -............. _'"'w ___ • ___ -----_ .. - ---.---.---.-- .. ----------------~------- -------- "'------- ... -- ... _ ..... - -------- -----
260380 44 44 0 1144: Conduct EPA Review of CMS Plan 16APR01 15JUN01 

.00 .00 

260385 4.4 44 0 1144: Conduct NMED Review of CMS Plan 16APR01 15JUN01 

.00 .00 

260390 20 20 a 1144: Incorporate EPA/NMEO Comments on CMS Plan 18JUN01 16JUL01 

229.00 .00 

260395 10 10 0 1144: Issue Final CMS Plan 17JUL01 30JUL01 

1299.00 .00 

260400 5 5 0 1144: EPA Approves CMS Plan 31JUL01 6AUG01 

• 631.00 .00 

260405 245 245 0 1144: Conduct CMS Bench/Pilot Studies (LOE) 7AUG01 31 JUL02 

478710.00 .00 

260410 249 249 0 1144: Manage ADS During FY-99 (LOE) 10CT98 30SEP99 

226880.00 .00 

260412 95 95 0 1144: Manage ADS During FY 2000 10CT99 23FEBOO 

.00 .00 

260415 30 30 0 1144: Conduct Technical Evaluation for CMS Rpt 7AUG01 18SEP01 

16468.00 .00 

260420 30 30 0 1144: Cond Environmental Evaluation for CMS Rpt 7AUG01 1 BSEP01 

16236.00 .00 

260425 30 30 0 1144: Cond Human Health Evaluation for CMS Rpt 7AUGOl 16SEP01 

15107.00 .00 

• 



LANL EM-8 ELLER 

REPORT DATE 7MAY92 RUN NO. 26 
16:51 

SCHED REPORT/ACTIVITY AND BUDGETED COST 

_ .. --- .......... .. .. _ .. - _ .. _ .... 
.. --- ----------

ACTIVITY ORIG REM 
10 OUR DUR % 

.. _ .... 4< --- - .. --" ---- - -- - -----'"'''''---
260430 30 30 0 

260435 30 30 0 

260440 30 30 0 

260450 10 10 a 

260455 10 10 0 

260460 35 35 0 

260465 10 10 0 

260470 22 22 0 

260475 22 22 0 

260480 10 10 0 

260485 44 44 0 

FINEST HOUR ADS 1144:TA-49 BASELINE 

ENVIRONMENTAL RESTORATION START DATE 10CT91 FIN DATE 24FEB03 

DATA DATE 10CT91 PAGE NO. 

-------------.---.- .. ----~~-.- .. --~------------~-- -_ ... --_ .... -_ .. ----- .. _------ ................... ............ 

ACTIVITY DESCRIPTION SCHEDULED 
BUDGET EARNED START FINISH ___ .. _________ w_~ ______________ •• _. ______________ 

---..,---- -------- ---~ .. --- -------- .. _-- .. 
1144: Cond Community Relations Eval.for CMS Rpt 7AUG01 1SSEP01 

14153.00 .00 

1144: Conduct Cost Evaluation for CMS Report 7AUG01 18SEP01 

15000.00 .00 

1144: Develop NEPA Documentation for CMS Report 7AUG01 18SEP01 

29223.00 .00 

1144: Prepare Internal Draft of CMS Report 19SEP01 20CT01 

11816.00 .00 

1144: lANL/VE Rev Internal Draft of CMS Report 30CT01 170CT01 

631.00 • 00 • 1144: I ncorp lANL Rev Comments Intern.Dft CMS Rpt 12JUN02 31JUL02 

631.00 .00 

1144: Issue DOE Draft of CMS Report 1 AUG02 14AUG02 

1299.00 .00 

1144: Conduct Review of DOE Draft of CMS Report 15AUG02 16SEP02 

229.00 .00 

1144: Incorp. DOE Rev Comments DOE Oft CMS Rpt 17SEP02 170CT02 

229.00 .00 

1144: Issue EPA/NMED Draft of CMS Report 1S0CTO, 310CT02 

1299.00 .00 

1144: Conduct EPA Review of CMS Report 1 NOVO, 9JAN03 

229.00 .00 

• 



LANL EM-8 ELLER 

REPORT DATE 7MAY92 RUN NO. 26 

• 

16:51 
. REPORT/ACTIVITY AND BUDGETED COST 

ACTIVITY ORIG REM 
10 DUR DUR 

260490 44 44 o 

260495 20 20 o 

260505 10 10 o 

260510 169 169 0 

690000 189 189 0 

• 690005 249 249 0 

26M005 o o o 

26M010 o o o 

26M015 o o o 

26M020 o o o 

26M025 o o o 

• 

FINEST HOUR 

ENVIRONMENTAL RESTORATION 

ACTIVITY DESCRIPTION 
BUDGET 

1144: Conduct NMED Review of CMS Report 

229.00 

EARNED 

.00 

1144: Incorporate EPA/NMED Comments on CMS Rpt 

.00 .00 

1144: Issue Final CMS Report 

1299.00 .00 

1144: Conduct MDA AB Pilot/Study FY-92 (LOE) 

284764.00 .00 

1144: Conduct VCA (LOE) 

32672.00 .00 

1144: Conduct VCA (LOE) 

43563.00 .00 

1144: DOE DRAFT RFI WORK PLAN COMPLETED 

.00 .00 

1144: EPA/NMED DRAFT OF RFI WORK PLAN COMPLETED 

.00 .00 

1144: RFI WORK PLAN COMPLETED 

.00 .00 

1144: START RFI 

.00 .00 

1144: START DEVELOPING RFI REPORT 

.00 .00 

ADS 1144:TA-49 BASELINE 

START DATE 10CT91 FIN DATE 24FEB03 

DATA DATE 10CT91 PAGE NO • 

SCHEDULED 
START FINISH 

1 NOV02 9JAN03 

10JAN03 7FEB03 

10FEB03 24FEB03 

14SEP92 19MAY93 

2JAN97* 30SEP97 

10CT97 30SEP98 

12MAR92 

22MAY92 

8SEP92 

19NOV92 

30JUL97 

9 



--~------------------------------ .. ------------------------.-~- ... -----------------------.-----~.---------- .. _ .. _-------_ .. _---------
LANL EM-S ELLER FINEST HOUR ADS 1144 :TA-49. BASELINE 

REPORT DATE 7MAY92 RUN NO. 26 ENVIRONMENTAL RESTORATION START DATE 10CT91 FIN DATE 24FEB03 
16:51 

1. SCHED REPORT/ACTIVITY AND BUDGETED COST DATA DATE 10CT91 PAGE NO. 

-_ .. ..,- ........ .. _ .... - ........ ----_ ....... _- --------------- .. --- .. ~.---------~-------------- .. - -_ ....... _-- _ ............... .. _ .... _ .... - -_ ....... --- ---_ .. 
ACTIVITY ORIG REM ACTIVITY DESCRIPTION SCHEDULED 

10 OUR DUR % BUDGET EARNED START FINISH 
_ ........ .. -_ ..... .. .. - ... .. ...... --_._ ...... _ ..... ____ .. _"_. _____ .. _ .. ____ w __ .... ~.~ __ ~ .... __________ ~ ___ .... -- .......... --_ ............. -.. -........... ... -.. _---- ... _ ... --
2614030 0 0 0 1144: EPA/NMED DRAFT OF PH1 REPORT COMPLETED 13JUN95 

.00 .00 

26M035 0 0 0 1144: RFI FIELD WORK COMPLETED 29JUL97 

.00 .00 

2614040 0 0 0 1144: EPA/NMED DRAFT OF RFI REPORT COMPLETED 21SEPOO 

.00 .00 

2614045 0 0 0 1144: START DEVELOPMENT OF CMS PLAN 22SEPOO 

.00 .00 

2614050 0 0 0 1144: RFI COMPLETED 29JAN01 

. 00 .00 • 2614055 0 0 0 1144: EPA NOTIFICATION OF CMS REQUIREMENTS 29JAN01 

.00 .00 

26140&1 0 0 0 1144: EPA/NMED DRAFT OF CMS PLAN COMPLETED 13APR01 

.00 .00 

2614065 0 0 0 1144: EPA APPROVED eMS PLAN 6AUG01 

.00 .00 

2614070 0 0 0 1144: START eMS WORK 7AUG01 

.00 .00 

2614075 0 0 0 1144: START DEVELOPMENT OF CMS REPORT 7AUG01 

.00 .00 

261t08O 0 0 D 1144: CMS WORK COMPLEIED 31JUL02 

.00 .00 

• 



LANL EM-8 ELLER 

REPORT DATE 7MAY92 RUN NO. 26 

• 

16:51 
D REPORT/ACTIVITY AND BUDGETED COST 

... "' .. -- ........ - _ .. "'''' ...... - .. -
ACTIVITY ORIG REM 

10 OUR OUR % 
--,..., ... _ ......... 

2614085 0 0 0 

2614090 o o o 

REPORT TOTAL 

• 

• 

FINEST HOUR 

ENVIRONMENTAL RESTORATION 

ACTIVITY DESCRIPTION 
BUDGET EARNED 

ADS 1144:TA-49 BASELINE 

START DATE 10CT91 FIN DATE 24FEB03 

DATA DATE 10CT91 PAGE NO. 11 

SCHEDULED 
START FINISH 

1144: EPA/NMED DRAFT OF eMS REPORT COMPLETED 310CT02 

.00 :00 

1144: ASSESSMENT COMPLETED 24FEB03 

.00 .00 

============ ============ 
7429829.00 .00 
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ANNEX II 

TECHNICAL AREA 49 OPERABLE UNIT 1144 
QUALITY ASSLIRANCE PRO~IECT PLAN 

for the 

LOS ALAMOS N~TIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROGRAM 
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DATE: ___ _ 
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Annex II 

2.0 LIST OF ACRONYMS 

A complete list of acronyms used in this QAPjP is given at the beginning of-this 
OU Work Plan. 

3.0 Project Description 

3.1 Introduction 

This Technical Area (TA)-49 Operable Unit (OU) RFI [Resource Conservation 
and Recovery Act (RCRA) Facility Investigation] Quality Assurance Project Plan 
(QAPjP) is tiered to the Los Alamos National Laboratory (LANL) Environmental 
Restoration (ER) Program Generic QAPjP. issued as a controlled document by 
the LANL ER Program. Information that is specific to the TA-49 OU RFI QAPjP 
is presented in detail in this document. Information that is covered by the LANL 
ER Program Generic QAPjP, or is presented elsewhere, has been referenced to 
a specific document chapter. The section titles and numbers in this OU QAPjP 
correspond directly to those contained in the Generic QAPjP for the LANL ER 
Program. 

This TA-49 OU QAPjP integrates the U.S. Environmental Protection Agency 
(EPA) 16-point QAMS-005/80 guidance (EPA 1980), as well as the ASME 
NQA-1-1989 edition of "Quality Assurance Program Requirements for Nuclear 
Facilities (ASME 1989) (as specified in DOE Order 5700.6C). The integration is 

• 

described in Section 3, Quality Assurance Program, of the LANL ER Quality • 
Program Plan (QPP), which was issued as a controlled document by the ER 
Program. . 

A list of LANL ER SOPs referenced in this annex is given in Attachment I of 
Annex I of this OU workplan. 

A list of LANL ER SOPs referenced in this annex is given in Attachment I of 
Annex I of thisd OU work plan. 

3.2 Facility Description 

A facility description of Los Alamos National Laboratory is presented in 
Subsection 2.0 of the IWP (LANL 1991, 0553). Historical information directly 
relevant to the T A-49 OU is presented in Chapters 1-8 of this OU Work Plan. 

·3.3 Environmental Restoration Program 

A description of the ER Program is presented in Section 3.0 of the IWP. 

3.4 Project Description 

3.4.1 Project Objectives 

Project objectives are outlined in Chapter 1 of this OU Work Plan. 

T A-49 Operable Unit RFI Work Plan 11-6 May 1992 
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• 

3.4.2 Project Schedule 

Project activity dates are presented in the Executive Summary and Annex I 
(Project Management Plan) of this OU Work Plan. 

3.4.3 Project Scope 

The scope of this project is presented in Chapter 1 of this OU Work Plan. 

3.4.4 Background Information 

OU background information is presented in Chapter 3 of this OU Work Plan. 

3.4.5 Data Management 

Information regarding data usage and data users is presented in Annex IV of 
this OU Work Plan. Data collected during the RFI at the T A-49 OU will be used 
to determine whether a source of contamination is present and, if present, to 
determine the extent of contamination at SWMUs or SWMU aggregates. as 
detailed in the field sampling plans in Chapters 6 and 7. The investigation 
should provide sufficient data for a baseline risk assessment and corrective 
measures study. Appendix C provides an overview of important aspects of data 
analysis for the T A-49 OU. Data collected during the RFI will be input into the 
Facility for Information Management. Analysis and Display (FIMAD) following 
the ER Records Management Procedure AP-02.1 and analyzed, as appropriate, 
using statistical techniques, kriging, 2- and 3-dimensional modeling. or other 
appropriate methods (see IWP Annex IV and IWP updates for additional details 
of FIMAD developments). 

4.0 Project Organization and Responsibility 

The overall organizational structure of the ER Program is presented in Section 
2.0 of the LANL ER Program QPP. Therein, ER program personnel are 
identified down to the technical team leader and operable unit project leader 
level. and personnel responsibilities and line authority are detailed. In addition, 
the Quality Assurance (QA) organizational structure is presented. 

Detailed information pertinent to the management organization for the T A-49 
OU RFI is provided in Annex I of this OU Work Plan. Records of qualifications 
and training of all personnel working on the T A-49 OU RFI field work will be 
kept as ER Records (see Annex IV of this OU Work Plan). Additional 
information on general responsibilities of personnel also is contained in Annex I 
of this OU WorkPlan. 

5.0 Quality Assurance Objectives for Measurement Data in terms of 
Precision, Accuracy, Representativeness, Completeness, and 
Comparability 

TA-49 Operable Unit RFI Work Plan 11-7 May 1992 



Annex II 

5.1 Level of Quality Control 

The appropriate analytical levels for intended data uses for the T A·49 OU are 
indicated in Table 5.8-1 of this OU Work Plan. Chapter 5 also outlines specific 
QA objectives for environmental media and parameters to be measured. 

5;1.1 Field Sampling 

Quality Assurance/Quality Control definitions presented in Appendix B of the 
LANL ER Program Generic QAPjP are applicable to activities described in this 
OU QAPjP. 

A discussion of quality control samples for the ER Program is presented in 
Subsection 6.1 of the LANL ER Program Generic QAPjP. The frequency and 
type of field quality control samples specified in the LANL ER Program Generic 
QAPjP will be used for chemical analysis of samples during the TA-49 OU RFI. 

Soil samples for geotechnical analysis will be collected during the TA·49 OU 
RFI as described in Chapter 6 of this OU Work Plan. These analysis will use 
either conventional laboratory procedures [e.g .. American Society for Testing 
and Materials (ASTM)] or SQPs. In contrast to samples submitted for chemical 
analysis. field quality control samples are not routinely aSSOCiated with 
geotechnical samples. 

5.1.2 Field Measurements 

The quality control level for field measurements performed during the T A-49 OU 
RFI will follow the recommendations presented in Subsection 5.1.2 of the LANL 
ER Program Generic QAPjP. . 

5.1.3 Analytical Laboratory 

The quality control level of effort for laboratory analysis for the TA-49 OU RFI 
will follow the recommendations specified in EPA methods or the frequency 
presented in Table V.2 of Subsection 5.1.3 of the LANL ER Program Generic 
QAPjP. 

5.2 Precision, Accuracy, and Sensitivity of Analysis 

The quality control acceptance criteria for laboratory analysis for precision, 
accuracy, and sensitivity of analysis for the TA-49 OU RFI will use the methods 
and detection limits specified for the EPA and DOE methods presented in 
Subsection 5.2 of the LANL ER Program Generic QAPjP. Specifically; the 
following will be used at the TA-49 OU: 

• Table V.3 for volatile organic compounds 
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• Table VA for semivolatiles 

• Tables V.5 and V.6 for polychlorinated biphenyls (PCBs) 

• 
• 
• 
• 

Table V.7 for inorganics 

Table V.B for radionuclides 

Table V.9 for miscellaneous analytes 

Table V.1 ~ for high explosives 

Specific analytes identified in the tables listed above may be included in the RFI 
investigations at the T A-49 OU. A broad category not included for work at the 
TA-49 OU are pesticides (included in Tables V.5 and V.6). 

5.3 Quality Assurance Objectives for Precision 

The quality assurance objectives for precision of laboratory analysis for the T A-
490U RFI samples will follow the EPA guidance specified in Subsection 5.3 
and Table V.11 of the LANL ER Program Generic OAPjP. 

5.4 Quality Assurance Objectives for Accuracy 

The quality assurance objectives for accuracy of laboratory analysis for TA-49 
OU RFI samples will fotlow the U.S. EPA guidance specified in Subsection 5.4 
and Tables V.11 and V.12 of the LANL ER Program Generic OAPjP. 

5.5 Representativeness, Completeness, and Comparability 

The field sampling plans in Chapters 6 and 7 of this OU Work Plan were 
developed to meet the sample representativeness criteria described in 
Subsection 14.3 of the ER Program Generic OAPjP. 

Completeness of analytical data from the T A-49 OU RFI will be calculated 
according to the formula presented in Subsection 14.4 of the ER Program 
Generic OAPjP. The quality assurance objective for analytical data 
completeness for the LANL ER Program is 90%, which also is the objective for 
the TA-49 OU RFI. 

Data comparability for the TA-49 OU RFI will be achieved through the use of 
standard sampling and analytical techniques. Sampling will be performed 
according to LANL ER Program Standard Operating Procedures (SOPs) listed 
in Appendix L of the IWP. Sample analysis will be performed according to 
analytical methods referenced in the LANL ER Program Generic OAPjP or this 
T A-49 OAPjP. Data results will be reported in appropriate units consistent with 
existing site data and applicable regulatory levels . 
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5.6 Field Measurements 

Field laboratory measurements for the TA-49 OU RFI will be performed 
according to the Field Screening Techniques procedures (Section 10.0) 
described in the LANL ER Program SOPs. Adherence to the LANL ER 
Program SOPs will ensure the accuracy, precision, and completeness of the 
field measurement data. 

5.7 Data Quality Objectives 

Appendix A of the Generic OA Project Plan contains a scenario illustrating a 
data quality objective. 

T A-49 OU Data Ouality Objective (000) elements are covered in Chapters 5, 
6, and 7 of this OU Work Plan and in the LANL ER Program Generic OAPjP. 

DOOs and the development process for the TA-49 OU RFI are described 
generally in Sections 2.2 and 5.8 of this OU Work Plan. Specific objectives for 
each investigation unit are described in Chapters 6 and 7, including lists of data 
needs, location figures, and sampling and analytical requirement tables that are 
specific to each SWMU. 

Data analysis, interpretation, statistical representativeness, and applicability to 
the conceptual model are discussed in Chapters 5 through 7. 

TA-49 OU RFI budget and schedule information relative to anticipated field and 
laboratory activities are summarized in the Executive Summary and described 
in greater detail in Annex I of this OU Work Plan. 

6.0 Sampling Procedures 

Procedures for collecting soil and aqueous samples will be selected, as 
appropriate to the field investigation from the LANL ER Program SOPs listed in 
Appendix L of the IWP. 

Information on required sample containers, volume, preservation, and holding 
times is presented in LANL ER Program SOP-01.02, "Containers, Sampling and 
Preservation". 

The collection, management, and handling of ER Program environmental media 
samples is covered by LANL ER Program SOP-01.04, "Sample Control and 
Documentation," and SOP·01.03, "Handling, Packaging, and Shipping of 
Samples". Also refer to Section 6.0 and Subsection 7.5 of the LANL ER 
Program Generic OAPjP for additional information on proper sample 
management and coordination. 

6.1 Quality Control Samples 

A discussion of quality control samples for the ER Program is presented in 
Subsection 6.1 of the LANL ER Program Generic QAPjP and the LANL ER 

TA-49 Operable Unit RFI Work Plan 11·10 May 1992 

• 

• 

• 



• 

• 

• 

Annex /I 

Program SOP-01.05, "Field Quality Assurance/Quality Control Blank Samples". 
The frequency and type of field quality control samples identified in the LANL 
ER Program Generic QAPjP will be followed for chemical analysis of samples 
during the T A-49 OU RFI. 

Soil samples for geotechnical analysis will be collected during the T A-49 OU 
RFI. In contrast to samples submitted for chemical analysis, field quality control 
samples are not routinely associated with geotechnical samples. Quality control 
for geotechnical sample analysis results is prescribed in the specific laboratory 
procedure. An additional measure of quality control for geotechnical samples is 
achieved by the collection and submittal to the laboratory of a sufficient volume 
of sample. A large sample volume may provide for reanalysis of an individual 
sample in the event results from the initial aliquot did not meet specific method 
requirements. 

6.2 Sample Preservation During Shipment 

Information on sample preservation during shipment is presented in LANL ER 
Program SOP, "Containers, Sampling and Preservation" and in Subsection 6.2 
of the LANL ER Program Generic QAPjP. 

6.3 Equipment Decontamination 

Equipment decontamination is described in LANL ER Program SOP-02.01, 
"General Equipment Decontamination" LANL ER Program SOP-01.06, 
"Management of RFI Generated Waste", provides information fol' proper 
handling and disposition of wash water and other materials generated during 
equipment decontamination and other RFI field activities. 

6.4 Sample Designation 

Samples will be assigned a unique alphanumeric identifier to provide chain-of
custody control during the transfer of samples from the time of collection 
through analysis and reporting. This information is detailed in LANL ER 
Program SOP-01.04, "Sample Control and Documentation". 

7.0 Sample Custody 

7.1 Overview 

Field and laboratory sample chain-of-custody procedures are described in 
Subsection 7 of the LANL ER Program Generic QAPjP. These procedures will 
be followed for sampling activities conducted during the T A-49 OU RlFI. The 
LANL ER Program SOP-01.04, "Sample Control and Documentation", also 
provides guidance for chain-of-custody procedures, including example chain-of
custody records and tags. 
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7.2 Field Documentation 

A sample numbering system developed for the LANL ER Program uniquely 
identifies each boring location, monitor well, and sample collected. The LANL 
ER Program numbering system, including standard sample identifiers, 
identifiers for quality control samples, and the code system to be used is 
detailed in LANL ER Program SOP-01.04, "Sample Control and 
Documentation". 

Section 7.2 of the LANL ER Program Generic QAPjP provides sample 
documentation guidance for field personnel involved with sample collection 
activities. The LANL ER program numbering system will be followed for all 
sampling activities conducted during the TA-49 OU RFI. All field data collection 
forms will be reviewed by the TA-49 Field Teams Manager, or a technical 
reviewer deSignee. before being submitted to the LANL ER Records Processing 
Facility. Incorrect entries will be crossed out with a single line and signed and 
dated by the person originating the entry and the TA-49 field teams manager or 
a technical reviewer designee. 

7.3 Sample Management Facility 

• 

Section 7.3 of the LANL ER Program Generic QAPjP provides a discussion of 
the ER Program activities coordinated by the LANL ER Program Sample 
Control Facility [also known as the Sample Management Facility (SMF)]. The 
activities described will be accomplished for the T A-49 au RFI effort. • 

7.4 Laboratory Documentation 

Laboratory custody procedures associated with sample receipt, storage, 
preparation, analysis, and general security are described in Subsection 7.4 of 
the LANL ER Program Generic QAPjP. These procedures will be followed by 
all laboratories participating in chemical analysis of samples generated during 
the T A-49 au RFI. 

Laboratories providing radiological and geotechnical analysis of T A-49 OU RFI 
samples also will follow chain-ot-custody and record-keeping procedures as 
described in Subsection 7.4 of the LANL ER Program Generic QAPjP. Sample 
storage for these samples will be according to requirements described in the 
analysis procedure or in the QA Plan of the laboratory .. Tracking of these 
samples will be according to requirements described in the QA Plan of the 
laboratory. 

Acquisition ot appropriate QA manuals for all TA·49 au RFI participating 
laboratories, including LANL EM-9, is the responsibility of the LANL SMF. 

7.5 Sample Handling, Packaging, and Shipping 

Sample handling, packaging, and shipping procedures are referenced in 
Subsection 7.5 of the LANL ER Program Generic QAPjP and in LANL ER 
Program SOP-01.03, "Guide to Handling, Packaging and Shipping of Samplesu

• 
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7.6 Final Evidence File Documentation 

Final evidence file documentation is described in Subsection 7.6 of the LANL 
ER Program Generic QAPjP and in Annex IV (Records Management Program 
Plan) of the IWP. TA-49 au RFI activities will follow these ER Program-wide 
procedures. SOPs will be developed, reviewed, and approved if needed. 

8.0 Calibration Procedures and Frequency 

8.1 Overview 

Section 8.0 of the ER Program Generic QAPjP contains information on the 
calibration procedures and frequency of calibration for both field and laboratory 
equipment. As appropriate, additional information also is referenced to the ER 
Program SOPs and the manufacturers equipment manual. 

8.2 Field Equipment 

A list of analytical and health and safety screening procedures that may be used 
in the field during environmental investigations is presented in Appendix M of 
the Laboratory IWP. 

Field instruments will be calibrated according to manufacturer's specifications 
before and after each field use, or as otherwise described in the Laboratory ER 
Program SOPs. Where necessary, instruments will be calibrated each day 
during field use. 

Maintain and calibration records will be maintained for each field instrument 
used as part of environmental investigations at the Laboratory. Tracking of 
instrument records will be accomplished by assigning a unique number to each 
instrument that will correspond to its record file. 

8.3 Laboratory Equipment 

Subsection 8.3 of the Laboratory ER Program Generic QAPjP contains general 
information on the calibration procedures and frequency of calibration for 
laboratory equipment. The Laboratory SMF is responsible for acquiring 
appropriate QA manuals that describe specific calibration procedures for 
various analytical instruments for all TA-49 au participating laboratories, 
including EM-9. 

The laboratory ER Program SOPs have been provided to EPA Region VI under 
separate submittal and are not attached to this au QAPjP. 

9.0 Analytical Procedures 
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9.1 Overview 

Subsection 9.1 of the ER Program Generic QAPjP provides an overview of 
.analytical procedures. Appropriate SOPs, as listed in Appendix L of the IWP, 
will be followed. 

9.2 Field Testing and Screening 

Subsection 9.2 of the LANL ER Program Generic QAPjP describes field testing 
and screening. Appropriate SOPs, listed in Appendix L of the IWP, will be 
followed. 

9.3 Laboratory Methods 

The analytical methods to be used for the TJ~-49 OU RFI for aqueous and 
soil/sediment samples are those presented in Subsection 9.3 of the ER 
Program Generic QAPjP. All of the analytical methods presented there are 
applicable to the T A-49 OU RFI with the exceptions noted in Subsection 5.2 
above; pesticides will not be analytes in this investigation. Where those 
analytes appear in Tables IX.1 and IX.2 of Section 9 of the LANL ER Program 
Generic QAPjP, they do not apply to the T A~49 OU RFI. 

10.0 Data Reduction, Validation, and Reporting 

10.1 Data Reduction 

Field and laboratory data reduction for the TA-49 OU RFI will follow the 
protocols described in Subsection 10.1 of the LANL ER Program Generic 
QAPjP. 

10.2 Data Validation 

Field and laboratory data validation for the TA-49 au RFI will follow the 
protocols described in Subsection 10.2 of the LANL ER Program Generic 
QAPjP, except that no reagent blanks are planned. 

10.3 Data Reporting 

Field and laboratory data reporting for the TA~49 au RFI will be as described in. 
Subsection 10.3 of the LANL ER Program GenE~ric QAPjP. 

11.0 Internal Quality Control Checks 
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11.1 Field Sampling Quality Control Checks 

A discussion of field quality control samples for the ER Program is presented in 
Subsection 11.1 of the LANL ER Program Generic OAPjP. The frequency and 
type of field quality control samples identified in the LANL ER Program Generic 
OAPjP will be followed, in general, for chemical analysis of samples during the 
T A-49 OU RFI. 

11.2 Laboratory Quality Control 

The types and frequency of internal quality control samples that apply to T A-49 
OU RFI laboratory activities will follow those presented in Subsection 11.2 of 
the ER Program Generic OAPjP. 

12.0 Performance and System Audits 

Performance and system audits for field and laboratory operations will be 
conducted during the TA-49 OU RFI. These audits will be performed as 
identified and referenced in Subsection 12 of the LANL ER Program Generic 
OAPjP. 

13.0 Preventive Maintenance 

13.1 Field Equipment 

Preventive maintenance requirements for field equipment used in the TA-49 au 
RFI will follow specifications described in Subsection 13.1 of the Laboratory ER 
Program Generic QAPjP (LANL 1991 b). The checks required for each type of 
field equipment are detailed in the Section 10.0 ER Program SOPs (LANL 
1991 a) and in the owner's manual for the equipment. The Laboratory's ER 
Program SOPs have been provided to EPA Region VI under separate submittal 
and are not attached to this au QAPjP. 

13.2 Laboratory Equipment 

Preventive maintenance requirements for laboratory equipment used in the T A-
49 au RFI will follow the specifications described in Subsection 13.2 of the 
Laboratory ER Program Generic QAPjP (LANL 1991 b). The elements of the 
Laboratory EM-9 preventive-maintenance program are discussed in Section 
12.0 and 14.0 of the Health and Environmental Chemistry Laboratory Quality 
Assurance Program Plan (Gladney and Gautier 1991). 

14.0 Specific Routine Procedures used to Assess Data Precision, 
Accuracy, Representativeness, and Completeness 
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14.1 Precision 

Analytical precision for TA-49 OU RFI data will be calculated according to the 
formula presented in Section 14.1 of the ER Program Generic QAPjP. 

,14.2 Accuracy 

Analytical accuracy of T A-49 OU RFI data will be calculated according to the 
formula presented in Section 14.2 of the ER Program Generic QAPjP. 

14.3 Representativeness 

The field sampling plans in Chapters 5 through 7 of this OU Work Plan were 
developed to meet the sample representativeness criteria described in 
Subsection 14.3 of the ER Program Generic OAPjP. 

14.4 Completeness 

Completeness of analytical data from the T A-49 OU RFI will ,be calculated 

• 

according to the formula presented in Subsection 14.4 of the ER Program • 
Generic QAPjP. 

The quality assurance objective for analytical data completeness for the LANL 
ER Program is 90%, which also will be the objective for the TA-49 OU RFI. 

15.0 Corrective Action 

15.1 Overview 

The procedures, reporting requirements, and authority for initiating corrective 
action during the TA-49 OU RFI will follow those defined in Section 15 of the ER 
Program Generic QAPjP and in LANL-ER-QP-01.3Q, "Deficiency Reporting. II 

15.2 Field Corrective Action 

Field corrective actions required during the TA-49 OU RFI will follow the 
process defined in Subsection 15.2 of the ER Program Generic QAPjP. 

15.3 Laboratory Corrective Action 

Laboratory corrective actions required during the TA-49 OU RFI will follow the • 
process defined in Section 15.3 of the ER Program Generic QAPjP. 
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16.0 Quality Assurance Reports to Management 

16.1 Field Quality Assurance Reports to Management 

The TA·49 Field Teams Manager or a designee will provide a monthly field 
progress status report to the LAI'JL ER Program Manager. This report will 
consist of the information identified in Subsection 16.1 of the ER Program 
Generic OAPjP. _ 

16.2 Laboratory Quality Assurance Reports to Management 

The laboratory OA reports identified in Subsection 16.2 of the ER Program 
Generic OAPjP will be prepared during the T A-49 au RFI. 

16.3 Internal Management Quality Assurance Reports 

The internal management OA reports identified in Subsection 16.3 of the ER 
Program Generic OAPjP will be prepared during the T A-49 au RFI 
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ANNEX III PROJECT HEALTH AND SAFETY PLAN 

1.0 Introduction 

This Annex contains the OU-specific Project Health and Safety (H&S) Plan 
which has been developed for the RCRA Facility Investigation (RFI) at the TA-
49 Operable Unit (OU), which also is referred to as OU 1144. This plan provides 
the framework within which personnel protection will be provided during the 
implementation of the RFI at TA-49. Task-specific health and safety plans will 
be prepared prior to the initiation of any field task. Task-specific plans also will 
describe the specific measures to be taken for personnel protection during 
implementation of the task and will define individual responsibilities which are 
outlined in the TA-49 OU Project Health and Safety Plan. Overall health and 
safety policy for the program is provided in Annex III (Health and Safety Plan) of 
the Installation Work Plan (IWP) (LANL 1991, 0553). 

As field investigation progresses, measures for personnel protection may be 
identified which are more effective than those identified in this annex. 
Deviations from the TA-49 OU Project Health and Safety Plan will be 
documented in the pertinent task-specific plan along with the reasons fro that 
deviation. As changes are required, the TA-49 OU Health and Safety Project 
Plan will be updated. A list of LANL ER standard operating procedures 
referenced in this OU work plan is provided as Attachment 111-1 to this OU work 
plan. 

• 

The TA-49 OU Project Health and Safety Plan includes an assessment Of. 
potential hazards, justification for personnel protection requirements, and site 
specific emergency response procedures. A copy of this plan will be kept on site 
at aI/ times. 

The specific purpose of this annex is to establish guidelines for field personnel 
involved in OU-wide and SWMU-specific investigations at the TA-49 OU. This 
plan applies only to the field investigations associated with the TA-49 OU. A 
new plan must be initiated for any corrective actions. In addition to following the 
general guidance in the IWP, the following regulations and standards were used 
to develop the procedures set forth in this plan: Laboratory policies and H&S 
Manual, DOE Orders, Occupational Safety and Health Administration (OSHA) 
regulations, National Institute for Occupational Health (NIOSH) standards, 
American Conference of Governmental Industrial Hygienists (ACGIH) 
recommendations, Nuclear Regulatory Commission (NRC) regulations, and 
Environmental Protection Agency (EPA) guidance. Applicable state and local 
regulations also will be followed. These standards and regulations have been 
established for the protection of workers on hazardous and radioactive waste 
sites of the type which exist at the T A-49 OU. Therefore, adherence to this plan 
is essential to the health and safety of site workers as well as the general 
public. 

The responsibilities of personnel with regard to the T A-49 OU health and safety 
as detailed herein do not distinguish whether Laboratory or contractor personnel 
are implementing this plan. If it is necessary to modify this plan for 
implementation, EPA will be notified of any such modifications. • 
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Detailed background information, including descriptions of specific site hazards, 
for the TA-49 OU is contained in Chapters 3, 6, and 7 of this OU work plan. 
Detailed maps of TA-49 showing the locations of SWMUs, access roads, 
topography, and other health and safety related features are contained in 
Figures EXEC-2 and EXEC-3 and in Appendix A. 

2.0 OU Field WOrk Organization 

The following information describes policies and standards set forth in this plan, 
including specific lines of responsibility, standards and regulations, and 
requirements for audits and variances of health and safety policies. 

2.1 General Responsibilities 

General RFI responsibilities are outlined in Section 5.0 of Annex III (H&S Plan) 
of the IWP. Listed below are specific responsibilities for personnel involved in 
the RFI for the T A-49 OU. 

2.2 Individual Responsibilities 

Within line management of the ER Program activities, there are certain 
employees and contractors with specific health and safety responsibilities . 
Figure 111-1 shows a field work organization chart showing line organization 
responsibilities: Other organizational charts pertinent to the TA-49 RFI are 
presented in Annex I (Project Management Plan) of this OU work plan .. 

Los Alamos EM and HS Deputy Division Leaders 

The Deputy Division Leaders of EM and HS Divisions are responsible for 
ensuring that programmatic health and safety concerns are addressed. They 
also are responsible for promoting a comprehensive health and safety program 
that covers special fields such as radiation protection, occupational medicine, 
industrial safety, industrial hygiene, criticality safety, waste management, and 
environmental protection and preservation. 

ER Program Manager 

The ER Program Manager is responsible for the overall health and safety 
program for ER Program activities. The program manager ensures that the 
health and safety programs are established, implemented, and supported. 

Health and Safety Project Leader 

The Health and Safety Project Leader (H&S PL) is responsible for updating and 
implementing the ER Program H&S Plan (Annex III of the IWP) and for 
reviewing operable unit H&S Plans. The H&S PL also is responsible for 
interfacing and coordinating with Laboratory personnel to use resources 
appropriate for the ER H&S program, and to ensure ER Program compliance 
with all applicable H&S policies and regulations. In conjunction with the Field 
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• Figure 111-1 

T A-49 OU Work Organization Chart Showing Health and Safety Responsibilities 

Environmental Management (EM) 

EM Division Leader 

T. Gunderson 

Environmental Restoration (EM-13) 

ER Program Manager 

R.W. Vocke 

I 
Operable Unit 1144 Health and Safety • 

Project Leader (INC-g) , Project Leader (EM-13) 

P.G. Eller S. Alexander 

Field Team Leader(s) Site Safety Officer 

----------------
To Be Announced To Be Announced 

- - - - - - - - - - - Authority 

Communication 
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Teams Manager, the H&S PL oversees day-to-day health and safety activities 
in the field. 

Operable Unit Project Leader 

The Operable Unit Project Leader (OUPl) is responsible for the RCRA 
investigations concerning the assigned OU. Specific health and safety 
responsibilities include 

• 

• 

preparation, review, implementation, and revision of OU health 
and safety documents; and 

interface with the H&S Pl to resolve health and safety 
concerns. 

Field Team Leader 

The Field Teams Leader is responsible for implementing the SAP, this H&S 
Project Plan, and the project-specific quality assurance project plan (QAPjP). 
Other health and safety responsibilities include 

• 
• 

• 

• 

• 

• 
• 

ensuring the health and safety of the field team members; 

assignment of a Site Safety Officer to ensure compliance with 
this site OU health and safety plan; 

familiarity with emergency response procedures and notification 
requirements and their implementation; 

acting as a backup to the site safety officer in the event of an 
emergency; 

coordination of field activities with Laboratory personnel and 
contractors, as needed; 

reading and complying with this OU health and safety plan; and 

ensuring day to day compliance of the health and safety 
procedures set forth in this plan. 

T A-49 Site Safety Officer 

In addition to the responsibilities outlined in Section 5.0 of Annex III of the IWP, 
the following responsibilities specific to TA-49 also will apply to the Site Safety 
Officer: 

• 
• 

reading and enforcing this OU health and safety plan; 

evaluating the potential hazards at the site; 

• coordinating with AT-9, OS-4, M-Division, and the Hazardous 
Devices Team (HOT) about activities and experiments affecting 
TA-49; 

TA-49 Operable Unit RFI Work Plan 111- 9 May 1992 



-'-A..::.n.:.:.n.:.::e::..:x-'-fl:..:.../ __________ ~ ___________ ~H~e=alth and Safety Project Plan 

• 

• 

• 
• 
• 
• 

• 

• 

• 

• 
• 
• 

• 

• 
• 

• 

• 

• 

being informed about the results of sample analysis pertaining 
to health and safety as the ER site investigation and 
remediation work progresses; 

concurring with the Field Team Leader about the location of 
exclusion area boundaries; 

presenting safety briefings to workers; 

determining protective clothing requirements for workers; 

determining personal dosimetry requirements for workers; 

maintaining a current list of telephone numbers for emergency 
situations; 

having an operating radio transmitter/receiver in case 
telephone service is not available; 

maintaining an up-to-date copy of the H&S plan for work at the 
site; 

maintaining an up-to-date copy of the emergency plan and 
procedures for the site; 

establishing the safety reqUirements to be followed by visitors; 

providing visitors with a safety briefing; 

maintaining a logbook of workers and visitors within the 
exclusion area at a site; 

determining whether workers can perform their jobs safely. 
under prevailing weather conditions; . 

taking control of an emergency situation; 

ensuring that all personnel have been trained in the appropriate 
safety procedures and have read and understood this au H&S 
Plan, and that all requirements are followed during au 
activities; 

conducting daily health and safety briefings for the Field Team 
Leader and field team members; 

conducting daily health and. safety audits of the work activities; 
and 

having authority and requiring that field be terminated if unsafe 
conditions develop or an imminent hazard is perceived. 

Field Team Members 

Field Team Members are responsible for conducting the assigned work in a 

• 

• 

manner that ensures that data collected are technically valid and legally • 
defensible. They also are responsible for observing applicable health, safety, 
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and environmental procedures; for using prescribed personal protective 
equipment; for promptly reporting accidents, injuries, and unsafe conditions; 
and for participating in required medical and biological monitoring programs. 

2.3 Health and Safety Audits 

Health and safety audits (including daily safety checks) will be performed during 
activities associated with this plan to ensure compliance with SOP-02.05, Safety 
Meetings and Inspections. The frequency of these audits will be at least 
quarterly with a minimum of one audit during the T A-49 remedial investigation. 
Audits will be conducted by the Site Safety Officer or a competent designee. 
Results will be documented in the Health and Safety Checklist (Attachment 1). 
The use of the checklist is outlined in ER Program SOP-01.01.02, Training and 
Medical Surveillance. The Laboratory HS and EM Deputy Division Leaders, ER 
Program Manager, ER H&S PL, and OU PL will receive copies of this report, 
which also will be retained at the work site. The Site Safety Officer will 
coordinate with the Field Team Leader to correct any deficiencies. OU 
readiness check lists must be completed before starting work. 

The Laboratory HS and EM Divisions also may conduct health and safety audits 
separately or concurrently with the internal ER audits to ensure compliance with 
the Los Alamos Environmental Safety and Health Manual. 

2.4 Variances from Health and Safety Requirements 

Where special conditions exist, a written request for a variance from a specific 
health and safety requirement may be submitted by the Site Safety Officer to 
the Field Team Leader and H&S PL. If the Field Team Leader and H&S PL 
agree with the request, the request will be reviewed by the OU PL or a 
designee. As appropriate, higher levels of management may be consulted. The 
condition of the request will be evaluated and, if appropriate, a variance 
specifying the conditions under which the requirement may be modified will be 
granted in writing. The variance will become part of this H&S Plan. 

3.0 Hazard Assessment and Personnel Protection Requirements 

The following section is deSigned to identify potential hazards associated with 
the field activities at the TA-49 OU. Tables 111-1 and 111-2 (discussed later in this 
section) summarize the levels of personal protection at individual SWMUs and 
exposure limits for potential wastes at the TA-49 OU. Tables 111-3 and 
111-4 summarize properties and suspected locations of contaminants at the 
TA-49 OU. Specific hazard information of this type will be reviewed again before 
work is performed at that particular location. Training in the use of all required 
personal protection equipment will be provided and only trained an/or certified 
personnel will be allowed to use such equipment. 
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TABLE 111-1 

SUMMARY REQUIRED INITIAL LEVELS OF 
PROTECTION FOR T A-49 SWMUs 

Required Levels of Protection 

Potential Waste Materials Field Surface Subsurface 
Surveys Sampling Sampling 

.SWMU 49-001 (a-g) MDA AB D D B orC 

• SWMU 49-002 Areas 10& 12 D D C 

• SWMU 49-003 Area 11 D D B orC 

• SWMU 49-004 Area 6 D D Cor D 

• SWMU 49-005 (a-b) Areas 5 & 10 D D Cor D 

• SWMU 49-006· Area 6 D D Cor D 

• SWMU 49-008 (a-d) Areas 5, 6,11, & 12 D D D 
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TABLE 111-2 

Exposure Limits for Significant Contaminants at the TA-49 QU. 

OSHA OSHA OSHA ACGIH ACGIH 
LOCATION CO NT AMINANTS CEILING PEL STEL TWA STEL 

ppm mglm3 ppm mglm3 ppm mglm3 ppm mglm3 ppm mglm3 

MDA AB And Areas 5,6,10,11,12 

• 
Lead --~-- 0.05 -- -- -- 0.15 -- --
Beryllium .- .... 0.002 -- -- -- 0.002 -- --
Uranium -- -- -- 0.02 -- . 0.02 -- 0.2 -- 0.6 

Areas 5, 10, 11, 12 • as above plus the following , 

PCBs -- -- -- 1.0 -- -- -- 1.0 -- --
HEs -- -- -- -- -- -- -- -- -- --
SVOCs .- -- -- -- -- -- -- -- -- --

• 
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TABLE 111-3 • RADIOLOGICAL PROPERTIES OF ENVIRONMENTALLY SIGNIFICANT 
RADIONUCLIDES AT THE TA-49 OU 

Major/Mode 
of Decay DAC Critical Radioactive Biological Monitoring 

Radionuclide (energy.MEV) Daughter «CilmL) Organ Half-Life Half-Life (yr) Instrument 

Plutonium-238 Alpha, U-234 3x10-12 Bone 86.4 200 Alpha 
(5.50; 5.46) . scintillometer 

FIDLER 

Plutonium-239 Alpha, U-235 2x10-12 Bone 2.44x104 200 Alpha 
(5.16; 5.11) scintillometer 

FIDLER 

Plutonium-240 Alpha, U-236 2x10-12 Bone 6580 200 Alpha 
(5.17; 5.12) scintillometer 

FIDLER 

Plutonium-241 Beta Am-241 Bone 13.2 200 GM 
(0.021 ) 

Plutonium-242 Alpha U-238 Bone 3.79x1 05 200 Alpha • i 

(4.90;4.86) scintillometer 

Amerk::iurn-241 Alpha Np-237 2x10-12 Bone 458 200 Alpha 
(5.49; 5.44) scintillometer 

Uranium-235 Alpha Th-231 Kidney 7.1x108 0.041 Alpha 
(4.40; 4.37) scintillometer 

Uranium-238 Alpha Th-234 Kidney 4.51x109 0.041 Alpha 
(4.15; 4.20) scintillometer 

Tritium Beta He-3 3x10-5 Total body 12.3 0.033 Liquid 
tissue scintillometer 

Cesium-137 Beta Ba-137 Total body 30.0 0.19 GM 
(0.512) 

Strontium-90 Beta Y-90 8x10-9 Bone 27.7 49 GM 
(0.546) 

DAC - derived air concentration (DOE draft Order 5480.11) 
Critical organ - that part of the body that is most susceptible to radiation damage under the specific conditions 
being considered. 
GM - Geiger-Muller detector • Half lives are from the Los Alamos Handbook of Radiation Monitoring (1970). 
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49-001 MDAAB Pu, Am, U, Pb, Be Surface sampling; LevelD 
drilling Level B or C 

49-002 Areas 10 Pu, Am, U, Pb, Be Surface sampling LevelD 

• and 12 .... 
en 

49-003 Area 11 PUt Am, Ut Pb, Be Surface sampling; Level 0 
drilling Level B orC 

49-004 Area 6 Pu, Am, U, Pb, Be Surface sampling; Level 0 
drilling Level D 

49-005 Areas 5 Pu, Am, U, Pb, Be Surface sampling; LevelD 
and 10 drilling LevelD 

49-006 Area 5 Pu, Am, U, Pb, Be Surface sampling; Level 0 
drilling 

49-008 Areas 5, 6, Pu, Am, U, Pb. Be Surface sampling LevelD 

i: 11 and 12 :t:-
11:1 ::J 
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3.1 Identification of Hazards and Risk Analysis 

The Site Safety Officer will monitor field conditions and personnel exposure to 
physical, chemical, biological, and radiological hazards. If a previously 
unidentified hazard is discovered, the Site Safety Officer will contact the Field 
Teams Manager and the H&S PL and address the hazard. A safety analysis will 
be performed on the hazard to identify the potential harm, the likelihood of 
occurrence, and measures to reduce the risk. The analysis will then be written 
and added to this plan in the form of an amendment. The amendment must be 
reviewed and approved by the H&S PL and OU PL and signed by appropriate 
field team leaders and field team members, showing that they have knowledge 
of the newly identified hazard. 

3.1.1 Physical Hazards 

Injuries occur most often from exposure to physical hazards. These injuries 
range from minor cuts and bruises to fatalities caused by serious unexpected 
events. The severity of these events may be controlled using sound inspection 
and monitoring practices. Therefore, this section is dedicated to outlining the 
potential physical hazards, as well as some preventive measures, for this RFI. 

Noise 

Constant exposure to noise may have an adverse affect on the ability of 

• 

personnel to hear and understand normal speech. Prior to 1979, the medical • 
profession had defined hearing impairment as an average hearing threshold 
level in excess of 25 decibels (dB) at 500, 1,000, 2,000, and 3,000 hertz (Hz). 
Therefore, limits have been established to prevent hearing loss in excess of this 
level. Some activities during the T A-49 RFI have the potential to exceed these 
levels (e.g., operation of drill rigs and and other heavy machinery). 

The following are standards established by ACGIH for noise exposure: 

Duration/day 
in hours 

16 
8 
4 
2 
1 

.5 

.25 

.125 

Sound level 
indBA 

80 
85 
90 
95 

100 
105 
110 
115 

Because decibels are logarithmic units, they cannot be added or subtracted. In 
fact, if the intensity of a noise is doubled, there will only be a corresponding 
increase of three decibels. The following are examples of some common noises 
and the associated levels: an average residence is approximately 50 dB, 
conversational speech is 60 dB, a very noisy restaurant is 80 dB, a subway is 
90 db, and a jet plane is 120 dB. • 

T A-49 Operable Unit RFI Work Plan 111-16 May 1992 



• 

• 

• 

Health and Safety Project Plan 

If a sound level meter is not available for monitoring noise, a simple test will 
identify levels above 85 db. If at an arms length (3 ft) normal conversation is not 
possible, engineering controls, administrative controls, or personnel protective 
equipment should be implemented. 

Pinch Points 

Pinch pOints are generally associated with activities utilizing tools or equipment 
with turning or moving parts such as a drill rig, backhoe, or even small hand 
tools. The moving parts may even be equipped with guards. If this is the case, 
periodic inspections must be performed to assure the guards have not been 
removed. The guards are generally removed by field personnel when it slows 
the progress of the operator or makes it difficult to use. When inspections show 
that guards have been removed, the tool or equipment should be tagged and 
not used until such time as the guard has been replaced. 

In larger equipment, hydraulics mechanisms and tools are encountered more 
often. Guarding of these hazardous areas is more difficult. Additionally, the 
severity of injury is much greater with hydraulics due to amount of force created 
with hydraulically driven machinery. Initial inspections become more important, 
identifying areas of concern and informing field team members of the potential 
hazards. The most efficient and comprehensive procedure for inspections is 
that they be performed by a competent person who has experience with that 
particular piece of machinery. Most equipment can be inspected in less than 30 
minutes using a check lis (see Attachment 111-1 of this Annex). The Site Safety 
Officer will obtain a check list before the start of field activities . 

OSHA requires that most equipment be inspected on a yearly basis. This 
inspection is generally conducted by the manufacturer, representative, or 
dealer. These inspections are to be documented and kept with the piece of 
equipment. This ensures that the equipment is properly maintained and free of 
any parts which could potentially become hazardous to the operator or 
bystanders. 

Slip, Trip, and Fall 

Injuries from slip, trip, and fall hazards are the most common around drill rigs, 
backhoe operations, and uneven terrain. These hazards occur due to either 
poor housekeeping, bad weather conditions, or the uneven terrain caused by 
soil excavation. Procedures may be developed to reduce the likelihood of slip, 
trip, and fall injuries. The Site Safety Officer will ensure that good housekeeping 
practices are followed. This includes the following: keeping tools stored in an 
accessible but out of the way place; keeping the work area free of soil piles to 
as great a degree as possible; reminding personnel to be aware of uneven 
terrain; keeping personnel at least 5 ft from the mesa edge; and marking trench 
and borehole boundaries. 

ExplosionIFire/Oxygen Deficiency 

Significant potential for flammable, or combustible, and oxygen deficient 
atmospheres is not antiCipated during drilling, trenching, and tank sampling at 
the TA-49 OU, with the exception of the possible entry of the experimental 
chamber in Area 10. 
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Any work with flammable materials will be done according to LANL • 
Administrative Requirement 6-5, Flammable and Combustible Liquids, and 
Technical Bulletins 601 (Flammable Liquids), 602 (Flammable Gases), 603 
(Solvents), 604 (Epoxies). The ER Program SOP, Health and Safety Monitoring 
of Combustible Gas Levels, also will be followed. 

As necessary, measurements of explosion potential will be made in enclosed 
spaces or in boreholes using a combustible gas indicator (CGI)/oxygen meter. If 
the CGI indicator shows concentrations greater than 20% of the LEL (lower 
explosive limit), activities in that area will cease. The work area will be 
evacuated and the appropriate safety measures will be implemented. Continued 
CGI readings will be made by the site safety officer to determine the appropriate 
time for return to the area. 

Oxygen levels will be measured in enclosed or confined spaces and in areas 
that are not ventilated frequently (e.g., low-lying areas). Air-purifying respirators 
will be worn when oxygen concentrations are below 19.5% and 21 %. If oxygen 
levels fall below 19.5%, the area must be evacuated or supplied air respirators 
must be furnished to personnel in these areas. 

Oxygen rich atmospheres create an increased potential for fires. Therefore, if 
levels exceed 25%, the area will also be evacuated. If an evacuation becomes 
necessary, the area will be ventilated, and the site safety officer will continue 
monitoring oxygen levels. The Site Safety Officer will determine when it is safe 
for personnel to return and resume work. 

Heat Stress 

Heat stress occurs when the body's physiological processes fail to maintain a 
normal body temperature because of excess heat. This failure is enhanced 
when impervious clothing is worn during hot summer months. The best cure for 
heat stress is prevention. Acclimation to heat is the most effective method, but 
drinking plenty of water, avoiding alcohol consumption, and frequent cooling 
breaks are also effective. When the body cooling system starts failing, a number 
of symptoms begin to occur. Heat stress monitoring will be performed according 
to ER Program SOP 02.06, Heat and Cold Stress and Natural Hazards. Listed 
below are the physical reactions that can occur, ranging from mild to fatal. 

Heat-Related Illness 

• 

• 

Heat Rash - caused by exposure to heat and humid air 
aggravated by changing clothes. Decreases the ability to 
tolerate heat and becomes a nuisance. If heat rashes occur, it 
is best to keep the area cool and dry . 

Heat Cramps - caused by profuse sweating with inadequate 
fluid intake and chemical replacement (especially salts and 
potassium). Signs: muscle spasms and pain in the extremities 
and abdomen. If heat cramps occur, it is best to drink plenty of 
fluids, (water is best), add slightly more salt to food, and 
replace potassium by eating bananas~ 

• Heat Exhaustion - caused by an increased heat stress to the. 
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• 

body and an inability of various organs to meet the increased 
demand to cool the body. Signs: shallow breathing; pallor; 
cool, moist skin; profuse sweating; dizziness; and lassitude. If 
heat exhaustion occurs it is best to get the person to a cool 
shady area (not in air conditioning) and allow the body to slowly 
cool and give plenty of fluids. Depending on the severity, one 
should wait a certain period of time before returning to the hot 
area. 

Heat Stroke - the most severe of the heat-related injuries 
occurs when the body's cooling system shuts down completely 
Signs: red, hot. dry skin; lack of perspiration; nausea; dizziness 
and confusion; strong rapid pulse; coma. The body must be 
cooled immediately and sent to the nearest hospital for 
immediate medical attention to prevent severe injury and/or 
death. 

Work Rest Schedule 

When working in protective clothing, the following guidelines for calculating 
work/rest schedules should be used. 

Calculate the adjusted temperature as follows: 

T(adjusted) = 

100% sunshine :: 
75% sunshine 
50% sunshine = 
25% sunshine 
0% sunshine = 

Adjusted Temperature 
75° or less 
80 
85 
90 
95 
100 
105 
110 

Cold Exposure 

T(actual) + (13 x sunshine fraction) 

no cloud cover 
25% cloud cove 
50% cloud cover 
75% cloud cover 
100% cloud cover 

= 
= 
= 
:: 

= 

1.00 
0.75 
0.50 
0.25 
0.00 

Active Work Time (min/hr) 
50 
45 
40 
35 
30 
20 
10 
o 

Persons working outdoors in temperatures at or below freezing can suffer from 
cold-related injuries. Exposure to extreme cold for a short periods of time can 
cause severe injury to the body surface or can result in profound generalized 
cooling (hypothermia). which can lead cause death in extreme cases. Body 
areas that have high surface area to volume ratios, such as fingers, toes, and 
ears, are the most susceptible . 
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Cold Stress Monitoring will be performed according to ER Program SOP 02.06, 
Heat and Cold Stress and Natural Hazards. 

Cold Related Illness 

• 

• 

• 

• 

Frost nip or incipient frostbite - characterized by a sudden 
whitening of the skin. If this occurs, warm hands slowly and get 
the victim into warm dry clothes. 

Superficial frostbite - causes skin to become very waxy or white 
and superficially firm but flexible underneath. If frostbite occurs, 
get the victim indoors and place the hands in warm 100-105°) 
water~ Do not rub the affected part. Get the victim to medical 
attention as soon as possible after the affected part has been 
warmed. 

Deep frostbite - characterized by cold, pale, solid skin tissue; 
also may be blistered. Blisters should not be popped, and 
victim should be warmed in the same manner as above. 

Systemic hypothermia - caused by exposure to freezing or 
rapidly dropping temperatures. Symptoms are usually exhibited 
in five stages: 1) shivering; 2) apathy, listlessness, sleepiness, 
and (sometimes) rapid cooling of the body to less than 95° F; 
3) unconsciousness, glassy stare, slow pulse, and slow 
respirations; 4) freezing of the extremities; and 5) death. Get 
the victim to a warm area as soon as possible and into warm 
dry clothing, and transfer to medical attention as soon as 
possible. 

The best cure for cold-related injuries is prevention, which includes dressing in 
warm, insulated garments. If the potential exists for getting wet, wear wool 
clothing; take frequent warming breaks. 

Electric Shock 

Personnel working at TA-49 have the potential for exposure to electrical shock 
during drilling, trenching, and sampling activities. The source of thiS! hazard may 
be from overhead and underground utilities, use of portable equipment, and 
digging and/or hand augering into underground utilities. Compliance with the 
following requirements will significantly reduce the chance of personnel 
exposure to electrical shock. 

1. Only qualified and licensed personnel will be allowed to operate 
drilling, trenching or sampling equipment. 

2. Heavy equipment and energized tools will be inspected by a 
competent person before use and will meet all applicable local, 
state, and federal sta.ndards. 

3. Installed overhead electrical power lines will conform to the 
table below. While in use, drill rigs will maintain a 35-ft 
minimum distance from overhead power lines. 

4. In transit, with the boom lowered, the closest approach to a 
power line will be 16 ft. 
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5. All areas to be drilled will be cleared through the LANL utilities 
manager before drilling activities begin. 

6. Any cord with the grounding stem removed will be taken out of 
service and repaired or thrown away. 

7. Ground fault interrupters will be used on all portable electrical 
equipment. 

3.1.2 Chemical Hazards 

Tables 111-1 through 111-4 list suspected hazards and health and safety related 
characteristics by location for the TA-49- OU. Also listed in the tables are the 
initial levels of required personal protection. Chemical hazards at the TA·49 OU 
include inhalation, ingestion, or dermal absorption of heavy metals and (much 
less iikely) PCBs, HEs, and other chemicals. If unexpected chemical 
contaminants are identified during the RFI, they will be added to the list of 
chemical contaminants of concern. The site safety officer will be responsible for 
adding chemicals to this table and for notifying field personnel as needed. 

The information provided in Tables 111-1 and 111-2 include the following: threshold 
limit value (TLV); immediately dangerous to life and health (IDLH) 
concentrations; exposure symptoms; ionization potential and relative response 
factor for commonly used instruments (note: this should be re-evaluated when 
the particular instrument is selected); and the best instrument for screening. The 
TLV (ACGIH) refers to a concentration of a chemical in which nearly all 
personnel may work for 40 hours/week over a lifetime without suffering any 
adverse health affects. Permissible exposure limits (PEL) are regulated 
standards by OSHA and are very similar to TLVs. The IDLH concentration is a 
concentration at which nearly all workers may be exposed for 30 minutes 
without suffering any irreversible health effects or escape impairing symptoms. 
The ionization potential is a characteristic of chemicals and is used in 
photoionization detectors to determine if the instrument may see the compound. 
The relative response factor reflects the percentage of the compound that an 
instrument will see. There are relative response factors for both photoionization 
and flame ionization detectors. The Site Safety Officer will be responsible for 
having available a general reference (e.g., NIOSH publications) with chemical 
specific information for compounds that are discovered during the RFI. 

3.1.3. "Radiological Hazards 

Radionuclides that are known to be present in significant amounts at the T A-49 
OU include 238pu, 239/240pu, 235/238U, and 241Am. Tritium, 137Cs, 90Sr and 
other fission products are present in much smaller amounts. Table 111-3 
summarizes health and safety information for these radionuclides. 

There are three principal pathways whereby individuals may be exposed to 
radioactivity during field investigations at T A-49: 
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• inhalation or ingestion of radionuclide particulates; 

• dermal absorption of radionuclide particulates thro~gh wounds; 
and 

• exposure to direct radiation from contaminated materials. 

Soils will be screened in accordance with the ER SOP 02.10, Radiation 
Protection. If new radionuclides are discovered at the TA-49 OU, they will be 
added to the list for the OU. The Site Safety Officer will be responsible for 
adding for notifying field personnel as needed. 

3.1.4 Biological Hazards 

Biological hazards will likely be encountered in some of the areas of TA-49. 
Mosquitoes, ticks, spiders, and rodents, including mice and rats, are likely be 
encountered. In addition, rattlesnakes may be encountered, especially near 
brushy or rocky areas and near structures and debris. Workers who regularly 
walk through such areas should wear high-top boots or snake leggings and 
have the grass mowed (where appropriate) to control rodents and snakes. 

If snake bite occurs, the Emergency Medical System (EMS) should be notified 
immediately. The only first aid treatment that should be administered is an ice or 
a cold pack placed just above the affected area to slow blood now. The victim's 
heart rate should be kept as slow as possible by remaining as still and calm as 
possible. If workers are bitten by insects, first aid creams may be applied by the 
Site Safety Officer to ease the symptoms caused by the bite. If personnel are 
bitten by a rodent, attempts should be made to obtain the animal, and medical 
assistance should be sought as soon as possible. 

3.1.5 AT-9 microwave experiments 

The microwave group, AT-9, operates a test range (see Chapter 3 of this OU 
work plan) near Area 12 of TA-49 where experiments are conducted on a 
regular basis. While most of these experiments are not hazardous, AT-9 does 
occasionally seal off the area to limit access to the test range. Since the 
experiments vary, the safety requirements for each experiment do as well. The 
TA-49 OU Site Safety Officer will coordinate with AT-9 as to the safety 
precautions that need to be taken on a case by case basis. 

3;1.6 Hazardous Devices Team 

The HDT uses a small area at the HDT Training Facility at TA-49 (see Chapter 
3 of this OU work plan) where explosives training exercises and disposal of 
explosives and potential bombs are conducted. When the team conducts an 
exercise, the road leading to the site is sealed off and in some instances other 
portions of TA-49 are cleared. The TA-49 safety officer will coordinate with the 
HDT safety officer about firing schedules and make arrangements for 
appropriate routine and emergency procedures at the site. 
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3.1.7 M-Division Testing 

TA-49 acts as a buffer zone for M-division experiments involving high 
explosives at the adjacent PHERMEX firing site and other firing sites at TA-15. 
Due to the proximity of PHERMEX to TA-49, it is possible that workers at the 
site could be exposed to shrapnel and excessive noise associated with these 
experiments. Whether personnel need to be evacuated from TA-49 depends on 
the size of the experiment. M-Division has strict standard operating procedures 
for the notification and evacuation of personnel. Hazard circles associated with 
different size experiments are shown in a Figure in Appendix B. 

Plan D at PHERMEX includes within the hazard circle a small part of the 
northeast section of TA-49 and part of the access road from T A-49 into Water 
Canyon. Plan E at PHERMEX includes about one-half of TA-49 and all of the 
access road. Plan D and E experiments are very large shots which are 
conducted very infrequently. 

On the workday before all Plan D and E experiments, the M-4 Clearance 
controller will notify either OM-1 or EM-DO. On test day, at least thirty minutes 
before the test, the Clearance Controller will confirm with the TA-49 OU Site 
Safety Officer that clearance of the area has been completed. After the test, M-
4 will notify OM-1 and the Site Safety Officer that it is "all clear." If delays are 
expected to last thirty minutes or more, the M-4 Clearance Controller will notify 
OM-1 and the Site Safety Officer and will advise if clearance of TA-49 needs to 
be maintained . 

3.1.8 Traffic 

Traffic control will be maintained in and around the job site at all times to avoid 
personnel infuries and prevent equipment damage. Work areas regularly 
occupied by pedestrians will be delineated so that vehicle equipment operators 
will not encounter them. Delineation will be accomplished using barricades, 
warning signs, warning lights, traffic cones, and so forth. 

If work takes place in or near heavy traffic areas, these areas will be 
appropriately marked with the aforementioned devices as necessary to protect 
personnel. Personnel will wear fluorescent orange and/or reflective clothing, 
vests, and so forth when working in and around traffic areas. 

Sufficient parking will be provided. Vehicles not being actively used will be 
parked so that they do not interfere with traffic. When a vehicle is being 
maneuvered in a confined area with limited visibility, personnel positioned 
outside the vehicle will give assistance to the operator. 

Pedestrian and civilian traffic have the right-of-way on site. Personnel on foot 
will be careful when around heavy equipment and when walking near roads. 
Ground personnel should always make eye contact and wait for a signal to 
proceed before passing close to or in front of operating equipment or moving 
vehicles . 
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All drivers and operators will adhere to speed limits, signs, and road markings. 
Equipment operators and ground personnel will be especially careful when air
line respirators are in use because of the potential for injury if an air line were 
to become tangled in the track or wheel of a vehicle or equipment. Under no 
circumstances will breathing air systems supplying air to the respirators of 
ground employees be attached to vehicles or equipment. 

3.1.9 Topography 

To reduce hazards associated with topography, the Site Safety Officer will 
inspect each site for potential hazards. Some of these hazards can be 
alleviated, such as removing any obstacles in immediate work areas, clearing 
icy surfaces, and placing tools in an accessible but protected area. Boundaries 
surrounding excavations, trenches, and boreholes will be marked. In general 
field team members conducting site activities near the edge of a mesa will not 
be permitted to work closer to the edge than 5 ft. Barrier tape will be used to 
designate this restricted area. All field team members will be informed of the 
potentially hazardous locations as well as of the controls. Field team members 
also will be expected to observe good housekeeping practices for the duration 
of the work in each area. 

3.1.10 Lightning 

• 

Lightning usually strikes the tallest object in an area and takes the least • 
conductive route to ground. Buildings or vehicles provide better protection than 
being in the open. A large building with a metal structure is the safest because 
electric current will run along the outside metal frame and into the ground. An 
automobile with a metal roof serves the same purpose; however, convertibles or 
fabric-topped cars are not safe because lightning can bum through the fabric; 

Wood or brick buildings that are not protected by lightning rods have high 
potential for a strike which travels down natural conductors such as wiring or 
pipes. Any contact with an undergrounded conductor can be dangerous. 
Telephones, faucets, electrical equipment, and metal fences are examples of 
ungrounded conductors. 

A person in the open during a lightning storm should crouch to avoid being the 
tallest object. A tingling sensation or hair standing on end signal that lightning is 
about to strike and that a crouching position must be assumed immediately. The. 
safest crouching position is to place the hands on the knees and to keep the 
knees and feet together while remaining as low as possible. Stretching out flat 
on damp soil could cause the body to attract current running into the ground 
from a nearby tree. Keeping feet and knees spread or placing the hands on the 
ground could complete a circuit and cause high-voltage current to run 
throughout the body. 

A grove of trees affords more protection than remaining in the open or taking 
shelter under a single tree. Lower ground is also safer; however, ditches and 
ravines in sizable drainage areas present the danger of being carried away by • 
flood waters. 
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Side strikes injure more people than direct strikes. Side strikes are caused 
when electric current jumps from its present conductor to a more effective 
conductor. Since the human body is a better conductor than a tree trunk; a 
person should stay 6 ft from a tree to avoid a side strike. A group of people 
taking shelter under a grove of trees should stand 6 ft apart to avoid side strikes 
from one person to another. 

The force of electrical current temporarily disrupts the nervous system. 
Therefore, even if breathing and heartbeat have stopped, a lightning victim may 
not be dead. Many victims can be revived by artificial respiration and CPR. 
Once the lightning flash is over, current is no longer running through the body 
and it is safe to touch a lightning victim. Even a victim who seems only slightly 
stunned should receive immediate medical attention because internal organs 
may be damaged. 

3.2. Task-by-task Risk Analysis 

According to OSHA 1910.120, a task-by-task risk analysis is required. These 
tasks are related to specific operations or activities in the field investigation. The 
preceding section identifies the physical, chemical, radiological, and biological 
hazards known or suspected to be present at the TA-49 OU. This section is 
designed to discuss many of the proposed tasks and identity which of the 
hazards apply and estimate the likelihood of exposure. Sections 3.3, 3.4, and 
3.5 of this Annex identity methods for eliminating or reducing the potential 
exposure to the hazards associated with these tasks . 

Task: Drilling 

Potential for Exposure: High 

Associated Hazards: In drilling, there is a possibility for serious physical injury. 
The injuries may range from bruised and cut fingers to death. Working around a 
drill rig allows for entanglement and pinch paints in many parts of the rig. These 
injuries are generally minor but have the potential for amputating fingers. Other 
severe injuries may occur from failure of wire rope under extreme stress. If the 
rope breaks under high tension, it will act as a whip, which could decapitate 
workers in the area. 

Chemical and radiological hazards also are created when drilling disturbs or 
penetrates a contaminated soil. 

Task: Hand Augering 

Potential for Exposure: Moderate 

Associated Hazards: The hazards for hand augering are similar to those of 
drilling. The potential for contact with contaminated soils is enhanced, and this 
operation will have a tendency to stir up dust. Powered hand augers still present 
hazards of operator entanglement and pinch points but to a lesser degree. With 
a nonpowered hand auger, the probability of physical injury is reduced greatly . 
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Task: Trenching 

Potential for Exposure: High 

Associated Hazards: The main physical hazards associated with trenching 
operations derive from the use of heavy equipment and the potential for 
cave-ins. Operators of heavy equipment are trained to be aware of personnel 
around the area. However, operators can be distracted or lose concentration. 
Therefore, personnel must be alert while backhoes are operating. Cave-ins 
occur when the wall of the excavation cannot bear the load and collapse. Cave
ins can occur in trenches of all depths, but this hazard can be reduced 
substantially by limiting trench depths to 5 ft or less. Physical injuries, as a 
result of cave-ins, range in severity with the most severe being death. 

Chemical/radiological hazards may be encountered while trenching is in 
progress and the most concentrated personnel exposure may occur from the 
resuspension of contaminated dust. Air monitoring at this time is critical. In 
contrast, the accumulation of organic vapors inside the trench will most likely 
occur after the trench has been completed, but this is not expected to be 
significant at the TA-49 OU due to the lack of significant organic contamination. 

3.3 Engineering Controls 

OSHA regulations state that when possible, engineering controls should be 

• 

utilized as the first line of defense for protecting workers from hazards. • 
Engineering controls are mechanical means for reducing the hazard to workers, 
such as the guarding of moving parts on machinery and tools or utilizing a 
ventilation hood in a lab to remove contaminant vapors. Unfortunately, 
engineering controls are not as easily accomplished in an uncontrollable 
environment, such as outdoors. However, the following are some possibilities 
that can be utilized while working in the field. 

3.3.1. Engineering Controls For Airborne Dust 

Airborne dust can be a hazard in two situations: 1) nuisance dust for which 
standards have been established at 10 mg/m3; and 2) attachment of 
radionuciides and/or hazardous substances to soil particles. In either case, 
engineering controls may have limited use when airborne dust becomes a 
hazard. 

During drilling or any other activity where localized dust is being generated, a 
small garden sprayer of water may be used to wet the soil enough to suppress 
the dust. Although this technique can be effective in some cases, sprayers do 
not discharge a large amount of water and spraying must be repeated often to 
maintain effectiveness. 

Where there are high winds in a large, dusty area with little or no vegetation, 
small quantities of water are not effective. In this instance, a water truck may be 
used to wet the area enough to suppress the dust. This also will require • 
frequently repeated applications to be effective. 
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3.3.2. Engineering Controls For Airborne Volatiles 

Drilling and trenching activities may produce gases, fumes or mists. These may 
be easily inhaled or ingested by workers with no protection. Engineering 
controls may be implemented to reduce the exposure to these hazards. Wind 
can remove toxic vapors from the work area with careful positioning of 
equipment, such as a drill rig. For example, a rig might be positioned so that the 
prevailing wind blows towards the side of the rig. This allows the vapors to be 
blown away from personnel behind the rig and prevents the vapors from 
collecting under the rig, and allows for an upwind approach of workers not 
performing duties directly related to the drilling. 

Another method is the use of ventilation by mechanical means, which may not 
be as effective as wind in open areas, but generally is more practical in closed 
or confined spaces. Fans may be used to remove vapors or even to supplement 
a gusting wind. The most effective use of ventilation using mechanical 
eqUipment is for sampling tanks or performing confined space work. The fan or 
other mechanical device may be attached to a large hose to either push, or 
more effectively pull, the contaminant from the confined space. Each has its 
advantages. Pulling the air from the space is more effective at removing the 
vapors, whereas forcing air into the confined area provides for better assurance 
of acceptable oxygen levels from ambient air. This procedure has been used 
effectively by fire departments, who may be consulted for information on the 
most effective method for each situation. 

• 3.3.3 Engineering Controls For Noise 

• 

Engineering controls for noise are difficult to implement in uncontrolled 
environments. Drilling and trenching is likely to produce the highest range of 
noise levels. Fortunately, noise produced from drilling is generated by the 
engine itself. On most rigs, the highest range of noise is encountered on the 
side of the rig, while drillers perform a majority of their work behind the rig. This 
is because the front and rear of the rig's engine often are covered, whereas the 
sides are left open to allow cooling of the engine. If noise levels reach 90 dB, 
additional barriers should be utilized, if possible, to reduce excessive noise 
exposure. 

3.3.4. Engineering Controls For Trenching 

Trenching often presents field personnel with hazards associated with slip, trip, 
fall, and crushing type hazards. In most cases, entry into an excavation deeper 
than 5 ft is avoided whenever possible. However, it is sometimes necessary to 
enter these trenches to obtain the needed information. OSHA has developed 
regulations for trenches and excavations. Included in the regulations are 
engineering controls for the prevention of cave-ins. These controls include the 
addition of shoring, sloping, and benching to the excavation. Benching is a 
systematic series of steps dug around the excavation at a specified angle of 
repose. The angle of repose is based on the type of soil present. Sloping is a 
similar system of stabilizing soil but is performed without the steps. Again the 
angle of repose is determined by the type of soil. This method is generally used 
for medium-sized excavations, such as a tank removal. In general, neither of 
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these soil stabilization methods are convenient techniques for exploratory • 
trenches. The last method that OSHA suggests is shoring. Shoring is available 
in many different varieties, but the basic theory is the same. The sides of the 
excavation are supported by some type of wall that is braced to prevent cave-
ins. This method is used most often in deep, narrow trenches for installing water 
pipe or drainage systems and exploratory trenching. One drawback to utilizing 
shoring is that it is expensive and time-consuming, especially for a trench that is 
only scheduled to be open for 1 or 2 days. Administrative controls and 
personnel protective systems are more desirable and realistic for the RFI work 
plan at T A-49. 

3.3.5 Engineering Controls For Drilling 

Working with and around drill rigs presents workers with many hazards, due to 
the number of moving parts and the power associated with the equipment. 
Engineering controls for drilling operations include the installation of guarding 
where possible to prevent crushing injuries and, more importantly, an inspection 
program to insure replacement of worn or broken parts. As stated earlier, this 
should be performed at the beginning of the job and on a regular basis during 
the project. 

3.4 Administrative Controls 

Administrative controls are necessary when hazards are present and • 
engineering controls are not feasible. Administrative controls are a method for 
controlling the degree to which personnel are exposed to a hazard. Examples 
include the amount of time a worker spends in a hazardous area or the distance 
to a hazardous area. Such controls can be instituted easily in most cases and 
are effective measures in decreasing personnel exposure. 

3.4.1 Administrative Controls For Airborne Chemical and Radiological 
Hazards 

Chemical and ~diological hazards are to be monitored during the performance 
of duties in the contaminated zone. If concentration of radionuclides or toxic 
materials exceeds the limits established in this plan, personnel may be removed 
from the area until natural or mechanical ventilation brings the levels to 
background. This method would prevent the necessity of using personnel 
protective equipment. In addition, personnel should enter the contaminated 
zone only when required. This method complies with DOE's policy of 
maintaining exposures As Low As Reasonably Achievable (ALARA). 

Because the exposure limits consider the average amount of exposure during 
an 8-hr day, personnel exposed at a higher concentration for a portion of the 
day may conduct tasks in an uncontaminated area to lower the average for the 
day. For chemical contaminants, those higher concentrations must be lower 
than the Immediately Dangerous to Life and Health (IDLH) concentration and 
the TL V Ceiling limits. • 

TA-49 Operable Unit RFI Work Plan III· 28 May 1992 



• 

• 

• 

Health and Safety Project Plan 

3.4.2. Administrative Controls for Noise 

Administrative controls for noise include both time and distance. The principle is 
very much like the controls used for both airborne chemical and radiological 
hazards. In Section 3.1.1 of this Annex, noise is discussed, and guidelines on 
administrative controls established by ACGIH are listed in a table. The basic 
idea is to increase the distance between the noise and the worker or decrease 
the time spent at the source. Sound pressure or intensity follows the inverse 
square law where, as the distance from the source increases, the sound level 
decreases as the square of the distance. For example, if sound levels at 10ft 
from the source are 100 dB and the distance (20 ft) from the source is doubled, 
the sound level drops to 94 dB; at 30 ft, or triple the distance to the source, the 
sound level drops to 90 dB. 

If reduction of exposure time or distance is not possible, personnel protective 
equipment must be donned to protect workers. 

3.4.3. Administrative Controls for Trenching 

Administrative controls are the most effective methods for reducing the hazards 
of trench investigations which may be proposed for the T A-49 RFI. These 
administrative controls were established by OSHA during the development of 
the regulations. The basic philosophy behind the administrative controls for 
trenching is not to create a hazardous condition to begin with. Trenches less 
than 5 ft deep do not require protective systems (sloping, benching, or shoring) . 
All trenches should be excavated to a depth less than 5 ft, where possible. 
However, monitoring inside the trench and means of egress (every 25 ft) must 
be implemented at a depth of 4 ft. Soil piles, tools, and other debris must be 
stored at least 2 ft from the edge of the excavation-. All excavations must be 
marked when the area is not occupied to restrict access. 

Even though standard procedures are followed, accidents may still occur due to 
human error or other circumstances. A backhoe operator may not see or know if 
there are workers in the trench. Therefore, any time there are personnel in the 
trench the operator must shut down the equipment until the excavation has 
been evacuated. Inspections should be made by a competent person before 
any field team member is allowed to enter the excavation. Additionally, 
personnel are required to be aware of conditions inside the trench as well as the 
activities going on outside the excavation. 

3.4.4 Administrative Controls for Working Near the Mesa Edge 

Slip, trip, and fall hazards exist around the mesa edge. These hazards may be 
avoided by good housekeeping around work area nears the edge of the mesa. 
Additionally, personnel working should not get closer than 5 1t to the edge 
unless close approach is really required. If necessary, bannerguard will be used 
to delineate this restricted area . 
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3.5 Personnel Protective Equipment and Systems 

In the event that engineering and administrative controls are not suitable, 
personnel protective equipment should be used as a last line of defense against 
hazards. This equipment may be used alone or as a supplement to existing 
safety systems and to enhance the degree of safety for workers. Personnel 
protective equipment is a garment or apparatus that is worn by field team 
members to protect them from a certain type or group of hazards. Some 
examples of personal protective equipment are, TYVEK, hard hat, gloves, 
safety harness, respirator, etc. The maintenance, inspection, procedures and 
training for personal protective equipment usage will follow the H&S Program of 
the organization that implements this plan. The following sections discuss the 
protective equipment or systems to be used in certain situations. 

3.5.1 Protection Levels and Protective Clothing 

The U.S. EPA has established four levels of protection for workers entering 
potentially hazardous sites. At many of the SWMUs at the TA-49 au, the 
contaminants have been identified. Therefore, an assessment of personal 
protective levels has been made based on each of the contaminants, 
investigation activities, and the areas to be investigated (see Table 111-1). Action 
levels for upgrades in levels of protection are based on those factors and are 
given in Section 3.5.2, Action Levels for Upgrade in Protection. 

• 

The majority of site characterization will begin in modified level D protection. In • 
certain cases, Levels B or C may be prescribed due to the amount or toxicity of 
the contaminants present. Personnel entering contaminated zones are required 
to meet the level of protection designated for that area. The levels of protection 
and the minimum equipment allowed for each of the levels of protection are as 
follows: 

Level A Protection will include the following: 

• 

• 
• 
• 

• 

• 
• 

a full face, positive pressure, self-contained breathing 
apparatus (MSHNNIOSH-approved); 

fully encapsulating chemical-resistant suit; 

inner glove (pvc, latex, or nitrile); 

rubber outer gloves providing an effective barrier between the 
wearer and contamination; 

steel-toed safety boots made of rubber or leather when 
disposable boot covers are donned; 

two-way radio communications; and 

hard hat, safety glasses, and hearing protection as needed. 
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Level B Protection will include the following: 

• a full face, positive pressure, self-contained breathing 
apparatus (MSHNNIOSH-approved); 

• chemical-resistant disposable clothing suitable for protection 
against the hazards of concern; 

• inner glove (pvc, latex, or nitrile); 

• rubber outer gloves providing an effective barrier between the 
wearer and contamination; 

• 

• 

steel-toed safety boots made of rubber or leather when 
disposable boot covers are donned; and 

hard hat, safety glasses, and hearing protection as needed. 

Level C protection will include the following: 

• 

• 

• 

full face, air purifying respirator (MSHNNIOSH-approved) with 
cartridges or canisters capable of filtering contaminants of 
concern; 

contaminant-resistant clothing suitable for protection against 
the hazards of concern; 

inner glove (pvc, latex, or nitrile); 

• rubber outer gloves providing an effective barrier between the 
wearer and contamination; 

• 

• 

steel-toed safety boots made of rubber or leather when 
disposable boot covers are donned; and 

hard hat, safety glasses, and hearing protection as needed. 

Modified Level D protection will include the following: 

• 
• 

• 

• 

cloth or TYVEK coveralls, or work uniform; 

rubber or leather outer gloves providing the best protection for 
the activity being performed; 

steel-toed safety boots and optional boot covers as needed; 
and 

hard hat, safety glasses, and hearing protection as needed. 

The field team leaders are required to provide this equipment to each of their 
field team members. 

TA-49 RFI activities will be conducted according to LANL Administrative 
Requirement 12-1, Personal Protective Equipment; and LANL Technical 
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Bulletins 1201, Eye and Face Protection; 1202, Protective Clothing; and 1203, 
Respiratory Protective Equipment. 

3.5.2 Action Levels for Upgrade in Protection 

Monitoring instruments are to be used in conjunction with lab analysis to 
establish the exposure levels of field team members. These instruments will 
monitor for radiation, volatile organics, corrosives, flammable vapors, and 
particulates. Action levels will be established based on the results obtained 
during SWMU-specific monitoring. In some instances, laboratory screening and 
analysis with quick turn around will be necessary to determine the actual level 
of the specific chemical contaminant in air. For instance, there are no direct 
reading instruments for PCBs, but there is a real time aerosol monitor (RAM) 
that determines the amount of respirable dust present in the breathing zone. 
PCB soil concentrations from laboratory analyses thus can be used to calculate 
the total PCB concentration in air, based on a total particulate reading from the 
RAM. 

Results of the calculations will be confirmed with air sampling. Air sampling 
during the TA-49 RFI will be used predominantly for determining alpha 
contamination in air. The organization selected to implement the monitoring will 
supply the method of maintenance and calibration for the specific instruments to 
be used. 

The monitoring instruments t6 be used during this investigation are as follows: 

Photoionization Detector (PID) and Flame Ionization Detectors (FlO) 

Photoionization and flame ionization detectors are used to monitor total organic 
vapors. A description of these detectors may be found in Section 9.3 of Annex 
III (H&S Plan) of the IWP. 

Combustible Gas Indicator (CGI) 

A CGI is used to monitor the concentration of flammable gases and vapors. A 
description of the CGI may be found in Section 9.3 of Annex III (H&S Plan) of 
the IWP. 

Oxygen Meter 

Portable oxygen meters are used to measure ambient oxygen concentrations in 
confined spaces or areas. A description of the oxygen meter may be found in 
Section 9.3 of Annex III (H&S Plan) of the IWP. 

Real Time Aerosol Monitor 

Real time aerosol monitors are designed to monitor respirable particulates «10 
microns). These instruments measure reflected light, which is converted to units 

of mg/m3. These measurements are useful if there are known concentrations in 

• 

• 

soil of alpha contaminants, particulates, metals, and PCBs. Soil samples will be • 
submitted for the laboratory analysis, and the results will be used to determine 
action levels for the contaminants that are present. 
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Colorimetric Indicator Tubes 

Colorimetric indicator tubes may be used to quickly measure the approximate 
concentrations of specific vapors or gases. A description of colorimetric 
indicators is found in Section 9.3 of Annex III (H&S Plan)of the IWP. 

High- and Low-Volume Air Samplers 

High- and low-volume air samplers are used to collect particulates on a filter 
that is analyzed subsequently to determine the types and concentrations of 
airborne contaminants (e.g., alpha contamination). A description of air samplers 
is found in Section 9.3 of Annex III (H&S Plan) of the IWP. 

Radiation Survey Meters 

A variety of radiation survey meters will be used in the TA-49 RFI to determine 
the levels to which workers are exposed to radiation. Alpha scintillometers will 
be used to screen cores and personnel leaving the contaminated zone. A I1R 
meter or a Gieger-Muller tube detector will be used to establish gamma 
exposure to field team members. In addition, Thermoluminescent Dosimeters 
(TLDs) will be worn by all workers while at TA-49 SWMUs. 

Action Levels 

The following guidelines are to be used at SWMU locations of the TA-49 OU. 
ER Program SOPs describe measuring procedures and frequency of 
monitoring. 

Organics 

Organic contaminant levels at T A·49 SWMUs have been estimated from the 
historical information gathered during the preparation of this plan. In general, 
organic contaminants are expected to be at or near background levels. If field 
monitoring or laboratory analysis proves this conclusion to be unfounded, 
appropriate guidelines will be instituted to ensure health and safety of workers. 

Combustible Vapors 

As appropriate, the CGI will be used to monitor for combustible atmospheres 
during drilling and trenching. One-minute readings will be used for boreholes 
and trenches to give the instruments time to equilibrate. At 20% of the LEL. 
personnel will be evacuated and engineering controls will be utilized to reduce 
the concentration of combustible vapors. Personnel may resume work when 
levels drop below 10% of the LEL. 

Particulates, Metals, PCBs, and Alpha Contamination 

As appropriate, real-time aerosol monitors will be used in conjunction with 
laboratory data to determine the concentrations of contaminants in air. Samples 
will be obtained to determine the amount of contaminants in soil and an action 
level will be calculated for that particular work area . 
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3.5.3 Safety Systems and Equipment 

A variety of safety equipment will be used to protect personnel from phYSical 
hazards and to minimize exposure to hazardous chemicals and radionuclides 
during field activities at TA-49. 

Hearing protection - If noise levels are above 85 dB and both engineering and 
administrative controls are not practical, hearing protection will be required. 
There are two basic types of hearing protection that are available: 1) 
disposable and reusable ear plugs, and 2) ear muffs. Ear plugs may reduce 
noise levels 25-30 dB and ear muffs 35-40 db if worn properly. Product 
information for specific protective devices wilt be used to determine the effective 
noise reduction rating. 

Trench protection - Trench boxes and trench shields have been developed for 
trench operations where shoring, benching, and sloping are not feasible. A 
trench box or shield is a box constructed from a strong metal or wood wide 
enough for workers to move about inside and perform their duties. OSHA 
regulations specify criteria for the trench box to be considered safe. The trench 
box is placed in the trench and attached to a backhoe so that it may be pulled 
along as the work progresses. This type of system is used often in the 
installation of water systems. The walls of the trench may not be viewed from 
the box, and protection is voided when workers leave the box. 

Fire Protection - Fire extinguishers are classed by the type of fire it is designed 
to extinguish, but may be effective for more than one class of fire. 

Class A - ordinary combustible materials (wood, paper, and textiles) 

Class B - flammable liquids (oil, grease, and paint) 

Class C - electrical fires 

Class D - metals capable of rapid oxidation (magnesium, sodium, zinc, 
aluminum, uranium, and zirconium) 

Other Safety Equipment - In addition to the personnel protective devices 
described above, other safety equipment may be used as needed. LANL 
Administrative Requirement 12-2, Seatbelts, will be followed. Warming and 
cooling equipment may be necessary to minimize stress from climatic 
conditions. Emergency equipment will also be necessary for immediate 
response and emergency treatment. Additionally, the location of such 
equipment must be clearly marked and personnel should know the location and 
be trained in its use. . 

3.5.4 General Safety Practices and Mitigation Measures 

• 

• 

Some hazards can be minimized by implementing specific safety procedures, 
work practices, special equipment, training of personnel, and emergency 
response equipment in case of an accident. Section 9.4 of Annex III (H&S Plan) 
of the IWP discusses some of these practices. The following routine measures • 
will be taken: 
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3.6 

3.6.1 

Daily planning and/or pre-activity meetings will be held for all 
personnel involved in field activities. These meetings will 
discuss health and safety concerns and refresh personnel on 
the emergency response plans. 

Workers will shower as soon as possible after field work. 

Control zones will be established according to the field activity 
and level of protection at each area of the au, and will be 
specified in the form of maps in site-specific plans prior to the 
initiation of field work at each area. The plans will include the 
locations of administrative and medical support. Control zones 
will be established for safety as well as contamination control 
and decontamination procedures. 

If troublesome levels of dust are generated during augering or 
drilling activities, water may be used to suppress dust for the 
protection of field personnel. 

The buddy system will be employed as a general practice. 

Site-access Control 

Restricted-Access and Exclusion Zones 

Restricted-access or exclusion zones will be established before work begins at 
contaminated sites to protect workers from unnecessary exposure to toxic 
materials and to prevent the spread of contamination. A general description of 
exclusion zones is found in Section 7.0 of Annex III (H&S Plan) of the IWP. 

3.6.2 Decontamination 

Personnel, equipment. and vehicles that have been in contaminated areas may 
carry residual contamination. Although protective clothing, respirators, and good 
work practices can help reduce contamination, decontamination may be 
necessary to prevent exposure of personnel and the inadvertent spread of 
contaminants. 

Vehicles and equipment that are suspected of being contaminated will be 
cleaned with high pressure steam or equally effective systems. Vehicles and 
equipment suspected of being contaminated with alpha contamination will be. 
screened with alpha survey instruments before being released from the site. 

Personnel decontamination can be performed in all levels of protection. 
Disposable protective equipment need not be decontaminated but should be 
disposed of as a hazardous waste. Reusable protective equipment must be 
decontaminated using a soap and water wash and two successive rinses. 
Visual inspections of the equipment will help determine the effectiveness of the 
decontamination process. As with the eqUipment, personnel will be screened 
with an alpha scintillometer when working with or near alpha contaminated 
material. ER Program saps, established to guide the decontamination process, 
will be maintained onsite and will be followed at all times. Personnel 
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decontamination procedures are specified in ER SOP 02.08, Personnel 
Decontamination. Equipment decontamination will follow ER SOP 02.07, 
General Equipment Decontamination. LANL Administrative Requirements for 
Waste Management are 10.1, Radioactive Liquid Waste; 10.2, Low-Level 
Radioactive Solid Waste; 10.3, Chemical, Hazardous and Mixed Waste; 10.4, 
Polychlorinated Biphenyls; and 10.5, Transuranic Solid Waste. 

In addition to the following list, Section 10.0 of Annex 1111 (H&S Plan) of the IWP 
contains information on decontamination: 

1. The level of decontamination required will depend on the nature 
and magnitude of contamination and the type of protective 
clothing worn. Disposable clothing (Le., TYVEK) will not be 
washed because water may transport contamination through 
the paper garment to the skin. 

2. Waste water and materials used during decontamination will be 
contained for appropriate disposal. Arrangements will be made 
with LANL for acquisition and disposal of drums containing 
soapy water, rinse water, methanol, and trash. 

3.7 Worker Training 

• 

Worker training will follow the requirements set forth in Section 11.0 of Annex III 
(H&S Plan) of the IWP. Field personnel will be given copies of all relevant 
SOPs and will be briefed on their uses. Field personnel also will read this OU • 
Health and Safety Plan and Annex III (H&S Plan) of the IWP. 

3.8 Employee Medical Program 

In addition to the guidance provided in Section 12.0 of Annex III (H&S Plan) of 
the IWP, the following paragraph details specific program requirements. 

Field team members who are exposed to contaminated materials during ER 
remedial investigations shall participate in a medical examination program 
provided by the Laboratory according to 29 CFR Part 1910 or DOE Order 
5480.1 B (Chapter VIII) Requirements. Suitability of field team members for 
conducting field sampling activities, including respirator use, shall be evaluated 
and documented by a physician. Medical programs must comply with the 
requirements of DOE Order 5480.1 B Chapter VIII or 29 CFR Part 1910, as 
appropriate. LANL Administrative Requirements 2-1, Occupational Medicine 
Program, 3-6, Biological Monitoring for Radioactive Materials; 6-4, Biological 
Monitoring for Hazardous Materials; and LANL Technical Bulletin 606, 
Biological Sample Monitoring, shall be followed. 

3.9 Records and Reporting Requirements 

The ER H&S PL, working with the OU PL, Site Safety Officer, and Field Teams 
Manager, will ensure that health and safety records are maintained within the • 
appropriate LANL group as required by DOE orders. The reports are as follows: 
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• 
• 

• 

• 

• 

• 

• 

• 

• 

• 

DOE-AL Order 5000.3A, Unusual Occurrence Reporting 

DOE Form 5484.3, Supplementary Record of Occupational 
Injuries and Illnesses, Attachment 1. 

DOE Form 5484.4, Tabulation of Property Damage Experience, 
Attachment 2. 

DOE Form 5485.5, Report of Property Damage or Loss, 
Attachment 4. 

DOE Form 5484.6, Annual Summary of Whole Body Exposures 
to Ionizing Radiation, Attachment 13. 

DOE Form 5484.1, Summary of Exposures Resulting in Internal 
Body DepOSitions of Radioactive Materials for CY 19 __ , 
Attachment 14. 

DOE Form 5484.8, Termination Occupational Exposure Report, 
Attachment 10. 

DOE Form OSHA-200, Log of Occupational Injuries and 
Illnesses, Attachment 7. 

DOE Form EV-102A, Summary of Department of Energy and 
Department of Energy Contractor Occupational Injuries and 
Illnesses, Attachment 8. 

DOE Form 5821.1, Unplanned Releases Form, Attachment 15. 

Copies of these reports will be stored with the appropriate LANL group. Specific 
reporting responsibilities are given in the following sections and in Chapter 1, 
General Administrative Requirements of the LANL H&S Manual. 

3.9.1 Exposure and Medical Records 

Confidential records of the medical status of each field team member, obtained 
through the employee medical program, will be maintained with the appropriate 
Laboratory group and, as necessary, coordinated with the ER Program office. 
The requirements established below must be met in addition to the 
requirements setforth in Section 13.1 of Annex III (H&S Plan) of the IWP. Field 
team members will be issued a radiation dosimeter by LANL, according to 
Administrative Requirement 3-1, Personnel Radiation Exposure Control. 

DOE Forms 5484.1, Summary of Exposures Resulting in Internal Body 
Depositions of Radioactive Materials for CY 1 and 5484.6, Annual 
Summary of Whole Body Exposures to Ionizing Radiation, will be submitted 
annually by March 31 for monitored employees. Preparation of these reports will 
be coordinated with the HS-1 Radiation Protection Group . 
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3.9.2 Unusual Occurrence 

All unusual occurrences must be reported by the OU Site Safety Officer to the 
H&S PL, Field Teams Manager, andTA-49 OU PL in accordance with Section 
13.2 of Annex III (H&S Plan) of the IWP. 

3.9.3 Accidentllncident Reports 

The LANL Project Leader will submit a completed DOE Form F 5484.X for any 
of the following accidents/incidents, according to LANL Administrative 
Requirement 1-1. 

1. Occupational Injury is any injury such as a cut, fracture, sprain, 
or amputation that results from a work accident or from an 
exposure involving a single incident in the work environment. 

NOTE: Conditions resulting from animal bites, such as insect or snake bites, 
or from one-time exposure to chemicals are considered injuries. 

2. Occupational Illness of an employee is any abnormal condition 
or disorder, other than one resulting from an occupational 
injury, caused by exposure to environmental factors associated 
with employment. It includes acute and chronic illnesses or 
diseases that may be caused by inhalation, absorption, 
ingestion, or direct contact with a toxic material. 

3. Property Damage Losses of $1,000 or more must be reported. 
Accidents that cause damage to DOE property, regardless of 
fault, or accidents wherein DOE may be liable for damage to a 
second party, are reportable where damage is $1,000 or more. 
Include damage to facilities, inventories, equipment, and 
properly parked motor vehicles. Exclude damage resulting from 
a DOE-reported vehicle accident. 

4. Government Motor Vehicle Accidents resulting in damages of 
$150 or more or involving an injury, unless the government 
vehicle is not at fault, damage of less than $150 is sustained by 
the government vehicle and no injury is inflicted on the 
govemment vehicle occupants. 

Accidents also are reportable to DOE if 

• 

• 

• 

damage to a government vehicle not properly parked is greater 
than or equal to $250; 

damage to DOE property is greater than or equal to $500 and 
the driver of a government vehicle is at fault; 

damage to any private property or vehicle is greater than or 
equal to $250 and the driver of a government vehicle is at fault; 
and 
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• any person is injured and the driver of a government vehicle is 
at fault. 

3.10 Employee Information 

The site safety officer shall ensure that the following DOE and LANL forms are 
posted where field team leaders and field team members can easily read them: 

• 
• 

• 
• 

Form F 5480.2, Occupational Safety and Health Protection 

Form F 5480.4, Occupational Safety and Health Complaint 
Form 

LANL Special Work Permit 

OSHA Job Safety and Health Protection Form 

The LANL health and safety standard concerning employees' right-to-know also 
shall be posted at the work site. Additionally, employees will be required to sign 
the form in Table 111-4 prior to initiation of field work. 

Other information which shall be made available to site employees include: 

• 
• 

• 
• 

4.0 

IWP, TA-49 OU work plan and ancillary documents; 

Pertinent Laboratory H&S documents including administrative 
policy and SOPs; 

Field monitOring data; and 

Personal monitoring data (e.g., TLD results) and personal 
medical records for the requesting individual 

Emergency Response and Notification 

This section provides information on responding to emergency situations. LANL 
Administrative Requirement 1-2, Emergency Preparedness, Administrative 
Requirement 1-8, Working Alone, and Technical Bulletin 101, Emergency 
Preparedness, were used in developing an emergency response plan. 

4.1 Emergency Contacts 

The names of persons and services to contact in case of emergencies are given 
in Attachment 111-2. This emergency contact form will be copied and posted in 
prominent locations at the work site. Two-way radio communication will be 
maintained at remote sites when possible. 

• The emergency contact number for the Laboratory is 9-911 (911 also works). 
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4.2 Contingency Plans 

This section considers contingency plans for specific types of emergencies. The 
site safety officer, with assistance from the field teams manager and, if needed, 
the field team leader, shall have responsibility and authority for coordinating all 
emergency-response activities until the proper authorities arrive and assume 
control. Evacuation plans and routes are discussed in Section 4.2.3, Emergency 
Response Plan, of this annex. 

4.2.1 Fire/Explosion 

In the event of a fire, the work area will be evacuated and the LANL Fire 
Department will be notified. In the event of an explosion, all personnel will be 
evacuated, and no one will enter the work area until it has been cleared by 
Laboratory explosives safety personnel. 

If a combustible gas meter indicates gas concentrations at levels of 20% of the 
lower explosive limit. personnel will be evacuated from that area. The site safety 
officer will continue monitoring to determine when equipment should be 
removed or when personnel may re-enter the area and resume work. 

4.2.2. Personnel Injuries 

• 

In case of serious injuries, the victim(s) will be transported to a medical facility • 
as soon as possible. The Laboratory Fire Department provides emergency 
transport services. Minor injuries may be treated by trained personnel in the 
work area. All injuries should be reported to the HS-2 Occupational Medicine 
Group. In the event that an injured person has been contaminated with 
chemicals, decontamination will be performed to prevent further exposure (as 
outlined in Subsection 4.6.2) only if it will not aggravate the injury. Treatment of 
life-threatening or serious injuries will always be undertaken first. If exposure 
occurs to hydrofluoric acid, HS-21 must be notified immediately and a special 
paste will be obtained for application to the affected area. 

4.2.3 Emergency Response Plan 

A map will be attached to each field copy of this OU Health and Safety Plan 
which gives the most current information on routes to the Laboratory's HS-2, 
Occupational Medicine Group and the Los Alamos County Medical Center. 

For general emergencies that require evacuation (I.e., fire, medical, security, 
releases, etc.) an emergency response plan specific to TA-49 is required by 
OSHA 1986. In a worst case, an evacuation of all personnel from TA-49 would 
be required; in most instances a safe distance onsite may be established to 
protect personnel. 

The signal for site evacuation will be two long blasts on an air horn. The crew 
will gather at a specified location (normally at the vehicles) and proceed away 
from the affected area. One person should find the nearest phone at a safe 
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distance and call the fire department at 9-911. The phone and the evacuation 
route used by field personnel should be in the direction away from the affected 
area and toward the T A-49 exit at State Road 4 (this is the only routine exit from 
TA-49). At the exit, all personnel will wait until every person in the field crew has 
been accounted for. The OU Site Safety Officer will determine the next course 
of action. 

A major release or fire involving hazardous or radioactive materials may warrant 
a different approach. This will be signaled by two short blasts on an air horn. If 
the signal is heard, personnel will meet at a predetermined area, which will be 
determined based on wind conditions. A portable wind sock or streamer will be 
positioned at each work location and personnel notified of the location. If the 
horn is sounded, all personnel will move in an upwind direction as much as 
possible without entering a plume. If the source of the fire or release is directly 
upwind, personnel will move away from the plume (if visible). Once a safe 
distance is reached, all personnel are to be accounted for. The field team 
manager and the site safety officer will be responsible for this task. At that time, 
the OU Site Safety Officer will determine the next course of action. 

For a less severe accident, such as a minor release or small fire, site 
evacuation may not be necessary. This scenario will be signaled by one long 
blast on an air horn. All personnel will meet at a designated area ( e.g., the 
vehicles) and all personnel will be accounted for by the OU Field Team Leader 
and/or Site Safety Officer. Further instructions will be given by the Site Safety 
Officer . 

These procedures will be reviewed at least once per week to remind field 
personnel of the procedures and the Signals. Summarized below are the signals 
for easy reference. This information will be posted at prominent locations at 
each work location with other H&S information. 

• 
• 
• 

4.2.4 

Major fire - two long blasts on the air hom 

Major release - two short blasts on the air hom 

Minor fire or release - one long blast on the air hom 

Additional Emergencies 

For information on accidental release of hazardous materials into the 
environment, unusual events, site alerts. site emergencies and general 
emergencies, see Chapter 7 of Annex III (H&S Plan) of the IWP. 

4.3 Notification requirements 

In emergency situations, field team members will notify the Site Safety Officer. 
The Site Safety Officer's responsibility is to notify the appropriate emergency 
assistance personnel (e.g., fire, police, ambulance), the field teams manager 
and the LANL HS Division Office according to DOE Order 5500.2 and DOE-AL 
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Order 5500.2B and 5000.3A. The LANL HS Division Office is responsible for 
implementing notification and reporting requirements according to DOE Order 
5484.1 A, DOE Order 5484.2, and DOE AL Order 5484.2. 
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References for Annex III 

EPA (US Environmental Protection Agency) 1988, Office of Emergency and 
Remedial Response, Hazardous Response Support Division, Environmental 
Response Team, Standard Operating Safety Guides (SOS6) (EPA 1988, 0609). 

LANL November 1991. "Installation Work Plan for Environmental Restoration", 
Revision 1, Volume I and II, No. LA-UR-91-3310,Los Alamos National 
Laboratory, Los Alamos, New Mexico. (LANL 1991, 0145) 

NIOSH(National Institute for Occupational Safety and Health), OSHA 
(Occupational Safety and Health Administration), USCG (US Coast Guard), and 
EOA (Environmental Protection Agency), "Occupational Safety and Health 
Guidance Manual for Hazardous Waste Site Activities," October 1985. (NIOSH 
1985,0414) 

OSHA (Occupational Safety and Health Administration), July 1, 1991. 
"Hazardous Waste Operations and Emergency Response," Code of Federal 
Regulations.{title) Title 29, Part 1910.120, Washington, DC. (OSHA 1991, 0610) 
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Figure 8-19 Sketch of hole 3-A. after excavation. 
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Figure 8-7 TA-49 benchmark locations . 
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ATTACHMENT 111-1 (7 pages) 

HEALTH AND SAFETY CHECKLIST 

H&S PLAN 

OPERABLE UNIT 1144 

Date: ____ Time: ____ FIELD TEAM LEADER Signature _____________ _ 

SITE SAFETY OFFICER Signature: ____________ _ 

Activities Being Conducted, Equipment Being Used, General Condition And Effectiveness Of 

Decontamination, PPE Being Worn: 

A key indicator of a well-maintained and safely operated site is the appearance of the work area on a daily 
basis. Work area appearance and safety is the responsibility of all personnel. Work areas shall be 
straightened on a daily basis before quitting work. Time should be set aside at the end of each work 
period to remove trash, tools, spare parts, extra materials, rags, plastic, and so forth. Work should be 
stopped and a general cleanup should be conducted whenever trash, dirt, or other materials are being 
spread beyond the immediate work area. The Site Safety Officer will complete this check list during a daily 
health and safety inspection tour of the work area. 

This check list is designed so that any "no" responses are indicators of a safety or health deficiency. If any 
question does not apply, an "NAN will be placed on the line. Not all questions will be applicable to all sites. 
All "no" responses should be followed up with a written explanation, the corrective action taken, and the 
date . 



Health and Safety Plan Annex III 

• , 
HEAL TH AND SAFETY CHECK LIST 

TRAINING J8E 
Is a Daily T~ilgate Satety Meeting held and documented? 

I 
Are all visitors 10 the site properly signed in and given site-specific orientation 
and safety training? 

Are all persons entering the site informed of the contents at the Health and 
Safety Plan and required to sign a statement indicating such? 

Have aU persons enlering the site received the appropriate hazardous waste 
training and is this training documented? 

Have all persons entering the site received a respirator fit test and training? /' 
Have all persons entering the site received training (hazard communication) on I 
all hazards that may be encountered? 

Have all persons entering the site received the required physical ~inatiOn? 
Is the H&S Plan available for on-site inspection and review by em~loyees. etc.? 

Are emergency reporting and evacuation proced<J~ by each person on 
site and documented on the Emergency Contact ? . -....., • 
Are all persons who enter confjn~aces property trained? '. II 

;1 
Is the site-specific Organizationa~re chart posted at the job site? 

Are personnel ~~Ork on or near drill rigs instructed in the location and use 
at the rig's '1dU s tch? _ _ ~ 

Do heavy equ~ "'nt and:crane operators possess appropriate and up-to-date 
required JicenseslcertiHcatlonslpermits? 

Are copies at all training records kept on site? 

INSPECTIONS JGJGJI 
Are regulated areas established and defined for each work area in which 
contaminated materials may be present? 

Is hearing protedion wom in areas where sound levels are suspected or shown 
to exceed 85 dBA? 

• 



• Health and safety Plan Annex.1 

HEAL TH AND SAFETY CHECK LIST 

INSPECTIONS (Continued) ", .... ."-
Are all persons on site using the minimum protective equipment (hard hat, 
safety glasses with side shields or goggles. steel-toed safety shoes) and 
appropriate clothing tor the anticipated hazards? 

Is there a lTl.dtipurpose dry-chemical fire extinguisher on each piece of heavy 

I 

equipment? 

Are all fire extinguishers inspected monthly? 

Is the "no smoking- policy enforced? 

Are approved safety containers used to store fuels? 

, Do all contaminated scrap, waste, debris, and clothing containers have labels? 

Is the 100d and beverage consumption prohibition enforced in the regulated 
area? 

• Is there a method available for employees to wash their faces and hands with 
soap and water before eating and drinking? 

Are contaminated materials stored in tightly closed containers in wel!-ventilated 
areas? 

- - .... -
Does aU heavy equipment have a functioning back-up alarm? 

Is the 'buddy system- in use throughout the site? 

Is access to the regulated areas controlled so that only authorized personnel 
are permitted to enter? 

Is a daily log maintained of persons entering the regulated area? 

If benzene is present, are warning signs ana benzene hazard signs posted? 

Are MSDSs for the hazardous materials posted at the site? 

Are contact lenses not worn with respiratory protection? -

Are all persons required to wear respirators clean shaven before each day'S 
shift? 

• 



Health and Safety Plan Ann.x III • 
II 

HEAL TH AND SAFETY CHECK LIST 

I 

II 
INSPECTIONS (Continued) I~~ 

! Are adequafe potable liquids provided at the job site? 
I 

! Is periodic air monitoring conducted? 
, 
! Are air-monitoring instruments calibrated daily before use? 

! 

Are emergency services and equipment available at the site and is equipment 
I 

in appropriate condition? 

Are provisions made for adequate flushing ot the skin or eyes in the event of 
contaminated exposure? ./ 
Are dry-chemical ABC fire extinguishers provided at each site? 

r ( 

Do all woO< activities begin after sunrise and end betore sunset? 
/' I 

Are polable waler containers clearty marked as 10 Iheir contents ar used 
for any other purpose? 

Are outlets for nonpotable water clearly mao<ed? 1\ • If permanent toilet facilities are unavailable. are c~cal toilets provided? 

Do employees shower at the en<~eir woO< shift and when leaving the 
hazardous waste site? . 

Are appropriate warning signs placed around open excavations? -
~ S~ped (1 ft to 1 ft), or shored if more than 4 ft deep? Are excavatio"t 

Is a standby p~n available when entry into an excavation is required? 

Are appropriate access methods, such as ladders, used to enter the 
excavation? 

Are equipment and materials stored and handled at all times so as not to 
endanger persomel? 

Is a check-irVcheck-out roster maintained at the site? 

Are crane operators controlling the lift area maintaining a safe perimeter to 
prevent any site personnel from coming under or within an unsafe distance of a 
live load? 

• 



• Health and Safety Plan Annex '" 

I 

HEAL TH AND SAFETY CHECK LIST 

I 
INSPECTIONS (Continued) lIYESI~ 

If personnel are required to wor1< in or near high-traffic areas, are they wearing 
fluorescent orange and/or reflective clothing or vests? 

I Are vehicles not actively used in operations par1<ed so that they do not interfere 
J 

! with worK or traffic? 

Are cutting and welding operations not allowed within 300 ft of a potential liquid 
fuel source or a building? 

I Are supplied air respirators required for employees performing hot worK on 
painted, galvanized. coated. or previously contaminated metal? 

Are two 10-lb or more ABC multipurpose fire extinguishers available in the 
immediate vicinity of hot wor1<? 

Are seat belts used by persons riding inion vehicles and equipment? 

• Are personnel riding inion vehicles or equipment in a manner designated for the 
conveyance of people? 

Is noncrane heavy equipment used to ·pull- (lift) material properly equipped and 
deSigned to do so? 

Is a drilling-equipment safety-inspection report completed by the drilling operator 
before beginning any site wor1<? 

Is aU equipment used to handle or transfer flammable liquids bonded and 
grounded, spar1< proof, and explosion proof. as appropriate? 

Are all fuels stored in approved safety containers? 

Are fuel storage locations mar1<ed with the warning signs, -Flammable Uquids· 
and -No Smoki"'~r? 

Are spar1<-proof hand tools used when working with flammable/combustible 
materials or when breaking lines? 

Are safety glasses and gloves wom when handling or hooking up compressed-
gas cylinders? 

Are compressor hose segments secured using chains and/or locking pins? 

Are all electric connections made through a GFCI? 

• 



Health and Safety Plan Anne. III • 
': 

I 

1 HEAL TH AND SAFETY CHECK LIST 
! 
I 

:1 
i 

INSPECTIONS (Continued) II YES II NO I 
I Are extensiOn cords routed and stored to prevent damage and tripping i 
I hazards? 
I 

Does a second person secure or steady a ladder while an employee is 
ascending and descending? 

i , 
Is stOckpiled soil piled at an angle less than 45 degrees and at least 2 ft from 
the edge of an excavation? 

Is the regulated area isolated from the rest of the worX site in a manner that I~ minimizes the number of employees exposed to site containers? 

If heat stress is a concern, has a worWrest regimen been established and I 
implemented, including physiological monitoring? 

J' 

If contaminants at the site are unknown, is Level B protection wor~ 
Are suitable quantities of absorbent, appropriate drums and labels complying 
with DOT, OSHA, and EPA regulations on hand ~e leaks, spills, or ruptures 
may occur? • 
Have procedures tor all phases c;:,contaminati~n been developed and 
implemented? 

, 
Is the direction of emergency e~lress away from high-hazard areas? 

Are means of ~ency egress maintained free of obstructions and available 
for full and inS1 sa? 

Are work areas kept clean and in good repair, with no unnecessary holes or 
openings? 

Are wastes (noncontaminated) kept in a closed, nonleaking sanitary container 
and removed as often as necessary and appropriate in a manner that would 
avoid creating a health or safety problem? 

Are appropriate labels provided on all chemical containers? 

Are storage areas free of accumulation of materials that could constitute a 
hazard from tripping, fire, explosion, or pest harborage? 

Is vegetation within the site controlled? 

• 



• ATTACHMENT 111-2 (l page) 

EMERGENCY CONTACTS 

Site Safety Officer 

Name: Call: 

Environmental Restoration Health and Safety Project Leader 

Name: Call: 

24·Hour LANL Health/Safety Coordinator 

Call: 
-

• 

• 
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ATTACHMENT II 3 (20 pages) 

IE~rM 
EM SCIENCE'M 
A OIv\IlOft of L .... lndlriH'Wt. 1t\C, 

111 Woodcrest Road, Cherry Hill, New Jersey 08034:"-0395, Phone (609) 354-9200 

MATERIAL SAFETY DATA SHEET 
Essentially Sim'iiar to U,S. Department of Labor Form OSHA·20 

SECTION 1 NAME & PRODUCT 
Chemical Name: Catalog Number: 

Bervllium Oxide BX0593 
Trade Name & Synonyms: Chemical Family: 

3ervl:ium ~onoxide CAS if 1304-56:"'9 Metal Oxide 
Formula: Formula Weight: 

BeO 25.02 

SECTION 2. PHYSICAL DATA 

Boiling Point, 760 mm Hg (OCl I 3900" Specific Gravity (H2O = 1) 

Melting Point \ °Cl 2530" Solubility in H20, % by wt. at 20°C 

Vapor Pressure at 200C N/A Appearance and Odor wnite powder 

Vapor Density lair = 1) 
unknown 

Percent Volatiles by VolumENone Evaporation Rate (EkftI.I Acetate = lJl 
SECTION 3 FIRE AND EXPLOSION HAZARD DATA' 

Flash Point (test method) Noncombustible I Flammable Limits I Lei N/A 
I Uel 

Extinguishing Media As appropriate for adjacent material 

Special Hazards and Procedures Wear self-contained breathing apparatus 

Unusual Fire and Explosion Hazards None 

SECTION 4 RlACTlVln DATA 

Stable X Conditions to Avoid 

Avoid dusting (dispersion of fin'e particles into 
Unstable 

Materials to Avoid 

) Water ) ACids ) Bases ) Corrosives 

(XX) Other (specify) Mg & heat 

Hazardous Decomposition Products None 

SECTION 5 SPILL OR LEAK PROCEDURES AND DISPOSAL 
Take up and containerize for proper 

Steps to be Taken in Case Material is Released or Spilled disposal; avoid creating dust 

Waste Disposal Method To be performed in compliance with all current 
local', state and'fede-ral regulations 

3.02 

insoluble 

N/A 

air) 

. , 

The statements contained berlin are offa'ed for informational purposes only and are intended to be follawed only by ptl'SQns hailing related technical skills and at their 
own discretion and risk. Since conditions and maMIf of use are outside our control. we make no warranblS, express or implied, and assume no liability in connection 
with any use of t!ris infonnation. 



BX0593 

StCT10N 6 HEALTH HAZARD DATA 

Threshold limit Value 
3 0.0.02 mg/m (TWA) 

Effects of Overexposure Highly toxic by inhalation & ingestion; causes bronchitis, 
chemical pneumonitis, beryllium granulomatosis; effects can be delayed for 
years after exposure. Contact causes dermatitis, skin ulcers, conjunctivitis 

First Aid Procedures GET }fEl)ICAL ASSISTANCE FOR ALL CASES OF OVEREXPOSU~ 

I Skin: ~ash thoroughly with soap and water. Remove contaminated clothing. Use care in 
laundering to avoid contact with contaminant. 

Eyes: Flush immediately and thoroughly with water for at least 15 minutes 
Inhalation: Remove to fresh air. Get immediate medical attention 
Ingest~on: if conscious, induce vomiting 

SECTlON 7 SPECJAL PROTECTlON INFORMATION 
Ventilation, Respiratory Protection, Protective Clothing, Eye Protection 

Use adequate general and local exhaust ventilation. 
Use air-supplied respirator if dust concentration is above TLV. 
Wear protective gloves, protective clothing, and safety goggles 
Use extreoe caution in washing gloves and clothing to avoid personal contamination 
Do not breathe dust; do not take internally; do not get in eyes, on skin, or on clothing 

StCTlON 8 SPECJAL HANDLING AND STORING PRECAUTIONS 

Keep container closed 
Store at 'controlled room temperature 
Wash gloves carefully before removing 
Wash hands and face thoroughly before eating, drinking, smoking or applying make-up 

DOT Hazard Class: Poison B 

SECTJON 9 HAZARDOUS INGREDIENTS 

(refer to section 3 through 8) 

N/A 

SECTION 10 OTHER INFORMATION 

Product is highly suspected to be carcinogenic (U.S. Public Health Service, 
Third Annual Report on Carcinogens, Sept., 1,983) • I . 

----------------------------------------------------------------~ 

AUTHORIZED SIGNATURE --r.~~/ ~?l....;.' · ____ 1 ...... /..;...'. _h_' ,.....;t:=,;.""'~.~I/'"L_=,'--~_ 
YI 

J J /84 DATE ISSUED: _____ _ 

DATE R£YISm: _____ _ EM0014T~ 
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IEMTM 
UPDATED 

EM SCJENCE'~ 
A 01...,... 01 E.\04 lndwtnH,. lnc. 

111 Woodcrest Road, Cherry Hill, New Jersey 08034-0395, Phone (609) 354-9200 

MATERIAL SAFETY DATA SHEET 
Essentially Similar to U.S. Department of Labor Form OSHA·20 

I SECTION 1 
• Chemical Name: 

NAME & PRODUCT 
Catalog Number' LX010S , 

Lead LXOO8S, LXOO90, LXOO9S, LX0103, LX0110 

Trade Name lEt Synonyms: Chemical Family: 

:1one CAS #7439-92-1 Metal 

Formula: Formula Weight: 

Pb 207.19 

SECTION 2 PHYSICAL DATA 

Boiling Point. 760 mm Hg (OCI I 1740° Specific Gravity (H2O = 1) 11.34 

Melting Point (OCI 327.4° Solubility in H20. % by wt. at 20°C Insoluble 

Vapor Pressure at 20°C N/A Appearance and Odor bluish-white metal 

Vapor Density (air == 1) N/A 

Percent Volatiles by Volume N/A Evaporation Rate (Butyl Acetate = 111 N/A 

SECTION 3 FIRE AND EXPLOSION HAZARD DATA 

Flash Point (test method) None 
1 

Flammable Limits I Lei N/A I Uel N/A 

Extinguishing Media N/A 

Special Hazards and Procedures None 

Unusual Fire and Explosion Hazards None 

SECTION 4 REACTIVITY DATA 

Stable X Conditions to Avoid 

Unstable None 

Materials to Avoid 

( ) Water ( ) Acids ( ) Bases ( ) Corrosives (X ) Oxidizers 

r: ) Other (specify) Sodium, Potassium 

Hazardous Decomposition Products None 

SECTION 5 SPILL OR LEAK PROCEDURIS AND DISPOSAL 

Steps to. be Taken in Case Material is Released or Spilled Sweep up & containerize for proper disposal 

Waste Disposal Method 
To be performed in compliance with all. current .. 

local, state and federal regulations 

The statements contained herein are offered for informational PUrpOSIS anly and are intended to be followed only lIy persons havmg related technical-skills and at their 
own discretion and risk. Since conditions and manner of use at! outside our control. we make M wal'Tantil'~ ~xnrP.ss nr imnlil!tI ~nri "'~~lImp. nn Ii"hiiitv in r.nnn~Minn 



SECTION 6 

Threshold limit Value 

Effects of Overexposure 

Lead 

3 0.05 mg/m 

HEALTH HAZARD DATA 

Cumulative poison; harmful if swallowed; 
haimful by i~halation of dust or fumes. ~ymptoms: lassitude, insomnia, pallor, anorexia, 
weight loss, malnutrition, headache, constipation, abdominal pain, colic, anemia 

First Aid Procedures GZ'I' MEDICAL AT'!,'::;:NT}ON FOR ALL CASES OF OVEREXPOSURE 

Skin: 
Eyes: 
rnhalation: 

wash wi~~ soap/water 
flush thoroughly with water 
remove to fresh air 

SECTION 7 SPECIAL PROTECTION INFORMATION 

Ventilation, Respiratory Protection, Protective Clothing. Eye Protection 

Provide adequate general mechanical and local exhaust ventil~tion 
Protect eyes and skL~ with safety goggles and gloves 
Do not breathe dust 
Do not get L~ eyes, on skin, or on clothing 
Wear dust mask or cartridge respirator if necessary 

SECTION 8 SPECIAL HANDUNG AND STORING PRECAUTIONS 

Keep container closed when not in use 
Store in a dry, well-ventilated area 
Wash ~~oroughly after handling 

DOT Hazard Class: Not Regulated 

SECTION 9 HAZARDOUS INGREDIENTS 

(refer to section :3 through S) 

~/A 

SECTION 10 OTHER INfORMATION 

Tests on laboratory animals L~dicate material ma~ be mutagenic and teratogenic . 

. DATE ISSUED: __ ....;6::.:/...;;8:;...;4~ 

• 

AUTHORIZED SIGNATURE DATE REYlStD: ____ _ eM0014TA 



OG0805 

• 
E M SCIENCE 

A uIVI~ION OF E M INCUST~IES. INC. 
111 "GODC~EST DRIVE. ChERRY HILL. N.~. ud~3~ 

PHO~E (609) 3~~-9200 

MATERIAL SAFETy CATA SHEET 
ESSENTIALLY SIMILAR TO u.S. DEPARTMENT OF LA~UR FORM OSHA-20 

GATE OF PREP. 12/10/85 

PAGE 1 

-----------------------------------------------------------~-------------------
SECTION 1 NAME ~ PROOUCT 

-------------------------------------------------------------------------------
CME~l~AL NAME: LEAO OXIDE, YELLO~ 

CATALCG ~uMaER: LX0175 LA0176 

TRACE NAME: LEAD MONOXIUE; LITHARGE. YELLO~ 
CAS ~: 1317-36-6 CHEMICAL FAMILY: METAL OxIDE 
FORMULA: PoD 

MOLECULAR 
w~IGHT 

223.21 

------------------------------------------------------------------~------------
SECTION 2 PHYSICAL DATA 

-------------------------------------------------------------------------------
aOILING ~GINT 760 MM hG UNKNOWN SPECIFIC GRAVITY (H20=1) 9.53 
MELTING POINT aaBC 
VAPOR PRES. ~ 20C NIA MM HG 
VAPOR JENSITY (AIR=l) NIA 

SOLUBILITY IN H20,~ dY NT ~20 C INSOLUBLE 
EVAPURATION RATE (~UTYL ACETATE=l) N/A 
APPEARANCE AND ODOR YELLOw PO~DER 

% VOLATILES BY VOLUME N/A 

-------------------------------------------------------------------------------
SECTION 3 FIRE ~ EXPLOSION HAlA~D UATA 

~~~~~-;~~~~~~~~~-~;~~~~~-~~~~~~~~~;~~~;--;:~~~~;~~-~~~~;~;~~~;-~~~---~~:~-~~~~~ 
EXTINGUISHING MEDIA: 

USE MEDIA SPECIFIED FOR SURROUNDING MATERIAL 

SPECIAL HAlARDS: 
~cAR SELF-CONTAINED 8REATHING APPARATUS 

UNUSUAL FIRE ANO EXPLOSION HAlAROS: 
MAY EMIT TOXIC FUMES ON THERMAL DECOMPOSITiON 

--------------------------------------------------~--------------------~-------
SECTION ~ REACTIVITY DATA 

------------------~-----------~------~---------------------------------------~-
STA~lc S CONOITIONS TO AVOID: 

ELEVATED TEMPERATURES 

MATERIALS TO AVOID: 
( ) ~ATER () ACIDS () 6ASES () CORROSIVES ( ) OXICIlERS 
(X) OTHER:CL, ETHYLENE, F, PERCHLORIC ACID 

CONTINUED ON PAGE 2 

• 



O:C3G5 ~ M SCr~NCE 
~ JlvISIGN OF E M I~CUSTRI~S. INC. 

LeAO uXIDE, YELLOW 
MATERIAL SAFET¥ JATA ShEET 

---___________________________________________________ ---------------------_tIt 
SECTION 4 REACTIvITY DATA 

-------------------------------------------------------------------------------

MAlARC~uS JECCMPU~ITIO~ PRODuCTS: 
LEAU FUMES 

-------------------------------------------------------------------------------
SECrIG~ 5 SPILL OR LEA~ PROCEDURES ANC DISPOSAL 

------~---------------------------------------------------------------~--------STEPS TO cE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED: 
S~EEP uP ~ CONTAINERILE FOR PROPER DISPOSAL 

~AsrE OIS?OSAL METHOD: TO BE PERFORMED IN COMPLIANCE wITh ALL CURRENT 
LOCAL, STATE AND FE~ERAL REGULATICNS. 

-------------------------------------------------------------------------------
SECTILN 6 HEALTH HAZARD OATA 

--~-~----------------------------------~------~~--~------~------------~--------THRESHOLu ~rMIT VALUE: 
0.15 MG/M3 (AS Pd) 

T :SHULD ~ALuE: 
UNKNOwN 

EFFECTS OF OVEREXPOSURE: 
CUMULATIvE ?OISON. 

TXOS: 
IPR-RAT LCLC: 430 MG/KG 
ORL-DOG LOLa: 1400 Mb/KG 

AS LEAD, SY.MPTOMS INCLUDE LASSITUDE, INSuMNIA, PALLOR, 
ANOREXIA, ~EI~HT LOSS, MAL~UTRITION, CONSTIPATION, A~DCMINAL 
PAINS, COLIC, AN~MIA, GINGIVAL LEAD LINE. 
CONTACT MAY CAUSE S~IN IRRITATION. 

FIRST AID PROCEOURES: 
SKIN: wASH ~ITH SOAP/~ATER 

EYES: FLUSH THOROUbHLY WITH WATER 
INHALATION: ReMOVE TO FRESH AIR 
INGESTION: IF CONSCIOUS. INDUCE VOMITING 
GET MEDICAL ASSISTANCE FOR ALL CASES OF OVEREXPOSURE 

• 

-----------------~--------~-----------~---------~-----~------------~-~~----~~ 
SECTION 7 SPECIAL PROTECTION INfORMATION 

----------~-----~~--------~---------------------------------~--~-----~-------~ VENTILATION, RESPIRATORY PROTECTION, PROTECTIVE CLOTHING, EYE PROTECTION: 
PROVIDE ADEQUATE GENERAL MECHANICAL AND LotAL EXHAUST 

CONTINUED ON PAGE 3 

• 
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0005J5 E M 3CIcNC~ 

A JIVISION OF E M INGUSTRIES. INC. 

LeAD UXIDE, YELLOw 
MATERIAL SAFETY DATA SHEET 

-------------------------------------------------------------------------------
SECTION 1 S~~CIAl PROTECTION INFORMATION 

------------------------------------~-----------------------------------------~ vENTILATION, RESPI~ATORY PROTECTION. P~OTECTIVt ClOTHIN~, EYE PROTECTION: 
VE~TILArION 
?~GTECT EYES AN~ SKIN ~ITH SAFETy GOGGLES AND ~LCVES 
00 NuT ~~~ATHE OUST 
nEAR APPROVED RESPIRATORY PRuTECTION IF TlV IS eXCEEDED 
AvOID CONTACT WITH SKIN AND EYES 

----------------------------------------------------------------------------~-
S~ECIAL HANDLING AND STCRING PRECAUTIONS 

----------------------------------------------------------------------------~-
SPECIAL HANDLING AND STORING PRECAUTIONS: 

~EEP CONTAINER CLOSED 
STuRE IN A ~~LL-VENTILATED AREA A~AY FROM INCOMPATIdLE 
MATERIALS 
~A5H ~OvES oEFORE REMOVINb 
"ASH TMORQUGHLY AFT~R HANDLING 

------------------------------------------------------~-----------------~~----
SECTION 9 MAiARDOUS INGREDIENTS 

-~--------------------------------------------------------------------------~-

•

HALAKDOUS INGKtDIENTS: 
N/A 

----------------------------------------------------------------------------~-
SECTION lJ OTHER INFCRMATION 

----------------------------------------------------------------------------~. 
NFPA 704 

HEALTH FLAMMABILITY R~ACTIVITY 

COMME~TS: 

TESTS ON LAdORATORY ANIMALS INOICATE MATERIAL HAY dE 
MuTAG~NIC ANO CARCINOGENIC 

• 
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81 Carolyn Boulevard. Farmingdale. New York 1 1 735-1 527 
Telephone: 516-694-9000 Telex: 6852289 or 144612 Cable: ATOMERGIC NEWYORK 

MATERIAL SAFETY DATA SHEET 
:.~ .... IC ... L /j,u., ';;"'SNo. 

-jranium Oxide 13444-59-8 
C,.E.IoIICAL FOAIolU\.A P "ATIC~E :;IZE 

U
3

0
9 

-100 mesh 

~
. , 

:~- . .-

CHE .... IC"'~ FA"'ILY 

me:tal !)xid.:' 
6.:l1L..,,';; ;>OINT."C .. iLTlHG POINT. 'C FAEi.l,JN(; POINT. ~ CALC. IoICLiCULAA WEIGHT 

~/A decomposes at 13000 to U02 N/A 842.02 
O~NSH1'. ;_ SOLU8tUn IN WATEII REACTION WITH WATER 

H '0 i.nsolub:~ none 
"'P~RANCE 00011 

green-black solid none 
OTHEII CO_EHTS 

F ..... :;" .-.Q, ... r. • "IHOIGNI riON rUI" .. ·C ~OMM&N~ 

~/A unknown 
E~TiNGUISHIHG WiOlA 

0"" ... 1.- 0 
...v., •. Wei. D co 2 

Crt OAlConoi o earthew 'PI.., IOQ D 5., .. _ 0 en_oc. I ..... 0"- Sino 

_ 01 .... 

l..:iIl ,'CK'I~I Agent for metal fires (like G-l powder, MET-L-X, or dry graphite, 

SP~CIAL FIAE 'lGt4TIHQ "AOCEDUREI 

o Oo~"'I. D oo~" .. 0 
.n_lire 0111., SCBA should be when fightj ' 1III'lCIOng ..1., 10 Dum D la_ly, worn 

fires involving radioactive 
material. 

UN~FIIIE I iXP\.OSION H~ 

o 0... .... _ 

0 
s.-t_ (2g eon __ 

0 r ............ 01"-
I r'li.l.afCJ 10.-11 o Ispecl'" 

SHelUTI CONDITIONS CONTAI8UTi"G TO UNSTA81L1TY 

~ SI_ D UnalaDie 
o TII __ 

oecomOO .. 11otI 
o ""010 

deorlldallon 
o "oIymw,zalotl 

INCO"'''. T ..... lin· ... _ COII_ .. I" 

.0 5 ' ..... oat ..... 0 5' ..... 
0=.." KIOe ....... 01II1II .. 

MALt.AOOUS OECOMPO*TION Pf'OOUCTS _ THlMoIAL AND OTHEI! IMaI) 

alpha and ganuna radiation, radon daughters 

CONDITIONS TO ... \1010 

o ..... 0 0- o So.u 
Ignlliott 0,,,., 

li- D source' o I5Dec,"" 

STU'S TO M T..,.lIt I' lolA rEAIAL 1$ RELfASlD 011 ""LUD KeetI YDWtftCI 

0'--
D • __ ... .-

o N_aIin 
~ K~~aXm D 0 

b8CUIII--... 0 "'-I ..... .- 01 ..... _ ... 
yDWICI'- - OlIO'" 

_ 01 ..... 

c..x iso«' iYI vacuum equipped with high efficiency filter 

...... STE OIS~ METHOO - CoIt,.,I' ,_-. .,a,a. 01 lac. 1"'_'''' /01 pro_ ~'SOOIM _~lIIa .. 

Limits for disposal: Reference lOCFR,Part -oil 

Sanitary sewa1e System: 3 x 10-5 mCi/ml Appendix "B" 
Air: 5 x 10- 2 mCi/ml 
Dispose of contaminated waste in authorized landfills only. . CONTINUED o. 
Ch e k w~th NRC for further restr~ct~ons. C REVERSE SIDE 
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._ ................. _ ....................... ~~ .......... "."' ....... ~ ......... _ ..... '5."''' ........... .. 

OCCUPAfIONAL H!A~r~ SERV:CES. I~C. 

4'0 SEVENTH AV~~~. S~:!£ 2407 
NIV YOU:. NW YOlU( 10123 
(aoo) 44'·KSDS (212) 967·1100 . ............................................................................. . 

SUBSTANCE: ItDTOIIUK·239 

TRAnt NAMES/SYNONYMS: 

SUBSTANCE InL~tIFICATION 

PLUTONI~~: 1~70NIl~, IsOtOPE OF MASS 239: PL~~ONIUM MEtAL: STCC 
4929140: UN 2918: PU·239: PU; OKS19088 

CR!KlCAL FAMILY: 
METAL: RADIOACTIVE 

MOLECULAR WEIGHT: 239.05 

CEltCU llATINCS (SCALE O· 3) : HEALnf-tJ FIl!-) a.E.ACTIVIl"i-l PERSI STENCE-3 
NFl'A RATINGS (SCAU 0-4): HEAlnt-U FIU-) lIACTIVIT'Y-2 ...... -~ ....•..•...........••.....•............•......•...•.•..........•...... -

COMPONENTS AND CONTA.~lN.\N'1'S 

cOHPO~~: PLDlONtUK·239 CAS. 15117·48·3 PElCEm:: 100.0 

OtHD COHTAKINA.NTS: RONE 

EDOS'DII LIMIT: 
OCCUPATIONAL txPOsuu ro lADlOAC'I'IV! SU!STANCES truST ADHERE TO STANCAADS 

ESTABLISHED BY THE OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION. 
29 cn 1910.96. A.Nl)/0& tu NUCLIAI. llCULATOJ.Y eOKKlSSloti. 10 en PAl': 20 . 

.....................••..••...•. _- ....••••......•........•.•...••. -- ...••••.... 

PHYSICAL nATA 

D!SC2InION: slt.va-Wl'rl Cl.YSTA1.l.J.lfI SOUD. 

IOILntc lOIn: ,.'0' ('232 C) (AU&\ 
101.M) KELT INC POINT: 1186 F (641 C) (ALPHA 

tORK) 

snCInc Cl.&V1D'r 19." (ALPHA FOM) .SOU1!lUTY IN TJA1'D: INSo.WlLE 

0TlfEI S01.vmrs (SQLV!N'1'. SOLUltLlTY): 
SOLDIti IN HYDlOCKLallC ActD; IISOLUIL! IN IITtIC ACtD. 
CONCD'l'lAT!!) SutJ'UllC ACID. 

0'l'HD PllYUCIJ. DATA 
sr&CIne Acnvt'r.Y: 0.0'2 CI/C 
HALF LIFl: 24,411.0 YEAlS 
CIlITlCAJ. KASS: 10 UI.-.- ........••••..•.•....•...•.•••••..•.....•.•.. -.....•......................... 

TIi!J'c:J OJ.. 



FI1!tlGHTl~C MEDIA: 
DRY CHr.!Ia.L. C.A.R30N DIOXI:OE, HALON. Io:AUll SPMY OR STA:mAP~ FOA."'l 
(19B7 L~GINCY lESPONS' GUIDEBOOK, ~ot p ,aOO.4). 

FOR. LAllCiD FlUS, USE WATER. SPlAY OR roc (FLOODING AKOt1NTS) 
(1987 E.'1nGDlC'Y lESPONSE GT.:l:OUOOK, t)OT P 5800.4). 

nUnCHT!NG: 
00 NOT MOVE DAHAGE~ CONTAINERS. MOVE ~~O~~C£O CONTAINtl$ O~~ OF FI!E ZONE. 
rca MASSIVE F!lE !N STORACE AREA, USE ~~ED HOSE HOLDER OR. KONI~OR. NOZZ~t:S. 
FtCHT FIRE FlOM HAXIML~ DISTANCE. STAY AWAY FROM STORAGE TANK ENOS (1987 
~~G£NCY RESPONSE ~JtDEIOOK. no! P ~800.4, GUIDE PACE 63). 

CONTAC'! !HE LOCAl., STAtI, OR. 'D'EPARnmNT or ENERGY P..A.DIOLOGICAl. USPONSE TEAM. 
!XTINCU1SH FIR.E USINC ACENT SUItABLE FOa TYPE or SURlOUNOING Ftll. KEEP 
COlr.'AtNERS· coot. 1ll'!'H FLooDINC QTJANl'ITtIS OF \lATD, APPum FlOM AS PAl A 
DIstANCE AS '1'OSSUL!. AVOID CONTAM!NATION OF ;'ATO SOUlCES ANt) SE"ltRS. AV01.rJ 

·-IltATHING DUSTS AND ruMES OF ImmING KAtElIAt.. KEEP t1NN1CESSAllY PtOPu: OUT or 
INCID!..'n AllEA UNTIt. AltA IS O£CI..AltEl) SAFI IY 1lA.DIO~tCAL RESPONSI TEAK . 

~- .•..•........ -.- ...•.............•......•.................. -..•......•.• ~ .... 
TlANSPOl1'ATlON 

D!PAJlTM!NT OF TRANSPOlTJrTION ~ C1..A.SSIrlCATION 49 en. 112. .1.01.: 
llA!)IOACTIVE KATIlIA.L 

DEPAl1'l'..tNT OF 't1A.NSPOATATION WILING lEQUIR.EK!NTS 49 en 172.101 AND 
SUISPAlt I: 

IADIOACTIVI 

OEPAlTKENT or tRANSPORtATION PACKAGING REQUIlEHINTS: 49 cn. 173.417 
txC!7TIONS: 49 aPR 173.453 . . . 

.....•...••••••••.•..........•••• -- .......•.......•..•.....•................... 

TOXICITY 

PLtT1'OlnUM· 2' 9: . 
c.uCINOGEN Sl'ATOS: Nom. HOtI£V!1l, EXPOSTJU TO IONIZING RADIATION KAY CAUSE 

CANCD, 
AC1J'1'E TOXlCITY I..EVIL: NO DATA AV.Ul.A.ILE. 

• 

'fARCE'!' !nECTS: Pt.CTONIUK IN mE BODY MOST OFTEN ACCtTM'Ol..A'IIS IN THI t.IVER 
IJfl) Sl<.E1..E'TON i I\OWVD. SICNU'lCAlft QUANtITIU KAY Bi rouND IN tHE SPLEEN. 
GOlIAD!, AND nrntoU). THE IIOLOCtCAL HAU'·t.IVES HAVE InN lUO&'t'ED TO IE 
40 Y!IJlS tS 'THE t.lVD. AJCn) 100 Y'IAlS IN THE lONE. A JW)IOACTI'lE KAT!IlIAL • 
PWENT! THI CJlF.Al'!Sl' K..UIt1J) TO nlOSI PAlll'S OF Till 100Y IN WICH It IS HOST 
CONCENTIATID. 

C0'd OJ. 
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A.OrHT!ONAl DATA: ?!..Wmrti..11· 2l~ !S ..... ~ ::. .. "t:7!'U OF AI,.P'!J.A ?A.R:::~S . ...:::, 
SO.!U 'J'£RY soFT GA."fMA RAYS. EXPoSt"'P-t TO R.A.OICAC!r.;:c; ?:.::~~: .. ~ :'.A.'I ~!S:'::"7 ::; 
SIGNIFICANT UHOLE·IODY IRRADIATION . 

.. -•.•••......•..•. ~~ .••••••..•••...••......•..... -.---.-- ....... -...... -.... ~ . 
HEALTH EFfECTS AND FIRST AID 

INHALAT10N: 
PLL~NIUK·239: • 

ACU"rE !%?OSURE· ,,'H£,-: !m4AL£n, PIXTO!Ut.'K IS RETAIN!!:) I~ THE LWG ';.11 TIt AR 
EFFECTIVE HALF·LITt THAT VAAIES FROK HUNDaEDS OF DA~S FOR lLUTONI~~ OX:D£S 
1'0 TENS OF 1).\YS FOil MOA! SOWBLE FOI.KS. PLtJTONltJM SOWIU.IZED ;';:!'HIN !'HE 
tL"'NCS IS "!1A..NSt..OCATrD oro THE LIVEll AND SlCnETON Will! It IS RETAINE:l. 
FOll.OVnrc:: All l~'nCN or AN 1.£10501.. CONTAINING 'U1TONlt1M. THE PA!!!iW 'JF 
ITS DEPOSITION A.Nl) Ct.W..ANCE nOM THE !lESPIRATORY 'l"R.ACT AND THE FRACnON 
£'LIMINAt!!) noM mE BOOY AS WEU. AS 'IRE FR.ACTION DEPOSITED tN THE !AF<.G£: 
ORGAN D!PENDS ON A VAl!ElY OF FACTOlS, INCLUDING THE SI%E. SHAPE A.~O 
D!.'iSlt"r or M PAP-.TICL£S tNl\AUl) AN'D tHE CllEMlCAL rOlU(. 

CHJtONIC aPOS1J'l!- NO CLINICAl. 11..l.\U:SS HAS !EEN ATTlUUTED to t.ONG-TE!."f 
I~ALLY D£POSITED PLUTONIUM AS A RESULT OF OCCUPATIONAL EXPOSL~£t ~iD 
A KOItTAUT"l snmY OF 224 PLU'l'ON'Z"'.J!1. 'Woaxns HAS SMoW NO EXCESS DEAtHS 
FROM A1fY CAUS!. LONG TEJUtl txPOS1..'1l£ OF P1.TJTONIUK OXInE TO COGS p.ISUI.:r!o IN 
R.A.DIATION PNEllKONlttS, PUt..KONMY FI!lOSlS, ANt> DEATH nut to RIKARY 
1I1OPt..U 1A. 

SEE neE roWYING SECI'IONS U(iAJU)ING A.OvtRS! InlCTS nOM EXPOS'JI.£ TO 
-ALlHA 1W)IATION. 

ALPHA I.I.DIATIOlf: 
AC'lJTE EXPOS~· ALPHA AADu:r%ON 'IS DENStLy IONIZING ~!H VElY HIGH £NIllCY 

AND lllLL lULl- C!US IMK!l)IAl'ELY ADJACENT TO THE SOUIlCE OF CONTACT. DA.'L\C!~ 
CELLS KAY NOT l!COvu. 01 8! g'AtUD. ALPHA D!1T'I'!llS KAY 0,. liAY NOl aE 
ABSOUED. DIPb'DINO ON THI SOLt7!IUTY AN!) !ART1CU stzt. INSOUJ)U 
COMPOUNJ)S MAY IlEMAIN AT OIl NEAR THE SIt! OF DEPOSITION, ~l) SOLuau 
COfUtOtJN!)S KAY RAPIDLY MEl THE BLOODSTllEA..'i. HE.A.VU::a. PAllTIC1.i.S WILl. IE 
UOUCHT UP TO THE !HIlOAT 1'1 CILIAIlY ACT10N, AND KAY THIN II SYA1.l.OtJ!D. THE 
UGHTElt 'AaTIct.IS KAY IE L01)GED DEU IN THI Al.VE01.A.ll AUt. SACS AND iU'.MAIN, 
nil DAMAOI DUINDS ON HOY QUICKLY THEY AU ELIHlNATC, AND TKI. 
SUSClntBIUTY OF TIll tISSUE IN WICK TJl!Y All! STOUD. A UNCLE LAIC! DOSE 
07 J.A!)u:.tIOR lU.Y LEAD to IADIA'l'lOl SlCJCNISS. 

ClDtO!tIC EUOstJU- 'ftlE unCTS or CHIlC>aIC EUOS'CU IY !NtD.NAU.Y DEPOSITED 
ALPHA 1AJ)U.'t10K IS DIP!NJ),DT 'UPON tHI DOSI ANI) TAlCET Ol<N\N(S). U THE. 
TO"l'AL DOSI 11 SUFP'ICIElrr. IADUTIOll SlCD'!SI MAY OCCUl. POSSIBLE DlS01U>ERS 
IHC'U1'1)1 l.lmC CANeD, 5'1'IlIUtT, ANI'Jf%A, I.ETJKlKIA. OIl aONE CANcm. 

lA1)UTlOlf SlCDDS 
nr! S"O!!!"tCllS OP J.AJ)lATIOli 51 ClCNISS AlU D!P!NTJ!NT UPON 'I'KE DOS I , noSI 
RATE. AI.b or tBI IODY An'Icrc AlCD tHI '1'IK! AF'l'EJl EXPOSlJU. RADIATION 
SIacnsS KAY 1I.m.,'! FlOK IITEMAl. OR IXtERNA1. SOUlC£S. AND ACUTI 01 CHRONIC 
EXI'OSllU. tHE 'l'O'1'AL DOS. I.!.CUVD IS TH! DI'1'IRHINlNC FACTOI.. 
R.A.DtATlotf 5IClNUS HAS .TH1U (3) CUAILY DUINC n'NDJt0K!S: THI 
H!MATOlOl!TIC, THE GASl'lOINTISTltW. AND THE CEJEIPAL S"mDRQKIS. 

THE H!MATOJIOImC SYlft)J.OMI: THIS S'YNDaOKI HAY OCCt1l WEN DOSAGIS or 200 TO 
1000 RADS AU I.!CIIV&'D AS A 'JHOU BODY 1>OSI. 1'1' IS ClWtACTD.l%C IT 
ANORIXIA. AlA'rItY. llAUSIA AJfl) VOKITINC. AND HAY BECOME )I.AXlKAl. VITHIN 6 TO II 
HOvas AJ"T!1t.lUOS'UU. IYKPTOKS TIlD mIll)!. so THAT 24 TO " HOUIS 
ArrEI !X.IOSUI.I THI SUlJICT IS AS~OKATIC. DUlING THIS PElIOD 0' APPARENT 
WEU. • .alING, THE 1."tHPH NODU, S'UP AN!) lONE KAlUlOV .IGIN TO A'l'lOPKY. 

a..L 



!'HIS Al"ROPKY IS 'mE UStn.:: OF 2 DUTIser PROCESSES: DIlle": 
KI:':'INC Of RA.CIOSE.'~SI!!Vi CEL!..S AND INMII!!!ON OF NE"J CEU. PR.CCt;C:i'~:~, :!~ 
!HE PtlIlHlRAL BLOOD, LYMlHOP~~:A COHML~CES IMMEDIATELY, aECO~!Na MAXr~~~ 
':JlTHIN 2_ TO 36 MOUltS. NETJ"'IltCPEN:A DEVtl..OPS !'lORE SLOWl.Y. TKROK!OCI'1'OPS:~:l.~ 
KAY IE PROMINENT qtTHIN 3 to 4 WEEKS. IF THE iONE KAllOY OEllISS!ON 
PROCRESSES to A ClITICAL I.E\1n SUCH THAT TNE VICTIM IS NOT AlU TO St,\fO 
S'UFFlC1Drl' NmmIllS OF GJ.A.N'U1.CC'f'!'i.S ANI) TRIlOK&OCYl'ts TO niE CIJ.C'Ul .. ..-tING 
ALOOn, DEA%K FROK OVERWHE~~ING INFECTION HAY OCCUR. 

n!'E GASntoINTESTINAl.. SYNtllOME: nus swoaOME OCCLilS WHEN 1+00 OR. MOllE ~s 
ARE RECEIVED AS A 'ilHOLE !ODY ~OSE. IT IS CHA.P.ACTD.'IZ!.D &Y INTRACTABLE 
NAUSEA, VOMITING AND DIARlHEA THAT HAY LEAD TO SEVE!! DEHYDRATION, & 

Dl!'l.!NlSHED !>LASMA VOLL"M!. VASC"JLAR. eotJ.APSI AND DEATH. 'I'lIE GASnOINT£STI!-lAl. 
sn~llo~ l.!SUl.:rs FROM THi INITIAL "TOxtKU" DUE TO NECROSIS OF TISSUE AND 
15 P!1P!TUAtn IY PltOGUSSIVI ATROPHY OF THI GAS'tlOINnSTlNAI. ~COSA. 
l.;"1.TlMATIL'Y THI IN'T£STtNAL VILLI AIlE OENt.TOED t \JIm HASSIVE LOSS OF PLASMA 
IN'l'O TH! INTISTINE. R.!G!NDAIION OF INTESTINAL. EPITHELIAl.. CEl.I.S MAY 8E 
POSSl!LE AnD. LAl.G! DOS!S OF lADIATION; HASSIVE PUSHA UPLACF.M.E.N't AND 
ANTIBIOTICS DUlING THE FIR.ST - TO 6 DAYS HAY KEEP THE PATIENT ALIVE UNTIL 
!HE EPITHELIUM R..!GE.N1P..A'I'ES. HOilEVER. [vE.~ IF THt PATIENt SlJ'RVIVES, tHE 
RESPITE KAY IE TIMPOJ.AAY. SINCE HEKATOPOIlTIC FAILUll! HAY ENSUE. COMHE..t.:CI~:G 
\JlntlN 2 Oil 3 "'~w. 

VIm ActrrI TOTAL !O'DY llAl)IATION DOSES OF >600 R.AJ:)S. HEMAtOPOIEtIC 01. 
CASTllOINT!StlNAl.. HAU'U'NC!lON HAY!! FATAL. WITH RADIATION DOSES or <600 
M.DS, nm POSSIBILITY,OF SlJRVIVAl IS :NVWELY RELAtE!) to THE TOTAl. DOSE. 

nil: CD.EIRAL Si."N'DlOHl: THIS S'YNt)lOME IS PlODUCED &Y EX'l'KEKEl.Y HICH TOTAl. 
aODY DOSES OF RADIAtION. USUALLY >3000 lADS. AND GENtRALLy GAUS!S 
DEAtH. It CONSISTS OF 3 PHASES: A PlODlOKAL PElIOD OF NAUSEA AND VOMItING; 

.: 

THJ:.M-LISTL!SSnSS AND DaowSlNESS WGING nOK APAtHY TO PROSTRAtION. • 
POSSIaL'Y CAUS!!) BY NON .. lACTEalAL INr.....A.HKATION FOCI OF tHI BAIN OR THE 
EFFECTS or RADIAT10N .. INDUCED tOXIC PRODUCtS; AND FINALLY, A MOlE GENtlALIZ~u 
COKPOlf!NT C!WU.CTER.IUD ay 1'I.EK0U, CONVUt.SIONS, ATA:Z.IA Am) DEATH llITHIN A 
FEW HOUU. 

OTHEl Acun UTlCTS: 
'I'll! SClC IS MOl.! SUlJICT TO R.AJ)lAtIOH ID'OSUR.E £SPtcIAlJ,.Y TO lETA OR. X-RAYS 

THAN otHD. TISStT!. A SLIGHT !'XIOSUU CAl USULT IN ERYTHDfA. CHA.-.;QU IN 
PIQKDTATIOII t UILAtlON I ILIST!lUlIO. RCIlOSlS I ANI) ULCDAtlON. TO GONADS 
A1lI ALSo PAltICO'LAllILY JAZ)IOSENSITM. It. SlNCU DOSE OF 30 R.A.nS RESULTS IN 
TEMPOllAJlY STD.ILITY AKONG 1!t!N. D1 llOK!R t LOSS" or fDTILI'n IS INnlCAt!O BY 
LOSS or HENSTROATION. TB! IYES ARE ALSO VERY RADIOSENSITIVE; A SINCLE DOSE 
OF 100 L\l)S HAY CAllSI COrutnfct1VITlS Am) KIIA.'11'1'lS. 

DElAY!]) Oil c:mtaItC EFFIC'fS 0' R.ADlA'1'lON SlClCN!SS: 
ntI l:)!l.AYID IPrlCTS OF lAJ)tA'1'lON KAY II DUE EITHER. TO It. SINca LAl.GE 

OVD.'!'.X70SUlI oa CON1'lN'OlRG LOV· LEVEL OVEllEXlOSURE. AMONG nil DI.LAYm UFEeTS 
AIlE CA.NCD. GDllnC UTECTS. SHOITENI11G OF LIFE SPAR I AND CATUACTS. 

1W)IATIOII·:nmuec CANCD IS olSDVED KOst FUQUINTLY II TH! UHOPOIETIC 
SYSTIX. TKYIOID. lOR. AND SKIN. U'UlCDUA IS AMONC THI 
MOST U1C!LY i'OJtMS OF KALIGNANCY lESULtINC BOK OVD.lXPOSlJU, to TOTAL IODY 
RADtATIOlf. ION'I S!.EKD.S CAN DAKACE THE RADI0SENSItlVl HEKOIOIEtIC TISSUE 
IN THE !Oft MAIUlOW ANt) TH!Y AU. PRODUCD CANCD. WEI IlfJIC'l'D INTO 
1..UOltATOlY ANnw..s IN St1JTICl!NT QUANtIty. LONC TEIK CORTllCUOOS 
RADIOACTIVI HATEIlULS UIIDUG IN THI WNG HAY PlODOCE CASCD.. THE GONADS 
AI.I ALSO rAllTlc:uwlLY R.lJ)IOSINSltIVI. A SINaL! DOSI or 30 WI WULTS IN • 
TIMPOIAlY STDlUrY AKONG MIR. III WOMEN, LOSS OF FEltIUTY IS INJ)tCATED ay 
LOSS OF MENSTRUAtION. 

IONIZING IADUTlON IS lCNOW TO PllODTJC! 4 VARltrY OF TYrIS or CINITIC 

OJ. 
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!!fJtnr.f RANGI~G n.0t( P¢!~ !'!U!ATIONS !O Srn.ili: CHlOMCSCMi ;)A.'iACi S:;CH 
AS StRAND !R&AXAGI. ~~SLOCA!IONS, AND DELETIONS. MV~A!:ONS IS 
SOMATIC CELlS HAY" R!S?ONSI!L!. IN PAaT, FOa THI INITIATION OF ~lOCE~!: 
CANCW. Ir 1'HI GERM 6IW HAVE !!EN AFRcrED, !ME EFFEcrS OF THE MU!An~!: 
NAY !l0. IICOMI APPAllEir mrrlL THE NEXT GEND.AtIOlf, oa EVDt LA'fu, • 

PIRST AI!)· I.IMOVI n.OM 1XP0SUlll A.1l!A TO A I.ESTl.IC'1'EJ) A.I1..I.A WITH FUll{ AU~ 
AS QUIClQ,;Y AS POSSIBLE. IF lUATHINC HAS STOPPED, PUFORK UTIrlCIAL 
I%SPlRATIOW BY ADMINlST!lING OXYCtN; MOUTH-TO-MOUTH RESUSCITATION SHOULD 
II AVOIDED, TO PREVENT [X10SUll TO THE PERSON l!NO!RING FIIST Alo. 
ANY EVIDENCE or SERIOUS CONTAMINATION INDICATES THAT TlIAtMlNt MUST IE 
lNSTlrvtlo, I~~TION or lADIOACTIVE PAiTICtxs ~Y INDICATE THAT OtRtl 
PAITS OF THE aODY llUI ALSO CON'l'AHINAnD. SUCH AS THI DIGESTIVE l'RACT. 
SKIN AN]) EYES. Ii TIKI PEllMITS J WIPE 1'H.I FACE YI"I'H WIT FILTEJ. PAID., FORCE 
COUCHING ANn ltaYlNG or THE NOSE. GET MEDICAL AttENTION IMMEDIATELY 
(INTERNATIONAL ATOKIC ENERGY ASSOCIATION .1, PO.6$), 

!! WAA.'11NG! I 
1"KI VICTIM MAY BE CON'TAMlNATEl) IltTH RADIOACTIVE PAATICUS. THOROUGH 
DECONTAMINAtION SHOULD IE STAAT ED !tF01! THE VICTlK IS MOVtD TO THE MEoICAL 
AlIA. 
A.tfY P!JtSONNEL IN'VOLV!~ IN lU:.NDERING FlUt AID MUST II MONITO"£!) rol. 
IW:lIOACTIVITY ANt) THllOCCKLY D!CONTAHINAl"tO :F N!C!SSAll"t (IAIA -3. PC. 65) . 

. SKIN CONtACT: 
PWTONIUM· 23 9-: 
- ACUTE IXPOSUU .. · P!Nl'rlAtlON THlOUGH KIAl.:nfY SKIN HAS If!VD. aUN gPOR.T!D I 

-- HOWEVER CONTAMINATION HAY OCCUll nm.oUGH laoON SKIN. 
CHlONIC EXPOStJ1lE- NO I)ATA A.VAlLAnl. 

SI! ~I rou.ovlNC SECTIONS llEGAllOING Al)VDSI EJ'l'ECTS noN EXPOSUU TO 
Al2HA M.DIA.TIOlf • 

Al..PKA R.A.DIATIOH! 
ACl.I"T! mosuu:. A.LlHA RADIATIO. IS NOT USUAU.Y AN EXTII.RAL H.U.\1O. HOWVER.. 

LOCAL DAICAGI MAY OCCUI. AT tHl SIT! or A WOUND. AlSOlP'1'lON 01 PENEnATION 
nmOUGH DAMACE%) SKIN KAY USULt IN RADIATION SICKNESS. 

CHllOlilC !X.POSlJU- PllOt.ONCID 01. l.U1A'f1D CONTAct !fAY R.Esut.t IN RADIAtION 
SIClQfUS. 

IADIAtlOl SlClJflSS 
nil CLINICAl. CO'CRSI or IADlATIOII SlCIQCISS DUIlIDI 0JI0l( 'nil DOSI. DOSE lATE. 

AR.F.A or THI BODY An'ICtID AII'D TId ArrD IDOSUU. aTIRKAl. Alft) 
IN'TEUA1. RADlOACTlVITY OF j,lfY TYPE KAY CAUS! R.AJ)lATIOlf SlC1QfISS. 

JW)IATION SlC¥KIS1 HAS tHUI (3) ct.I.AILY DUIN1.D SW'DllOMlS WHICH AU DESclnt!) 
IN OIUIL II THI DftI.ALATIOIL SlctIOli. 

Fl1ST AID· UIt09I VICTnJ TO A sutTAlLI AJ.IA FOR DICON'l'AKINAtION AS QtJ1CKLY 
AS fOsnll.l. lIMOVI ctO'l'BING AN» SHOES llCMEJ)U.tILY. THOlotJCHLY VASH ntE 
VICTIM VIta SOAP-ANI) VAtIl ••• nRC PAlnCtlLAl .ttDTIOli to TH! HIA.O. 
rtNCD. MILS AlU) rAW or ntI Wl)S. UfOB COKPUTION OJ' VASHING. MONITOR 
THI VIctIM FOR lADlOACTlvtTY. It IS l.KPDAtlV1 TH.U THI SID SKotTJ.D II 
DICONTAHlNATI1) AS QUlat.Y AS POSSlIL&. MINOT! 5&111 INJ'UllIS CUAn.y 
tNc:uAS1 THI DAKCD or ISOTO.I PINITIAtION tln'O TIll Vlctl!t: SHAVING SHOutJ) 
NOT 8E An'INPrID. II' VATII AID SOAf HAVE lID INA.1)IQUATI II UKOVtNC 
THI RAJ)IOACUVE COtOOUlI'D. DECONTAMINATING COKPOUNDS -COlfsxmNO or 
SUUACTANTS AND .. SCUENT SUlstANCIS KAY II UF!ctlVE. COM.PL!XING R.!AGENTS 
KAY ALSO BI or USI. THE USE OF OlGANIC SOLVENTS IS TO II AVOIDED. AS THEY 
KAY INCUASI THI SOLJJIILIt"l A.NJ) AlSOUTIOH OF THE WIOACTIV! St1lStANCE. 
m~ CONTAKIJ1Ano. YITH waTlON MAY II AN INDICAtION THAT OTHD PARTS 
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cr nu 50:'( :l.AlJ:: BU.--: EXPt;lS::D C :N:!:"~A!!':!;A:' A 7:~':: ".:;t!:C:' ASS: -- - ~ - ; 
I~EJL~ATIONA~ ATOM!C ~~tlGY ASSO .• 3, PG. 62), 

!! lJJJWINC!! 
CON'TAMIN;..![D C!.Ont!NG MUS! aE STOIt.E~ IN A METAL CON'tAI~o. FOR :..;..:~? 
OECONTAM!NATION 01 ~SPOSAL. THE WATER USED TO '.lASH THE V!C!:~ ~~S! BE • 
STCRED IN K!!AL CONTAINERS FOR LATER DISPOSAL. 
ANY PERSONNEL INVOLVtD IN RENDEa:NG FIRST AID TO THt VICTIM MUST ~£ 
MONITOREL FOR RADIOACTIVITY AND DECONTAMINATED IF NECESSARY (lAtA 84', 
PG.9; IAlA .3, PG.6l). 

E'Y! CON'tACT: 
PU,'!ONIUM· 239: 

ACU1E EXPOSURE· ~O SPECIFIC DATA AVAlLA!LE. 
CHRONIC EXPOSL1UE· NO SPECIFIC DATA AVAIlAiLE. 

SEE ntE TO!..LO\llNC SEC:!O~S tu:GARDINC ADVUSi. tFFEC!S nOM !XPOSURE TO AlPHA 
RADIA!ION. 

ALPHA RADIATION: 
ACUTE EXl'OSt.'U· RADIATION AFFEC!S !HE EYE SY INOUCINC AC'J't'! Utl~'l'ICN 

OF niE CONJUNCTIVA AND THE CORN£A.. THE MOST SENSITIVE PAlT 0; THE EYE IS 
THE ClYSTALlIN! LENS. A LATE EFFECT OF EYE IlRADIATION !S CA!}~C! 
FORMATION. IT MAY aEGIN ANYV'HER! FROM 6 KONTHS TO SEVEMl. YF.A.RS AF'!~a 
A SINGL! txPOSURI. CATARAct FORMATION SEGINS AT THE POSTtRIOI POL! or 
tlfE u..~s. AND CONTI!nJES UN!IL TNE ENTIU LENS HAS BEEN ATFEC'I'UI. aROt.."!H 
or !HE OP~Irl MAY STOP AT A$i POINT. THE ItA!! OF GJlOWT"tI ANn THE DECREr 

'. OF OPACIrl' AIlE DE'Pt.~ENT UPON THE DOSE OF RADIAtION. 
CHRONIC !X.POStJ'R!· UPlAnD OR. PllOLONCEn IXPOSUl! TO ALPHA RAOIATION HAY 

Il£SUl.! IN CA!AR.ACT FOJ."w\TION. AS DESCRI!ED .uOVi.. OF THE WLl.·DOCUMI.NT!~ 
LAT! !FF!C'fS or RADIATION ON KAN, LEUXEKIA AND CATARACTS HAVE BEEN 
OBStlVEn AT DOSES LOutR THAN THOSE PRODUCING SKIN SCARAING AND CANCER oa • 
BONE TUMORS. THE LENS OF 1M! EYE SHOULO BE CONSIDERED to II A CR.ITICAL 
ORGAN. 

RAnIATION SICKNESS 
rHE EYIS ARE VERY RADIOSENSITIVE; A SINCL! DOSE OF lOO lADS MAY CAUSE 

CONJUNCT!VITIS AND KERATITIS. 
IT IS UNLIKELY THAT A DOSE SUf11CIENT TO CAUSE RADIATION SICKNESS WOUlD OCC~~ 

IF ONLY TH! EnS tJD! I1UVJ)UTm, HO'JEVElt. IF m DAKAGE IY IONIZING 
llADU'I'ION OCCUU. IT KAY II lEST TO ASSUKI THAt 0THE1 P.A&TS OF tHE BODY H.. .. VE 
ALSO BUN CON'rAKllfATID. nMPTCICS 0' RADIATION SlCD!SS All DESaI.ED 
IN THE INlW.ATIOJ SICTtON. 

FIRST AID· IIHOVI VlCTIK TO A l!Sl'RICTID AREA POl DECONTAMINATION. 
THOlOOGHLY lIAS" ms ~'ftI WGI AMOUNTS OF VATD. OCCASIOlWl.'Y UnING THE 
THlUl'U A!fD LOqa uns (UrlOXIMATELY 15 MINUTU). F01.LOVING 1'HI WATEll 
1'It!ATHINT. PlOVIDI AN ISOl'OJIC SOLtlTlOlt. IX) NOt USE 
EYDATHs. lATKB PROVIDI A CONTIWOVS ANt) COPIOUS SUPPLY or Fl.l1lD. 
MONITOR THI VICTIK roa IADlOACTIvtTY. IF AC'UVI'tY lS '115M t UVASH THE 
ms. AND UKONITOJl mrrIL UTtU 01 NO IIJ)IOACTtvtTY IS Rum. GET 
KlJ)ICAL AtTlNTIOJI IHKIJ)IAl'ILY (:tNTD.NATIONAL ATOKlC ENDCY ASSO •• 3. PC. 6S: .7. ro.35). 

II WAamNCI f 
ANY '-lATEl OSED TO \lASH THE VICTIMS ms MUST BE STOlW) IN A KETAl. 
CON't'AIND POa LATER DISPOSAL. ANY OTHD .utTICLES THAT A.U USEl) TO • 
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D&CONTAKlllATE TftE VlC"rIK MUST ALSO U S::UD IN ~.z:At. ':ON7."'.lNt..'I!.S F~R :..A:!... .... 
D!CONTAHIlIAttON oa DISPOSAL. 
ANY PIRSONHIL INVOLV!D IN RENDERING FlaST AID 1'0 tHE VICTI~ ~ST at 
MONITORED '01 RADIOACTIV!'1"l AND DECONTAMINAtED IF N'ECESSAP.Y (tAU -3 I 
PO.65; "'. ".35) • 

IHOUTIOM: 
Pt..tJ"toNItIK. 23' : 

ACUTE EXPOSaRI· IN!tSTINAL AiSORPTION IS VIATOALLY ZtlO; 0,003' FO~ SOLUS~E 
COKPOt.:rN!)S AND 0, ; ::01\ FOR INSOLUBU COKPOUNDS. 

CHlOM'IC EXPOStTRE. ::0 DATA AVAIUlLI. 

SEE nil roUOtJING SlC'!IONS UCARIlING Al>VWI EmeTS FROM tXPOStmE TO 
A.l.lHA lLAJ)tATION. 

A.I.J"HA JAl)tATION: 
ACL~ EXPOSURE- TH! FAT! OF INGESTED AlPHA EMITTERS CEPENDS ON THIIR 

SOLUBILITY AND VALENCE. HtGH DOSIS KAY L!AD TO RADIATION SICKNESS AS 
DESaI I£!) III I!lHAlATION maSUl!. 

CHltONlC !XPOSU'Il!. U!EATtO !NCEST!ON OF ALPHA EMIT'I'ZRS I1AY LEAl) TO R.A..OIA::ON 
SICKNESS AS DISCllI&D IN INHAlATION EXPOSUl!. 

RADIATION SICKNISS 
TH! SYKPTOKS OF IADtATlON SICKNESS DEPENDS UPON THE OOSI RECEIVED. IT MAY 

R.I.St1LT nON ACUTE 01 CHIlOllIC EXPOSURE TO IJri FORM OF 1W)IAttON. tHE S~TOMS 
All D!SaulED 1ft 'nI! INH.tJ.ATION SICTION. 

FIlST A~~: IN TR! CASE OF INCESTION OF RADIOACTIVE SUBSTANCES, tHI MOUTH 
SHOUL.: !E lINStD OUT IK!W)tAT!I..Y A.FrD. 'tH1 ACCU)ENT, CAlli !!lNG TAXU NOT 
TO SW'A, .. ....ow tu VA'tU OS£I) FOR tHIS PUltP()SI. VOMITING SHOULD II INDUCED 
EITHD. KECHAMICALLY, 01. ~TH SYJlUl or 11'ICAC. .00 Not Il1DlJel VOKITlNG W 
All wcauClOUS paso". LAVAGE KA.Y II USU'Ul.. CARl SHOUlJ) II TAICIN TO 
AVOIl) AS'tIATIOI. nrI VOKITOS ANI) UVAC& J'l.UIJ)S SH01J1J) II SAVED FOR 
EXAKI!fATION ANI) MO!lITOJlINC. FTJlTHD AC'l'ION DUENl)S ON THI NA'rtIU OF !HE 
l\ADlOAcnVl su.STANCI. GET latIICAt. A'nENTION t.HK!J)lATELY (INTEllNATtONAL 
A1'0Il1C !KIIGY ASSO •• '. PC.': .3. pp.!' .AJU) '6>. 

I "'Al.lt1lC' I 
THI CA.STaIC PUTtDS A!ft) rt.UIDS OSIl) FOI lAVAGE tWST al STOlID 1.5 K&TAL 
COR'tAlNIU FOR u.TII. PISIOS.u.. THI VICTIM MUST .1 KClfITOUJ) roa 
lADlOA.CtIVITY ANJ) DICOftAMlKAnD. X, N!CISSAl.Y. lIFO&.! allNG 'rIWlSPOl1'iD TO 
A KlJ)ICAL fACII-In. 
Alf't P!llSOlMIL DIVOLVD m J.DI1)D.IlfC nut AID TO nm VIC'l'IM M'JST !t 
KOIIlTOI.IJ) lOa lADlOACTtVtTY AND t>ICONTAK1MA.TEt) If NlCISSAJt.Y (lAEA _'. 
PO.'; ." PI. 5. AID 66). 

1Jrr1notl: , 
!'OR PUJ'ICiIIW JlOlSQ'DG: 
eM o. ~ GI.Alt at tU CA1.CttIK SALt or 
Dl!'l'HYLERlTl.tAMIIIUC 1'AACITIC ACID (pnA) Dturrm IN 250 KL or PHYSIOLOGICAL. 
SALIn GIVER IY SLOW Ilr.t'IAVDOUS INJECTION. (lAIA SAFETY saIlS ~7). 

1'01. I1GW.Al'IOil CO!I'UKlMTIOI: 
PlDA.U All CA.·I>TrA A.II.0S0t. netlDIAt!t.y OSING A CA.-DnA AMlUtI IN A 
c:oNVIlr!'lOlW.. CDIL\TOI oat ftIFEItAIJ.Y. A CAPSUU or KIClOltIZID C."DTtA IN 
A CIIt1:IATOI. PIlO'DUCIMC AlC I.DOSOL 0' stJltAlLl 'Al.TlCU SID. AlQ) AUlAYS INJECT 
0.5 C or CA-D'I7A IN'l'IAVI!fOUSLYj l't1IJtOltAlY LAVAGE SHOtJtJ) BI CONSIl')1lED BY 
qw.uP'11'D Kll)lCAL ,a.sONNIL. (UIA SArm snIU .-47). 

OJ. 



YO. CONTAKIN~!iD ~ot~n: 
!NJ!C~ CA,.!)TPA r~R.A·':t..'JOUS1.Y M"D wASH T.'iE. UOt.~!:) w':AU."i :';1!~ ~ co:-;ct!rrR.:":::'J 
CA·~TPA SO~4:0N CNE ~W~~); POSSIBLE S1~GlCA~ RL~OVAl OF rrlE ?~~-rO~lt.~ 
:s THE ~UND SHOULD ONlY BE CONSIDEREO BY QUALlr:£D M!DI~Al. PERSONNtl.. (lAtA • 
SAntY SD.I!S ",) . 

•••••••••••••••••••••••••. _ .•••••••..••••.•••••••••••• •••••••••••••••••••..•. w. 

REAC'I'IVIl'Y SECTION 

~E.A~lVl!Y : 
MAY rOb rtROP\lOlIC PR.OOUCTS ON EXPor .. 1\! oro AIR. A.NO MOts'I'tl'1lE WHICH MAY 
PRES~~ A FIRE ~ ~lTH SUBSEQUENT SrREAD OF RADIOACTIVE MATERIAL. 

INCOKPATl)ILITI£S: 
PU"!ONI1JH : 

CAlION TttlACHL01IOt: KAl IGNtTI 01 EXPLODI. 

D!COKPOSITION: 
Pl.O"!'ONlUM·l39 OECAYS TO lVJ)ICJ.CTIVE "!J'!ANI" .. lM·235 \llTH A HALF·tIFE OF 24,000 
YEAJtS. 

POt."lMD.lZATtON: 
HAZ.AJU)OtJS POL!M£1lIZATION HAS NOT BEEN UPORTED TO OCct1l tJNt)£& NOlKAl. 
!DODA l'UIl!S AND PUS SUIlES . 

........•...........••.....•.........••....••.••••••••••.••••...............•.. 

STOlACE-DlsroSAL 

OBSERVE ALL FEDtlAL. STAT! AND LOCAL REGULATIONS VKEN STCaING 0& DtSPOSINC 
OF TH1S SU)STANCI. roll A.$SXSTANCE. CONTACT THE DUnlCT DtR.ECl'OJl OF THE 
ENVllOHH!N't'Al. PR.OTICTION AGINCY. 

STeU IX AC~C& WITH 10 eft 'Alt 20 • 

.. DISPOSAl. ..... 

.DISPOSAL M'CST .. IN ACCOIUW1CI VI'l'H 10 Cft PUTS 20 AICD 60 • 

............•••.••.................•....•..........•..••...•....•.•.....•...... 

CONDITIONS TO AvotD 

KAY IUU lOT DOIS NOT lImIT! UADILY. AVOID DISPIUIoif OF l)OST IN AU. 

CAll! MUST II TAKEN IN no: HANDI.UQ OF PLUTONIUK TO AVOIl) tJNINTD1TtONAl.. 
FOlKATIOR Of A catTlCi.L MASS. n.uTONtUK Itt UQUID SOtll't1'ONS IS KeU Aft TO 
I£CQIU antc.u. THAH SOUD PI..l1fOIflllN. 

..........................•.••....••.•..... _ .................•••.........•..... 

S0'd OJ.. 
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S PILLS AN:) tlAJtS 

OCCUJATIO~·SPILL; 
DO NOT TOUCH DA.'lACEt) CONtAINERS 01. SPIlJ..El) MATL'll:AL. DAMAGE TO otnt., 
CONTAINER KAY NOT AFFECT FRlKARY !NN!l CONTAINER. F01 $~ LIQUID S'tLlS • 
TAXI Ul' \lITH SAND, EAR.'IH 01. 0THiR. A.lSOlJENT KATD.lAL. roa. t..Al\CI SPIW, DIRt 
FAIt AKIAr> OF SPILl. POR UTEI. DISPOSAL. UE' UNN'EC:ESSAllY PEOP1.I AT Ll.AST 
1'0 FEET UP\llND; CREATta DISTANCES KAY aE NECISSAlY IF ADVISED IY QUALIFIED 
Jt.Al)UTION AtmtOIJ.TY. Isoun HA.Z.\ltJ) AllEA. AND DENY EN'TlY. ENTER. SPILl. ItAV. 
ONLY TO SAV! LlFE; LIMIT ENTRY TO SHOltEST 'OSSIBLE TIKI. DETAIN UNINJURED 
'U.SONS AND !QUlftlENT EXPOS1%) TO R.A.DlOAC'!lV£ HATEl.lAl UNTIL AlUlIVAl OR 
INStlUCTION OF QUALIFIID RADIATION AUTHOIITY. DELAY ClIANUP UNTIL ARlIVAL 
OR INSTlUCTION OF QUAlIFllD RADIATION AUTHORITY. 

,.-

....•..... -..................•.............•...••.....••........ _ .......•...... 

PROTECTIVE EQUIPMENT SECTION 

VENTI LAn ON : 
PROVIDE LOCAL EXHAUST 01 PROCESS INCLOSURE VENTILATION. VENTILAtION EQUIPML~T 
KUST II !XPt.OS ION· Roor. 

ON! Ml'!'HOD OJ' C:ONTROWlIC llCTE'lI.NAL lAJ)IATIOM EUOS'UU IS TO PROVIDE ADEQUAT! 
SHI!u)Il'G. THE USOUING KATOW USl'J) AND THI THICKNUS UQUIRED TO 
AT'I'!NUAT! TH! lA.DUTION TO AeC!PTUU L.EVW l)EPENl)S ON THE Ttl! OF 
RADIATION, ITS IHtRGY, !HI FLUX AND TH1 DtKENSIONS OF tHE SOURCE. 

A1.PHA P.u.TICI.!S - FOil '!HE ENElGY P..A.NCE OF ALPHA PARTlew USUALlY ENCOUNTERED, 
A n.A.C1'ION OF AMI!..: -EI. OF ANY. OlU'JlNAR.Y ttATllIAL IS SUFFICIEN'I Foa 
AlSOItUNC!. THIN RlJ3~. "Cl.Yl.IC. STO'DT PAPD., OR CAlU)IOAB.D WILl. SUF'FICE. 

:anA PlJltlCt.ES .. IrtA PAl\. :S All MOl.! JtNltltATINO TIt.AN A1.PHA, AND llEQUIllE 
MOR! SHEILDUI'G. MAtttIAJ...... -Jl'fPOSED MOSTLY OF EL!KENTS OF toy AtOMIC N'tJM.a£R 
SUCH AS ACRYLIC I ALUMINUM r_~D 'IHlot Ruum AU MOST APHOftlATE FOR 'tilE 
AlsoutION OF anA PAIlTlCUS. FOR EXAKlLl. lIlt INCH OF ACl.Yl.IC \lILL 
A.!soQ AU. BEU PAlTICL!S UP to 1 K!V. WItH HIGH I.NIltGY lETA RADIATION nOM 
l..AI.GE SOottc!:s, 'R.lMSS~C (X JAY ftODUC'tION) CONTlII'DTlON MAY BICOME 
SIGRIFlCANT AND IT KAY I' KtC!SSAaY to,PROVIDI ADDITIONAL SHEILDlNG OF 
HIGH ATOKle WIGHT tlA1'DlAL. SUCH AS ~, to AT'l'!NOAT! THE IUKSSt'R.AHl.t.TNG 
J.AZ)XATIOR . 

GAMKA MYS- tHZ MOst SVIT.UtI KATUu.u FOI SHI~ING GAISKA lADU,tlON 
All t.L\D AlI'D ll.OIr. '1'H! 'ftllCDIISS UQ1JlU.l) \Tlt.l. DIP!lQ) ON WlntD tHE SOt."lCE 
IS PRODUCING NA.U.OV OR UOAD .&AM IADIATlON. nllWtY AN7> SICOND,...' 
ft01'IC'rlVI IADIDS KAY II UQUIW to It.OCK AlJ. itA.DIAtlOli. 

USrlIATOR: 
THESI l.!COHKIIIDID W'UA'tOU SHOUtJ) ftOVIDE PJ.OT1CTION roa. THE USPIRAT01\"i 

TlACT AGl.tnT HOST or 1'HI IADlOAC'tIV! PAa'IICW ENeotl'NT£IW) IN THE WOR.K 
'LAce. 'IllES. W'IlATOU VILL NOT OFFEll PI.O'IECTIOlf .\CAINST lETA AND GAMMA 
J.Al)XATION, rot KAY Il.O(Z ALlHA JlAlTICW. me»! loeruo .103 Al'EN1)IX A. 
1t!SJlIIATOlY IQUlPHllft M1JST II CEltlnm IV lflOSH/KSHA. 

TYPE 'c t SUPPUIl)-A-tl I.ISrIltAtoR $lInt A ruu. FACUIICI OrllATED IN 
PIl.!SSUU·D!:MA.NJ) OR cmra POSITIVI PlESS'UU MODE OR \lItH A FULL FA-CIPlEei. 
KEt.K!T OR. HOOD O,IIATID 11 CORnJOUI· n.ow IIODI. 

, 
SILF -COln'Altm) DlAtHI!fC Alt.I.JA'l'US Vltll A ruu. rACUl&CZ O.DATBD IN 

PUSSllU·D£KAN1> oa OTHII tOSlTIVI ftUS'tllI NODE • 

1'01 FIllUlMINQ AND OTHU tJIME1)XATILY WGD011S TO un OR H!AUII CONt>tTIONS: 

O.L 



SELF·CONTAINED JRZATKINC AlPAAATUS WITH FV~ FACElI!C! OPEAATE~ !N 
PllESSt.'ltE-DiHANl) O~ OTHEI. POSITIVE PUSSi.;aE KODE. 

~PP~IED·AIR lISPllATOI WITH FULL FAClPIECE AND OPERATED IN PR£SSURE'DL~D 
OR OTHER. POSInVl FUSSUU MOD! IN COK.alNATION VITH AN AUXIUARY 
SEI..F·CON'TAINm )R.!A1lfINC APlAJI.A'I'US OPERATED IN PRtSSt1P.!·DEMAND OR OTHER 
POSITIVE PkESSOl! MODE. 

DlPOSABL! CVUCANi!Nl'$. INct:cJ:)ING H!AD CCVDINCS Am) FOOT COVERINC. SHOl1L.O IE 
~.-oaN BY .AJ:ri !KPUT{E! ENGAGE.D IN HANDLING Alf'{ RA.DIACTIVE SUJST&~el. THES! 
GAR . .'iEN'rS ARE ALSO R..!COliKENljEl) E'V!N IF 'mE EKlLOYEE IS 'WORKING W'lTil A "GLOVE 
)OX" COt.1'A1NMEm: SYSTtK. CERTAIN CLOTHING FIBERS KAY .1 USEFUl. IN DOSlKln:.-
SO CLOTHING SHOt.l'l.1) BE KEn. 

IN THE EVE..'''! OF AN ACCII>£m'. LAllGE SCALE RtLEA.SE OR A LAllC! seAl! Cll.AN·i3P 
rou. nOTiCTIVE CLOTHINC 'WILL IE NECESSARY. 

GlOVES: 
EKPLOY!E K'UST ."tAI, AlnOntATE PROTECTIVE GLOVES TO PltEVENT CONTACT .I1'H TH!S 
SUJSTA.'C! • 

VAlUlINGI 
USC CLOVES KAY nESINT A R.AI>lATlON HAZARJ) AN]) SHOt.l'l.1) BE DISPOSED OF 

AS IAJ)IOACTIVI VAStl. 

E'YI PlOTlCTION: 
EKPLOYEE Kt1ST vtU AlPlOPlIAT! En PilOTECTION THAT WILL KOT ALLO\J TH! • 

Ih"T.ROI)t7CT:Olf or PAllTICUS IlIt"TO THE !YES. CONTAct LENS!S SHO'l.l'lJ' NOT BE !JOW. 

CLOT'KING, ct.OV£. AND EYE n.onrnoB !Qt7IPKINT VUJ.. PlOVIDE PROTECTION 
AGAINST ALtHA PAlTICLES. AND SOME PROTECTION AGAINST BETA PARTIC~S. DEPENDING 
Olf THICKNlSS, BUT \JILL NOT SHl!IJ) GAMMA IADIATION. 

AUTHOkIZtD IY· OCCVPAtIONAL HEALIH SElVICES. INC. 

Cl!ATION DATI: 03/09/89 lEVtSION DAtE: 04/12/90 
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ANNEX IV: RECORDS MANAGEMENT PROJECT PLAN 

1.0 Introduction 

The Records Management Plan (RMP) for the Environmental Restoration (ER) 
Program at Los Alamos National Laboratory (the Laboratory) is described in 
Annex IV of the Installation Work Plan (IWP) (LANL 1991, 0553). The purposes 
of the RMP are to meet the requirements for protecting and managing records 
(including technical data), to provide an ongoing tool to support the technical 
efforts of the ER Program, and to function as a support system for management 
decisions throughout the existence of the ER Program. 

In the ER Program, the following statutory definition of a record [44 USC 3301 
(ref.») is used. 

Records are defined as " ... books, papers, maps, photographs, 
machine-readable materials, or other documentary materials, 
regardless of physical form or characteristics, ... appropriate for 
preservation ... because of the informational value of the data in 
them." 

The RMP establishes general guidelines for managing records, regardless of 
their physical form or characteristics, that are generated and/or used by the ER 

• 

Program. The RMP will be implemented consistently to meet the requirements • 
of the Quality Assurance Program Plan (Annex II of the IWP) and to provide an 
auditable and legally defensible system for records management. Another 
important function of the RMP is to maintain the publicly accessible 
documentation comprising the Administrative Record required by the 
Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 (CERCLA). 

2.0 Implementation of the Records Management Plan 

Chapter 2 of the RMP describes the implementation of the records 
management program. Records management activities at Operable Unit (OU) 
1144 will follow the guidelines summarized in that chapter. As the RMP 
develops to support OU needs, additional detail will be provided in annual 
updates of the IWP. 

The RMP incorporates a threefold approach based on records control and 
commitment to quality guidelines: a structured work flow for records, the use of 
approved procedures, and the compilation of a referable information base. ER 
Program records are those specifically identified in quality procedures (QPs). 
administrative procedures (APs), standard operating procedures (SOPs), ER 
RMPs; management guidance documents, or records identified by ER Program 
participants as being essential to the program. Records are processed in a 
structured work flow. The records management procedure (LANL-ER-AP-02.1) 

T A-49 Operable Unit RFI Work Plan IV·2 May 1992 
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governs records management activities, which include records identification, 
submittal, review, indexing, retention, protection, access, retrieval, and 
correction (if necessary). Other procedures, such as LANL-ER-AP-01.3, LANL
ER-AP-01.4, and LANL-ER-AP-01.5, are also followed. 

Records (including data) will be protected in and accessed through the referable 
information base. The referable information base is composed of the Records
Processing Facility (RPF) and the Facility for Information Management, 
Analysis, and Display (FIMAD). RPF personnel receive ER Program records, 
assign an ER identification number, and process records for delivery to the 
FIMAD. The RPF will complement FIMAD in certain aspects of data capture, 
such as scanning. The RPF also functions as an ER Program reference library 
for information that is inappropriate either in form (e.g. old records) or in 
content (e.g., Federal Register) for storage at the FIMAD. FIMAD provides the 
hardware and software necessary for data capture, display, and analysis. The 
information will be readily accessible through a network of work stations. 
Configuration management accounts for, controls, and documents the planned 
and actual design components of FIMAD. 

3.0 Use of ER Program Records Management Facilities 

The Environmental Restoration Program's RPF and FIMAD facilities will be 
utilized for management of records resulting from the conduct of work on 
Operable Unit 1144. Interaction with these facilities is detailed in LANL -ER-AP-
2.01, Annex IV of the Installation Work Plan, and other Program procedures and 
management guidance documents as appropriate. 

4.0 Coordination with the Quality Program 

Records will be protected throughout the process, as described in Chapter 4 of 
the RMP and in LANL-ER-AP-02.1. The originator is responsible for protecting 
records until they are submitted to the RPF. The level of protection afforded by 
the originator will be commensurate with the value of the information contained 
in the record. Upon receipt of a record, the RPF will temporarily store the 
original of the record in one-hour, fire-rated equipment and will provide a copy 
of the record to the FIMAD. The RPF will then send the original record to a dual 
storage area for long-term storage in a protected environment. 

5.0 Coordination with the Health and Safety Program 

Chapter 5 of the RMP notes two exceptions to the records storage process. 
The Laboratory's Occupational Medicine Group (HS-2) will maintain medical 
records because of their confidential nature. Training records will be 
maintained by the RPF in coordination with the Laboratory Training Office (L TO) 
within the Human Resources Development (HRD) Division. FIMAD will only 
contain information about the completion of training, the dates of required 
refresher training, and the location of training records . 
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Coordination with the ER Program's Management Information 
System 

Specific reporting requirements are ER Program deliverables and, as such, are 
monitored through the ER management information system. Records resulting 
from the conduct of work on operable units contribute to the development of the 
deliverables. 

7.0 Coordination with the Community Relations Program 

RCRA and CERCLA require that records be made available to the public. Two 
complementary approaches are being implemented: hard copy and electronic 
access. A reading room allows public access to hard copies of key documents. 
A work station and necessary data links are being prepared to allow public 
access to the FIMAD data base. 
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Environmental Restoration," Revision 1, Los Alamos National Laboratory 
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ANNEX V: COMMUNITY RELATIONS PLAN FOR OPERABLE UNIT 
1144 (TECHNICAL AREA 49) 

1.0 Overview of Community Relations Plan 

The Community Relations Plan specific to Operable Unit (OU) 1144 (technical 
Area 49, or TA-49)follows the directives, goals, and regulatory requirements set 
forth in the Community Relations Program Plan in Annex V, Volume 1 of the 
Installation Work Plan (IWP) (LANL 1991 J 0553) for Environmental Restoration 
(ER). This annex details the community relations activities for OU during the 
Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI). 
The activities are based on current knowledge of public information needs and 
resources available to the Los Alamos National Laboratory (Laboratory) ER 
Program Staff. 

As shown in Figure V-1 J public participation is required by regulation during the 
corrective measures study (CMS): therefore, the Laboratory will provide 
opportunities for public participation during the five-year RFI process as detailed 
in this annex and illustrated in Figure V-2. The Hazardous and Solid Waste 
Amendments (HSWA) module of the Laboratory's RCRA Facility Permit 
requires that the following specific items be addressed in the Community 
Relations Plan: 

• 

• 

• 

• 

• 

Establishing a mailing list of interested parties; 

News releases, fact sheets, approved RFI Workplans, RFI final 
reports, Special Permit Conditions Reports and publicly 
available quarterly progress reports that explain the progress 
and conclusions of the RFI; 

Creation of a public information repository and reading room 
with updates of available material; 

Informal meetings between the public and local officials, . 
including briefings and workshops as appropriate; 

Public tours and briefings to address individual concerns and 
questions; 

• Quarterly technical progress reports during the RFI process for 
the Administrative Authority; and 
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FigureV-1. Regulatorily Mandated Opportunities for Public Participation 
During the RCRA Corrective Action Process 
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Figure V-2. Opportunities for Public Participation During the TA-49 OU RFI 
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• Procedures for immediate notification of the San Idelfonso 
Pueblo or other neighboring affected parties in the event of a 
newly-discovered off-site release which could potentially affect 
them. 

These items are addressed in Sections 2.1 through 2.6 of this plan. 

All information concerning ER program activities at OU 1144 will originate with 
or be provided to the public through the community relations project leader as 
follows: 

Community Relations Project leader 
Environmental Restoration Program 
los Alamos National laboratory 
2101 Trinity Drive, Suite 20 
los Alamos, New Mexico 87545 
(505) 665-2127 

2.0 Community Relations Activities 

The following is a brief description of community relations activities to be 
conducted during RFI activities at the TA-49 OU. These activities are designed 
to address key concerns identified by the TA-49 OU team and IWP. The scope 
of each activity is flexible and can be tailored to respond to public information 
needs . 

Because of the proximity of TA-49 to Bandelier National Monument, the 
importance of keeping management at Bandelier informed of the status of 
activities is speCifically acknowledged. 

2.1 . Mailing List 

Community Relations will enhance the ER Program mailing list to include former 
workers at TA-49 and current Bandelier management to keep them informed of 
meetings, activities, and schedules pertaining to the TA-49 OU. Furthermore, an 
informal dialogue will be maintained with the management at Bandelier National 
Monument to complement the mailings and provide a faster means of response. 

2.2 Fact Sheets 

The Community Relations Office developed a fact sheet that shows the TA-49 
OU and the location of its SWMUs, and that summarizes site history and use, 
known contaminant's of concern, and planned activities (see Attachment 1 to 
this Annex). The initial fact sheet was distributed in June 1991 and revised in 
May 1992. Updated fact sheets will be developed as public information needs 
change and progress is made. A map showing SWMU locations at TA-49 will be 
available for public review in the ER Program's Public Reading Room . 
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2.3 ER Community Reading Room 

As they are developed, documents and data associated with the TA-49 OU, 
such as the RFI Work Plan, quarterly technical progress reports, the RFI report, 
and other reports, will be available to the public at the ER Community Reading 
Room at TriSquare, 2101 Trinity Drive, Suite 20, in downtown Los Alamos, from 
9 a.m. to 4 p.m. on Laboratory business days. A copy of the TA-49 OU RFI 
Draft Work Plan will be available at the reading room in May 1992. 

2.4 Public Information Meetings, Briefings, Tours and Responses to, 
Inquiries 

Once initial information has been gathered and a specific mailing list developed, 
there will be public information meetings held in Los Alamos to introduce the 
public to forthcoming activities described in the work plan for the TA-49 OU. The 
T A-49 OU Project Leader, with the assistance of the Community Relations 
Project Leader, will present information and respond to questions and concerns 
raised by the public. The Laboratory and Department of Energy plan to hold 
quarterly public information meetings to discuss specific activities and 
significant milestones during the RFI. Tours will be conducted for int~rested 
parties upon request. 

If a limited interest issue of concern is raised at a public information meeting, it 

• 

may be necessary to hold a special briefing or to respond on a one-to-one basis • 
to the inquiry. These inquiries will be coordinated by the Community Relations 
Project Leader and the TA-49 OU Project Leader. 

2.5 Quarterly Technical Progress Reports 

As the TA-49 OU RFI is implemented, the Laboratory will summarize technical 
progress in quarterly technical progress reports, as required by the HSWA 
module of the Laboratory's RCRA Facility Permit (Task V, C. page 46). These 
reports will be available at the ER Community Reading Room. 

2.6 Informal Public Review and Comment on the Draft au 1144 RFI 
Work Plan 

The Laboratory will encourage public input regarding the field sampling 
proposed in the draft TA-49 OU RFI Work Plan after U.S. Environmental 
Protection Agency (EPA) formal approval of this document following its 
submittal to EPA in May 1992. Public input regarding numbers of samples, 
types of samples, and quality assurance samples (e.g., duplicate samples) will 
be incorporated, as appropriate, into the final Work Plan. 
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Attachment 1 

LOS ALAMOS NATIONAL LABORATORY 
ENVIRONMENTAL RESTORATION PROGRAM 

FACT SHEET FOR OPERABLE UNIT 1144 
(TECHNICAL AREA 49) 

TA-49: 
• Experiments involving radioactive/hazardous materials were conducted in 

underground shafts at TA-49 from late 1959 to mid 1961. 

• Portions of TA-49 currently are used for microwave research, the Laboratory's 
Hazardous Devices Team activities, and other low-impact uses. Additional 
activities, generally not involving hazardous materials, have continued 
intermittently at TA-49 since 1961. 

• Hazardous and radioactive materials, including multi-kilogram quantities 
of beryllium, lead, plutonium, and uranium are present in shafts at TA-49. 
Trace quantities of fission products, heavy metals, tritium, high explosives, 
and organics also may be present. 

• Laboratory environmental monitoring data for ground and surface water and 
soil samples indicate that TA-49 contaminants have not moved beyond the 
boundaries of TA-49 or into the main aquifer. Groundwater contamination 
is highly unlikely because the main aquifer is about 1200 feet below the site. 

• Safety at TA-49 has been enhanced by implementing strict access restrictions, 
drilling controls, and stabilization procedures. 

• In May 1992, the Laboratory submitted to the U.S. EPA and the New Mexico 
Environment Department a work plan to determine the amounts and areas 
of contamination at TA-49. These studies will form the basis for corrective 
measures decisions for the TA-49 Operable Unit. Site characterization studies 
are scheduled to begin in October 1992 and extend into 1997. 

TA-49 Locator Map 

TA-49 

o 5 miles 
~ 
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PURPOSE OF TECHNICAL AREA 49 
From late 1959 to mid 1961, TA-49 was the site of underground experiments related to 
the safety of nuclear weapons. Underground experiments were carried out ber:leath four 
areas indicated on the map on the reverse side of this fact sheet. A number of supporting 
facilities, including shafts, radiochemical facilities, sumps, and a landfill, also were used. 
Since these experiments ceased in 1961, the site has been used periodically for a variety 
of other uses that have not resulted in any significant additional contamination. Currently, 
parts of the site are used on a limited basis by the Laboratory's high-power microwave 
group, the Hazardous Devices Team, and other Laboratory personnel. 

WASTES PRESENT AT TECHNICAL AREA 49 
Twenty potentially contaminated sites (Solid Waste Management Units, or SWMUs) have 
been identified at T A-49 and have been aggregated as the T A-49 Operable Unit. The 
experimental shafts (combined as Materials Disposal Area AS) contain 40 kilograms of 
plutonium, about 260 kilograms of uranium, 11 kilograms of beryllium, perhaps 90,000 
kilograms or more of lead, and nonhazardous wastes (such as steel and cables) within 
the original shafts at depths of 31-108 feet. 

Known or suspected contamination at the remaining TA-49 SWMUs involves trace soil 
contamination by heavy metals, radionuclides, organics, and other chemicals associated 
with facilities supporting the underground experiments. 

Groundwater, surface water, and soil samples have been monitored frequently since 
1960. No evidence of any migration of contaminants from these potential sources has 
been found beyond TA-49 boundaries or into the main aquifer. 

PREVIOUS CLEAN-UP AT TECHNICAL AREA 49 
Surface contamination at TA-49 has been stabilized with asphalt, concrete, and natural 
vegetative covers. The largest known accidental contamination release involved small 
levels of radioactive materials during a 1960 drilling operation at one test shaft. 
Contaminated materials were returned to the shaft and the area over and around the 
shaft was capped with clean soil and an asphalt cover. Other shafts have been sealed 
with concrete plugs and natural vegetative covers. After experiments were completed in 
1961, some surface equipment and structures were removed or decontaminated. 
A second cleanup campaign was completed in 1971. The La Mesa forest fire in 1977 
destroyed most remaining wooden structures. Further cleanup of uncontaminated 
building debris was conducted in 1984. A landfill at the northwest section of TA-49 was 
used for disposing of nonhazardous debris during all three cleanups. 

FUTURE AC"rlON AND PROPOSED TIME FRAME 
Future action is focused on further assessment of the extent of contamination and the 
selection of possible remedial actions. Remedial alternatives range from capping 
(accompanied by long-term monitoring, maintenance, and institutional controls) 
to excavation and disposal of contaminated soils. This process is guided by the 
Hazardous and Solid Waste Amendment (HSWA) module of the Laboratory's Resource 
Conservation Recovery Act (RCRA) operating permit, which specifies the sequence of 
events by which potentially contaminated areas are identified, characterized, and remediated. 

The RCRA Facility Investigation (RFI) Work Plan that describes the characterization 
activities was submitted to the U.S. Environmental Protection Agency in May 1992. 
Actual RFI characterization activities are scheduled to be initiated in October 1992 and 
will require about 5 years to complete. 

CONCLUSION 
Ensuring the safe management of past, present, and future waste requires the 
cooperation of government, industry, and the public. The Laboratory is committed to 
provide the public with information such as this fact sheet. The Laboratory will continue 
to provide information concerning actions taken during investigation and throughout the 
entire cleanup process. If you have additional questions about T A-49 or about the 
Laboratory's Environmental Restoration Program, please do not hesitate to call or write: 

Community Relations Project Leader 
Environmental Restoration Program 
Los Alamos National Laboratory 
Sox 1663, Mail Stop M314 
Los Alamos, NM 87545 
(505) 665-2127 
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Figure 8-14 Maps of walls of selected large-diameter holes in Area 2 (from Weir and Purtymun, 1962). 
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APPENDIX C 

Field and Laboratory Investigation Methods 

C.1 Introduction 

C.1.1 Approach 

This chapter has been prepared to describe, in one place, the common 
elements that apply to the conduct of field investigations at all T A·49 SWMUs 
The objectives and technical approach for investigations at the T A-49 au are 
described in Chapters 1-8 of this work plan. Key concepts presented there 
include: 

1. aU-wide investigations which focus on general environmental 
characteristics and ambient levels of contaminant indicators. These 
investigations provide the framework within which SWMU-specific data 
will be evaluated. 

2. SWMU-specific characterization which focuses on the nature and 
extent of contamination and the potential for future migration of wastes. 

3. Identification and planning of explicit phases of investigation. 

4. Evaluation of analytical data and reassessment of data needs at 
intermediate stages (according to the decision analysis and 
observational approaches). 

listed below are several general concepts that apply to the TA-49 field 
investigation. 

1. Radiological contamination is a general characteristic of T A-49 and a 
primary focus of SWMU-specific investigations. 

2. For all TA·49 SWMUs, release of any hazardous constituents would 
have been associated with the release of radioactive materials. 

3. Field surveys and field screening of samples can be used to identify 
gross contamination and can serve as Level 1111 data. 

4. Field laboratory analyses can be used to quickly provide Level 11/111 data 
to help guide field operations. 

C.1.2 Field Operations 

This appendix identifies aspects of the Laboratory's implementation of the RFI 
that are not duplicated in the SWMU-specific field sampling plans. Such aspects 
include standard activities that will be used to support field operations as 
follows: 

T A-49 Operable Unit RF1 Work Plan C-4 May 1992 
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• health and safety of field operations, 

• 

• 
• 
• 
• 

laboratory-required preliminary activities and support 
procedures 

identification and documentation of sampling locations, 

sample handling and laboratory coordination procedures, 

equipment decontamination procedures, and 

management of wastes generated by sampling activities. 

C.1.3 . Investigation Methods 

TA-49 field investigation methods are addressed in Section C.5 (Field Sampling 
Methods) of this appendix and are tiered to the laboratory's Installation Work 
Plan (IWP) (LANL 1991, 0553). SOPs for methods to be used during the TA-49 
RFI are summarized in Annex I of this au work plan. The methods presented in 
this chapter are specific examples of the options identified in the IWP. In 
addition, this chapter references the Laboratory's ER Program Standard 
Operating Procedures (SOPs) (LANL 1991. 0411). Each of the brief method 
descriptions given herein refers to the applicable SOPs for detailed 
methodology. The methods described in Sections CA through C.S in this 
chapter include 

• 
• 

• 
• 

• 

sampling methods; 

field sample screening methods to identify grossly 
contaminated samples at the point of collection (Level 1/11); 

in situ field survey methods to identify gross contamination 
areas (Level 1/111111); 

field laboratory measurement methods to provide rapid 
quantitative or semi-quantitative sample analyses (Level 11/111); 
and 

offsite analytical laboratory methods (Level III). 

The method descriptions are brief and provide some specific information that 
defines the application. More specific information is provided by the individual 
field sampling plan (such as sampling location or target depth of a borehole). 
The method descriptions presented here are not intended to supplant or reduce 
the importance of the Quality Assurance Project Plan (Annex II of this au work 
plan) and the governing SOPs (LANL 1991, 0411). 

C.1.4 Data Analysis 

Section C.10 of this chapter gives a general discussion of data analysis 
concepts that will be applied in assessing the meaning of collected information. 
These concepts include: 

T A-49 Operable Unit RFt Work Plan C-5 
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• comparisons of sample contaminant levels, to background, 
action and screening levels; 

• decisions to conduct additional sampling or to stop sampling; 

• role of the decision analysis and observational approaches; and 

• statistical methods. 

C.2 Field Operations 

As indicated in the project schedule (Annex I of this OU work plan), several 
investigations may be conducted concurrently at T A-49. Field investigation 
teams will have individual responsibilities for health and safety, sample 
identification, sample handling and chain of custody, and related activities. 
Other operations may be shared across field teams., such as the field laboratory 
or an equipment decontamination facility. 

A field laboratory will be operated to perform all field laboratory analyses 
required by the site characterization plans described in Chapters 6 and 7. The 
field laboratory will be managed independently to assure rigorous QA/QC. 

In this section, several aspects of field operations are described that are part of 
many TA-49 OU field operations. The applicability of this assumption to each 
sampling plan in Chapters 6 and 7 is implied and is not restated elsewhere in 
this au work plan. 

C.2.1 Health and Safety 

Annex III of this OU work plan presents the Health and Safety Plan for the T A-
49 RFI field activities. The plan gives SWMU-specific information regarding 
known or suspected contaminants and personnel protection required for 
different activities. All samples acquired under this work plan will be screened at 
the pOint of collection to detect gross contamination or conditions that may pose 
a threat to the health and safety of field personnel. The techniques listed in 
Section C.6 of this appendix, Field Sample Screening, will be used. In 
particular, gross alpha, gross beta, and gross gamma radiation surveys will be 
conducted routinely. Applicable SOPs are contained in Chapter 2 of the ER 
Program SOP document (LANL 1991, 0411) and are referenced in Annex I of 
this OU work plan. 

C.2.2 Archaeological, Cultural, and Ecological Evaluations 

Prior to initiation of field work as part of the Laboratory's ES&H Questionnaire 
process, archaeological and ecological evaluations will be performed in all 
areas where the surface is to be disturbed, vegetation is to be removed, or 
invasive sampling is to be performed. Following the archaeological and 
ecological evaluations, a DOE Environmental Checklist (DEC) will be issued. It 
is anticipated that the DEC will lead to a recommendation for a categorical 
exclusion before RFt field work begins at TA-49. 
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C.2.3 Support Services 

Physical services support during the field investigation will be provided by 
Laboratory support groups ENG-3, ENG-5, Johnson Controls, or contractors. 
Existing job ticket procedures will be used. The services these groups will 
provide include, but are not limited to, back-hoe and front-end loader 
excavations, moving pallets of drummed auger cuttings and decontamination 
solutions, and setting up signs and other warning notices around the perimeter 
of the working area. 

C.2.4 Excavation Permits 

As part of the ES&H Questionnaire process, excavation permits are required by 
the Laboratory prior to any excavation, drilling, or other invasive activity. 
Acquisition of the permits will be coordinated with HSE-3 and Johnson Controls. 
Acquisition of excavation permits will be scheduled as appropriate for each 
phase of field work. All areas intended for excavation, drilling, or sampling 
deeper than 18 in. will be marked in the field for formal clearance prior to the 
work. 

C.2.S Sample Control and Documentation 

Guidance for sample handling is provided in Section 13 of Annex II of the IWP. 
Sample packaging, handling, chain of custody, and documentation procedures 
are provided in the ER Program SOPs as follows: 

• 
• 
• 
• 

C.2.6 

General Instructions for Field Personnel 

Containers, Sampling and Preservation 

Guide to Handling, Packaging and Shipping of Samples 

Sample Control and Documentation 

Sample Coordination 

A Sample Coordination Facility has been established by the ER Program in 
Laboratory group EM-9 to provide consistency for all investigations. The 
operation of this facility is detailed in Appendix N of the IWP. The applicable 
SOP is: 

• Sample Control and Documentation 

C.2.7 Quality Assurance Samples 

Field quality assurance (QA) samples of several types are collected during the 
course of a field investigation. The definition for each kind of sample and the 
purpose it is intended to fulfill are given in Annex II, Quality Assurance Project 
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Plan (QAPjP) of this OU work plan. The frequency with which each type of field 
QA sample is to be collected also is detailed in the field sampling plans in 
Chapters 6-7. 

C.2.8 Equipment Decontamination 

Decontamination is performed as a quality assurance measure and as a safety 
precaution. It prevents cross contamination among samples and helps maintain 
a clean working environment for the safety of personnel. Sampling tools are 
decontaminated by washing, rinsing, and drying. The effectiveness of the 
decontamination process is documented through rinsate blanks submitted for 
laboratory analysis. Steam cleaning is used for large machinery, vehicles, 
auger flights, and coring tools used in borehole sampling. Decontamination 
fluids, including steam cleaning fluids, are considered wastes and must be 
collected and contained for proper disposal. The applicable SOP is: 

• General Equipment Decontamination 

C.2.9 Waste Management 

This discussion is based on the guidance provided in Appendix B of the IWP. 
Wastes produced during characterization sampling activities may include 
borehole auger cuttings, excess sample, excavated soil from trenching, 
decontamination and steam-cleaning fluids, and disposable materials such as 
wipes, protective clothing, and spoiled sample bottles. In different areas of 
TA-49, several of the following waste categories have the potential to be 
encountered: hazardous wastes, low-level radioactive wastes, transuranic 
waste, and mixed waste (either lOW-level or transuranic mixed waste). 
Requirements for segregating, containing, characterizing, treating, and 
disposing of each type and category of waste are provided in the applicable 
SOP: 

• RFI-Generated Waste Management 

C.3 Standard Survey, Screening, and Analytical Tables 

For all sampling plans of this RFI work plan, a standard table has been 
developed which identifies certain field operations and sample analytical 
requirements. These tables are contained in Appendix E and will be referred to 
in several remaining sections of this chapter. Table C.3-1 is an example of one 
of these tables. 

C.3.1 Samples and Sampling Methods 

The four columns on the left side of Table C.3-1 identify the type of sampling to 
be conducted, the sampling location, and the depth interval (as appropriate), 
and provide a space for the sample identification number (to be identified when 
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the sample is collected), The sampling methods or activities identified in the first 
column are defined later in Section C.S (Field Sampling Methods) of this 
appendix. 

C.3.2 Survey, Screening and Analysis Methods 

Consistent language has been adopted in this work plan to refer to five 
categories of measurements as defined below, to avoid confusion regarding the 
type of measurement being discussed. . 

1. Field Surveys (or "surveys"). Direct reading or recording instruments 
are used to scan the land surface to make measurements of in situ 
conditions. Typically, surveys provide Level I or II data. Gamma 
radioactivity is a common target of field surveys. Land surveys, 
geophysical surveys and borehole logging also are included in this 
category. 

2. Field Screening ("field sample screening" or "screening"). Instruments 
or observations are applied to samples at the point of collection to 
measure the presence of gross contamination or to determine other 
properties of the sample. Usually, screening provides Level I data. 
Alpha radioactivity is a common target of field screening. Lithological 
logging of core samples also is included in this category. 

3. Field Laboratory Measurements (or "field laboratory analyses"). These 
are sample analysis methods that require minimal sample preparation 
and are readily adaptable to mobile laboratory analytical equipment. 
These methods measure contaminants or other sample properties at 
better detection limits, with better precision, or for different 
contaminants than can be obtained with field screening techniques. 
Level II data are common, although Level I and Level 111 procedures 
also are used. Gross alpha/beta and gamma spectrometry 
measurements on dried soil samples is a typical example. 

4. Offsite Analytical Laboratory Analysis. This category represents the 
primary analysis for which samples are collected, preserved, and 
sealed. Level III or IV data usually result. Analysis for RCRA metals is a 
typical application. 

5. Special Analysis. This category represents analyses which require 
special methods such as, low-level isotopic plutonium. 

In Table C.3-1, for each category of measurements, several measur.ement 
techniques are identified by vertical columns. These represent the techniques 
that will be used most commonly for TA-49 RFI samples. The individual 
measurement techniques represented by each vertical column are identified in 
the following sections of this appendix: Section C.4, Field Surveys; Section C.6, 
Field Sample Screening; Section C.7, Field Laboratory Measurements; and 
Section C.S, Offsite Laboratory Analysis . 
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C.3.3 Use of the Standard Screening and Analysis Table 

The standard survey, screening, and analysis tables serves two major 
purposes. First, the tables clearly and concisely summarize the details of each 
sampling plan. These give sampling locations, indicates methods and intervals, 
and identifies the survey, screening, and analysis measurements for each 
sample as detailed in Chapters 6 and 7. The tables explicitly identify the 
collection and analysis of field quality assurance samples. The tables also 
provide much of the detail needed to estimate the costs of the investigation. 

As used in the individual sampling plans given in Chapters 6 and 7, the table 
identifies three types of sample selections defined below: 

• 

• 

• 

X. Specifically planned sample screening and analyses are 
marked with an X at the intersection of the sample row with the 
analysis column. 

E. An example selection of samples is marked with an E in the 
table. This is used for cases where a plan allows an option or 
provides guidance to field personnel for selecting the particular 
samples to be submitted for analysis. The particular samples 
selected in the field may differ from those indicated by an E, but 
the number selected should be the same as the number 
marked. Where a sample marked E has an associated field QA 
sampling requirement, the QA requirement will be applied to 
the actual sample selected. 

C. A C is marked in the table for sample analyses that are 
provided by the plan as a contingency against foreseeable 
uncertainties that may be encountered in the field. For 
example, the drilling of boreholes will continue beyond the 
nominal depth set in the plan if contaminants are still detectable 
in cores. The fraction of the boreholes in which this will occur is 
unknown . Explicit inclusion of contingency samples to account 
for such occurrences has been used in some of the plans. 
While the contingency samples are usually marked in 
conjunction with particular boreholes, they may be used as 
needed in any portion of the plan. 

C.3.4 Indicator Analytes 

In most of the TA-49 SWMU sampling plans, the following limited set of 
analytes will be used to indicate the presence or absence of contaminants: 

• 

• 
• 

gamma spectrometry (includes americium-241, cesium-137, 
and gross gamma radioactivity levels) 

gross alphalbeta radioactivity 

total uranium 
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• isotopic plutonium 

• RCRA metals 

The specific analytical methods are defined in Section C.B, Laboratory Analysis. 

C.3.S Additional Analyses 

For certain SWMUs, additional analyses are appropriate beyond those listed 
above. Some of the common additional analyses are shown in Table C.3-1 and 
are detailed in Section C.S and in other sections of this chapter, as well as in 
Chapters 6 and 7. Blank columns are provided in Table C.3-1 for listing other 
additional analyses required at particular SWMUs. 

C.4 Field Surveys 

Field surveys (defined above in Section C.3.2) typically are scans of the land 
surface using direct reading or recording instruments. For this au work plan, 
these surveys include radiological and geophysical surveys to identify and 
refine locations as indicated by other information and to identify the presence or 
absence of contaminants or structures in the field. In some plans, these 
techniques are used to identify locations for judgemental sampling. In other 
plans, they are used for preliminary assessment of areas where contaminants 
are not expected. While negative field survey results are not necessarily 
conclusive evidence of the absence of contaminants, they can greatly minimize 
the probability that gross contamination has been overlooked and can allow 
timely redirection of field sampling. 

C.4.1 Radiological Surveys 

Radiological survey methods are address in Appendix F of this au work plan. 

C.4.2 Electromagnetic Surveys 

Field surveys will be performed with an electromagnetic instrument to confirm 
the location of buried structures such as shafts and landfills and to trace the 
path of buried metallic material such as piping. The selected geophysical 
instrument will be able to detect all types of metal (ferrous and nonferrous) and 
will be capable of detecting a 2-in. diameter metal line buried at a depth of 5 ft. 
The A geophysical survey to locate buried metal lines is typically performed by 
continuously observing the instrument meter response while walking along 
traverse lines that cross at a right angle over the suspected trend of the buried 
line. A typical spacing of the parallel traverse lines is 20 ft. A geoplysical survey 
to locate buried metal structures is typically performed by taking measurements 
on a grid established over the suspected locations of the structure. The spacing 
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for measurements is determined by the size of the structure; the required 
spacing my be as close as measurements taken at nodes on a 2.5 ft by 2.5 ft. 
grid. The applicable SOP is: 

• General Surface Geophysics 

C.4.3 Land Surveys 

Land surveys will be used to document all sampling locations and to locate 
either former or buried structures (when needed). Because sampling location 
surveys will be done for all sampling points, it is not specifically identified in the 
analytical table. In all cases, the minimum precision requirements for the 
surveys are the same: plus or minus 1-ft horizontal and vertical. The 
conventional survey procedures used are documented by Laboratory Facilities 
Engineering organizations. 

C.S Field Sampling Methods 

C.S.1 Introduction 

For the field sampling plans used in this work plan, a suite of specific sampling 
methods has been selected, and the details of their use and application in the 
field have been defined. For example, a "surface soil sample" in this document 
is specifically defined as representing a 0- to 6-in. layer of soil collected by a 
hand scoop (see Subsection C.5.2), and a "core sample" is generally defined as 
a 5-ft core interval of a specified length (see Subsection C.5.3). 

Setting these common definitions and using them uniformly in all of the TA-49 
OU field sampling plans provides several benefits: consistency of field 
operations, comparability of sample analysis results from location to location, 
and the ability to have each sampling plan refer to a method defined in this 
chapter without reproducing the information in each plan. For each method 
identified below, the specifically defined portion is detailed. However, complete 
specification of the method requires additional information that is referenced to 
the applicable SOP or provided in the field sampling plan (e.g., nominal or 
target depth for a borehole). 

C.S.2 Soil Sampling Methods 

C.5.2.1 Surface Soil Sample 

Surface soil samples are defined as samples taken from the first 6 in. of soil. 
This type of soil sample will be gathered using a stainless steel or Teflon scoop. 
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Care will be used to take the sample to a full 6 in. depth and to cut the sides of 
the hole vertically to ensure that equal volumes of soil are taken over the full 
6-in. depth. The applicable SOP is: 

• Spade and Scoop Method 

C.S.2.2 Near-Surface Soil Sample 

To obtain near surface soil samples to depths of about 30 in., the spade-and 
scoop method will be used. Spades and shovels are used to remove surficial 
material to the required depth and a stainless steel or Teflon scoop is used to 
collect the sample. Care will be used to take the sample to a full 6-in. depth and 
to cut the sides of the hole vertically to ensure equal volumes of soil are taken 
over the full 6-in. depth. Unless otherwise specified, the sample interval will be 
6 in. Devices plated with chrome or other materials are not acceptable for 
sample collection. The applicable SOP is: 

• Spade and Scoop Method 

C.S.2.3 Undisturbed Surface Soil Sample 

Undisturbed soil samples will be gathered from the first 6 in. of soil using the 
ring sampler method. This method involves driving a 4-in.-diameter stainless 
steel tube (ring sampler) vertically into the area to be sampled. The soil around 
the ring sampler is then excavated so that the tube can be removed. An 
undisturbed core sample is obtained by pushing out the soH in the ring sampler. 
The applicable SOP is: 

• Stainless Steel Surface Soil Sampler 

C.S.2.4 Manual Shallow Core Sample 

Small volume soil samples can be recovered from depths approaching 10 ft with 
a hand auger or with a thin-wall tube sampler. The thin-wall tube sampler 
provides a less disturbed sample than that obtained with a hand auger. 
However, it may not be possible to force the thin-wall tube sampler through 
some soil or tuff, and sampling with the hand auger may be the more viable 
alternative. Usually it is not practical to use a hand auger or thin-wall sampler at 
depths below 10ft. The applicable SOP is: 

• Hand Auger and Thin-Wall Sampler 

C.S.3 Core Sampling Methods and Borehole Stopping Criteria 

Split-barrel core sampling will be accomplished using an auger rig that drives a 
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4.2S-in. internal diameter hollow-stem auger with 7.S-in. outer diameter auger 
flights. Soil samples will be collected using a 3.12S-in. internal diameter, S-ft 
continuous, split-barrel sampler. In each sampling plan, a nominal depth for 
each borehole is given. The borehole will be sampled to at least the nominal 
depth. If contamination is detected by field screening or field laboratory 
measurements in either of the last two core intervals above the nominal depth, 
drilling will continue until background concentrations are detected or the limits of 
detection are reached in two successive sample intervals. This stopping 
criterion will be applied as a means of ensuring that the maximum information 
on contaminant depth is acquired. Each sampling plan specifies an analytical 
plan for cores down to the nominal depth. The pattern set by the analytical plan 
will be followed for the complete depth of the borehole as determined by the 
stopping criterion. 

C.S.3.1 Shallow Boreholes 

Several TA-49 sampling plans call for core samples to be collected from shallow 
boreholes limited to depths of about 30 ft where minimal penetration of 
contaminants is expected. For ease of setup and rapid drilling of shallow 
boreholes, the use of a light-weight drilling rig may be preferred over other 
methods. 

The stopping criterion described in Section C.S.3 will be used as appropriate 
and the applicable SOP for shallow boreholes is: 

• Hollow-Stem Auger 

C.S.3.2 Vertical Boreholes 

For boreholes to a maximum depth of 1S tt, the standard hollow-stem auger, 
split-barrel core sampling method will be used. A S-ft core interval is specified 
as the .standard sample. Drilling equipment and stopping criterion described 
above in Section C.S.3 will be used. The applicable SOP is: 

• Hollow-Stem Auger 

C.S.3.3 An~led Boreholes 

Angle drilling is employed to acquire horizontal contaminant information at MDA 
AB. As for vertical core sampling, a S-ft core interval is specified as the standard 
sample. The auger rig used in this type of investigation should have mechanical 
specifications comparable to a Failing F-10 or CME·8S unit, with angle drilling 
capability. In setting up for angle drilling, the drill rig will begin a borehole at a 
location specified in the sampling plan. The drilling angle and direction specified 
in the sampling plan will direct the auger string beneath the area to be 
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investigated at the desired depth. The stopping criterion described in 
SectionC.5.3 will be used. For angled boreholes less than about 150 ft in length, 
the applicable SOP is: 

• Hollow-Stem Auger 

C.S.3.4 Deep Core Sampling 

for tuff coring deeper than 150200 ft., a drilling rig is needed with capabilities of 
a greater than those used for the hollow stem uager rigs described above. Initial 
plans presented in Chapter 6 and 7 call for very few boreholes deeper than 
200 ft. Section of rig and drilling method are matched to the goals of the 
investigation. For air rotary methods. the applicable SOP is: 

• Air Rotary Drilling 

C.S.3.S Rock Coring 

Rock samples can be recovered from indurated rock formations with the use of 
a diamond-studded bit. In this method. the diamond bit cuts a small diameter 
core of rock about 5 or 10ft in length. As the rock is cut, it is pushed into an 
inner barrel of the drill string and is retrieved by a wire-line apparatus. This 
method works best in rock that is hard, relatively free of bedding planes, 
lithology changes, and fractures. The applicable SOPs are: 

• 
• 

Air Rotary Drilling 

Cable Tool Drilling 

C.S.3.6 Shallow-Angled Boreholes 

Investigations specific to MDA AB require core sampling of boreholes placed at 
shallow angles beneath the disposal pits. Such boreholes cannot be drilled with 
the standard hollow-stem auger rigs specified above. For these holes, air rotary 
drilling with continuous coring will be used and the stopping criterion described 
in Section C.5.3 will be used as appropriate. The applicable SOP is: 

• Air Rotary Drilling 

C.S.4 Swipe Sampling 

Standard filter paper swipes routinely will be taken from an area of 100 cm2. 
When it is not possible to cover this area, an estimate of the surface area 
sampled will be made. Sufficient pressure should be used on the swipe to pick 
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up loose contamination without tearing or separating the swipe. The applicable 
SOP is: 

• Sampling for Removable Alpha Contamination 

C.S.S Surface Water Sampling Methods 

A Geotech Model 0700 peristaltic pump, or its equivalent, will be used to collect 
surface water samples. The Geotech Model 0700 allows the union of the 
filtration assembly with the pump and the sample container so that collection of 
a representative sample is simplified and the possibility of sampte 
contamination is reduced. In this method, surface samples are filtered and 
collected directly with minimal elapsed time. 

An alternate method is to collect surface water as grab samples. This method 
involves dipping a beaker, flask, or some other transfer device into the surface 
water to retrieve samples. The water sample can also be collected directly by 
dipping the sample container into the water and filling, removing, and capping it. 
This method is less useful when sampling shallow waters such as seeps, 
springs, or shallow streams. The applicable SOP is: 

• Surface Water Sampling 

C.S.6 Groundwater Sampling 

The sampling of the three existing groundwater wells at T A-49 is included in the 
general characterization of the OU. If perched water zones springs, or seeps 
are encountered at TA-49 OU, they also will be sampled. The applicable SOPs 
for groundwater sampling are: 

• 
• 

C.6 

Purging of Wells for Re'presentative Sampling of Ground Water 

Field Analytical Measurements on Ground Water Samples 

Field Sample Screening 

Field screening is defined earlier in Subsection 3.2. Screening measurements 
are applied to samples at the point of surface sample collection to assess 
conditions affecting the health or safety of field personnel. Application of 
screening for personnel health and safety is detailed in Annex III (Health and 
Safety Project Plan) of this OU work plan. Individual sampling plans may not 
explicitly identify the use or role of sample screening measurements. However, 
the standard analytical table for each investigation will indicate the 
measurement to be made. In general, every sample taken at TA·49 will be 
screened for gross alpha, beta, and gamma radioactivity. In addition, a 
noninstrumental form of sample screening, lithological logging, will be 
performed for all borehole samples. 
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In addition to the role of sample screening in monitoring for gross contamination 
or other health and safety concerns, some T A-49 OU sampling plans use the 
sample screening information explicitly as Level I data for making decisions on 
further sampling, or for selecting sample analysis options. 

C.B.1 Radiological Screening 

C.6.1.1 Gross Alpha 

Field screening of samples for gross alpha contamination is conducted using a 
hand-held alpha detector and a rate meter. The detector is held close to the 
sample and is capable of detecting approximately 100-200 counts per minute 
for an undried sample. The instrument cannot identify specific radionuclides. 
The applicable SOP is: 

. • Total Alpha Surface Contamination Measurements 

C.6.1.2 Gross Gamma 

Field screening of samples for gamma radioactivity will be done using a hand
held alpha detector probe and ratemeter as a gross indicator of potential 
contamination. The detector is held close to the sample and is capable of 
identifying elevated concentrations of certain radionuclides as an increased' 
ratemeter reading above instrument background levels. The applicable SOP is: 

• 

C.6.2 

Measurement of Gamma Radiation Using a Sodium Iodide 
(Nal) Detector 

Nonradioactive Screening 

C.6.2.1 Organic Vapor Detectors 

Organic vapor detectors may be used to screen specified borehole cores and 
soil samples at the point of collection. Two purposes are addressed: personnel 
safety and the identification of grossly contaminated samples. Two types of 
detectors, PID and FlO, are used to detect a wide range of vapors. 

PID. A Model PI 101 photoionization detector (PID) or its equivalent will be used 
as needed to detect organic vapors. This general survey instrument is capable 
of detecting real-time concsntrations of many complex organic compounds and 
some inorganic compounds in air. The instrument can be calibrated to a 
particular compound. However, it cannot distinguish between detectable 
compounds in a mixture of gases. The applicable SOP is: 
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• Health and Safety Monitoring of Organic Vapors with a 
Photo ionization .Detector 

FlO. A Foxboro Model OVA-128, or its equivalent, will be used. This flame 
ionization detector (FlO) can be used as a general screening instrument to 
detect the presence of many organic vapors. The instrumental response is 
relative to the response to a gas of known composition to which the instrument 
has been calibrated. The applicable SOP is: 

• Health and Safety Monitoring of Organic Vapors with a Flame 
Ionization Detector 

C.6.2.2 Combustible Gas/Oxygen Detectors 

A Gastech Model 1314, or its equivalent, may be used to determine the 
potential for combustion or explosion of unknown atmospheres; A typical 
combustible gas indicator (CGI) determines the level of organic vapors and 
gases present in an atmosphere as a percentage of the lower explosive limit 
(LEL) or lower flammability limit (LFL). The Gastech Model 1314 also contains 
an oxygen detector to determine atmospheres that are deficient or enriched in 
oxygen. The applicable SOP is: 

• Health and Safety Monitoring of Combustible Gas Levels 

C.6.2.3 Lithologic Logging 

Lithological logging of recovered core will be performed to describe the physical 
nature of borehole cores. Lithological logging will be performed by a geologist 
qualified to describe subsurface lithologies and differentiate the various strata of 
the Bandelier Tuff. The applicable SOP is: 

• Lithological Logging of Borehole Cores 

C.6.2.4 High Explosives 

Field screening for high explosives (HES) will employ the spot test of (Saytos 
1991,0741). 

C.7 Field Laboratory Measurements 

The scope and nature of field laboratory measurements to be used in support of 
the TA-49 RFI are defined in this section. The field .laboratory will provide fast 
turn-around analysis of samples for a limited number of analytical methods. The 
techniques used in the field laboratory can give primarily Level I, II, or III data, 
as noted below. The field laboratory methods provide better quality information 
or lower detection limits than can be obtained with field screening or survey. In 
some cases, they provide a type of information that cannot be obtained with 

T A-49 Operable Unit RFI Work Plan C -19 

Appendix C 

• 

• 

• 
May 1992 



• 

• 

• 

AppendixC Field and Laboratory Investigation Methods 
.~------------~~~~~---

field screening or survey techniques. The intended uses of the field laboratory 
results are: 

1. Guidance to Field Operations. The use of a field laboratory can provide 
fast turn-around results to aid in directing the course of field work, thus 
increasing the efficiency of field operations. An example is the use of 
field laboratory measurements to determine when to cease borehole 
drilling. 

2. Judgemental Sample Selection. Field laboratory analyses of 
knowledge-based (judgemental) samples can enhance the 
effectiveness of the investigation. Based on field laboratory analyses, 
additional samples having particular characteristics can be selected: 

• 

• 

those with no detectable contaminants to define the edge of a 
plume; 

those with the highest levels, to identify contaminants during source 
characterization. 

3. Analytical Sample Load Reduction. Field laboratory provides the 
capability to relatively quickly and inexpensively assess samples for 
selected analytes. As a consequence, the submittal of a smaller 
number of samples to an off-site analytical laboratory can be justified by 
a base of lower quality measurements. This approach provides 
assurance that high quality measurements are representative and 
sufficient for decision making and can limit the number of samples that 
must be sent for more costly and time consuming analysis at an offsite 
analytical laboratory. 

The selection of samples to be submitted to an offsite analytical laboratory, 
based on field laboratory results, is required in the TA-49 OU field investigation. 
The criteria to be used for making this selection depend on the focus and goals 
of the particular investigation, described in the SWMU-specific sampling plans 
(Chapters 6 and? of this OU work plan). 

C.?1 Radiologic Measurements 

C.7.1.1 Gross Alpha and Gross Beta Radioactivity 

Measurements of gross alpha and beta radioactivity can be used to assess the 
presence of plutonium, uranium, and americium in samples, although 
identification of the individual radionuclides is not possible by this method. 
These Level II measurements can be used to guide field operations or to bias 
sample selection. For example, the alpha emissions from plutonium-238 are 
indistinguishable from those of americium-241 by gross alpha counting. 

The method uses a thin-walled Na I detector in dried soil samples in a fixed 
geometry. A measurement time of approximately 15 to 20 min is typical. 
Detection limits are approximately 4-10 pCilg for alpha emitters and 5-12 pCilg 
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for beta emitters. Additional detail is given in Annex II of this OU work plan and 
in the ER Program GenericQA Plan. The applicable SOP is: 

• Screening Soil Samples for Alpha Emitters 

C.7.1.2 Gross Gamma Radioactivity 

Gross gamma radioactivity will be determined by the gamma spectrometry 
method. 

C.7.1.3 Tritium by Liquid Scintillation Counting 

Overnight turn-around Level II tritium analysis of soil moisture or water samples 
can be obtained by liquid scintillation techniques. Distillation of soil moisture 
from soil samples is done in a ventilated hood in the field laboratory, as part of 
the process of drying soil samples for gross alpha measurements. Liquid 
scintillation measurements will be done using documented laboratory 
procedures for this measurement. 

C.7.1.4 Gamma Spectrometry 

Gamma spectrometry can be used to quantify gamma-emitting radionuclides in 
soil samples. Rapid turn-around analysis can be Level II or Level III quality 
using personal computer-based, multichannel analyzers (MCA) and Nal or 
germanium photon detectors. An example is a Canberra MCA with a Ludlum 
44-10 Nal detector, although many equivalent instruments are available. Dried 
soil samples in fixed geometries can be analyzed in approximately 20 to 30 min 
with a detection limit of about 5 pCi/g for radionuclides such as 137Cs 
(detection limits are isotope-specific). The applicable SOP is: 

• 

C.7.2 

Use of Gamma Spectrometry Systems as a Screen for Gamma 
Ray-Emmitting Radionuclides in Soil Samples 

Organic Chemical Measurements 

C.7.2.1 Volatile Organic Compounds 

To guide field operations, rapid turn-around Level II analysis might be needed to 
identify and quantify volatile organic compounds (VOCs). The Laboratory's 
transportable purge-and trap GC/MS can provide qualitative and quantitative 
analyses of most VOCs with boiling points below 200 degrees C that exhibit low 
or slight solubility in water. Volatile water-soluble compounds also can be 
detected with higher detection limits. The applicable SOP is: 
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• Portable Gas Chromotography for Field Screening of Volatile 
Organic Compounds 

C.7.2.2 PCBs 

The extent and variability of PCB contamination at T A-49 is expected to be 
limited or non-existent. An inexpensive, fast turn-around measurement 
technique with a detection limit less than the regulatory limit (25 ppm) will be 
used to define the areal extent of contamination to minimize analytical 
laboratory analyses. A 10 ppm detection level is achievable with available 
analytical techniques that provide quick turnaround in a field laboratory. A 
DEXSIL L2000 PCBIChloride Analyzer or an alternative method with suitable 
detection limit can be used. The L2000 uses a chloride-specific electrode to 
quantify PCBs in oil or soils. Sample preparation involves extracting the PCBs 
from the soil and reacting the sample with a sodium reagent to transform the 
PCBs into chloride, which can be quantified by the instrument. Oil samples take 
about 5 min to prepare and soils about 10 min. Documented field laboratory 
procedures for measurement of PCBs in soil will be used. 

C.7.2.3 High Explosives 

Laboratory analYSis for HEs will be conducted according to the USATHAMA 
High Performance Liquid Chromatography method . 

C.B Offsite Laboratory Analysis 

In Subsection C.3.2, laboratory analysis levels are defined as they are used in 
this au work plan. Offsite laboratory analysis are intended to provide the 
highest quality (Level Ill/IV) data required. As described in Subsection C.2.6, 
samples to be submitted to an offsite analytical laboratory will be coordinated, 
handled, and tracked by the ER Program Sample Coordination Facility. The 
standard list of analytes and quantification limits is given in Annex II of this au 
work plan and in the ER Program Generic QA plan. Standard commercial 
laooratory procedures will be modified as described in Section C.7.1 and 
Annex II of this OU work plan. 

Some TA-49 OU sampling plans rely on Level III data to support their 
objectives. Other plans use Level 1/11 data for field guidance and use the higher 
quality results for limited purposes. As discussed earlier in Section C.3, the 
standard survey, screening and analysis tables identify the analyses for which 
each sample is submitted. Identification of methods frequently listed in the 
standard table follows. 

Gamma Spectrometry. Radionuclides are quantified by measurement of gamma 
ray photon emissions. Pertinent to this OU work plan, this method yields the 
levels of gross gamma radioactivity, cesium-137, and americium-241 . 

Tritium. Tritium in water samples or in moisture distilled from soil is quantified by 
measuring the low energy beta emission with liquid SCintillation counting. 

T A-49 Operable Unit RFI Work Plan C-22 May 1992 



Field and Laboratory !IJ.Vi~e~s~ti:t:ga~t~io~n:....:M=et:.:..:h=-o~ds~ ________________ -,-AJ:p:.cp-=e.:...:n.::::.;dl:.:.:x....:C=-

Total Uranium. Analysis will be done by LANL HSE·9 methods following sample 
digestion using EPA method 3050. 

Isotopic Plutonium. Radiochemical methods are used to separate plutonium 
from soil, followed by alpha spectrometry to quantify each isotope of plutonium. 
Special radiochemical separation methods and counting techniques employing 
advanced instrumentation may be used to provide plutonium isotopic data in 
soil and sediment at low activity levels (Level V data). 

Semivolatile Organics (SVOCs). The EPA standard method (SW 8270) will be 
used to quantify semivolatile organic compounds. 

RCRA Metals. The EPA standard method (SW 6010) will be used to quantify 
metals. 

The following analyses will be used in the T A·49 RFI, but are not part of the 
common suite of analyses in the SWMU-specific sampling plans: 

• 

• 

C.9 

PCBs. The EPA standard method (SW 8080) will be used to 
quantify PCBs. 

Isotopic Uranium. Radiochemical separation of uranium from 
soil is followed by alpha spectrometry to quantify each isotope 
of uranium. 

Geohydrologic Characterization of Boreholes and Recovered Co 

Methods used for geohydrologic characterization of boreholes during the T A-49 
RFI are described in the following discussion. 

C.9.1 Hydrogeologic Measurements on Recovered Core 

Gravimetric water content in intact core samples will be measured quantitatively 
by weighing moisture loss due to oven drying by ASTM method D-4531-86 
(ASTM 1946, 0743). This procedure also yields bulk density, dry density, and 
porosity. 

Porosity (He Injection) will be measured quantitatively using intact core samples 
by American Petroleum Institute Method API 40, Section 3.58. 

Saturated hydraulic conductivity will be measured using intact core samples by 
ASTM method ASTM D-2434-68 (ASTM 1946,0743). 

Moisture characteristic curves will be measured using intact core samples to 
characterize wetting and drying cycles, with verification at the dry end with the 
psychrometer method, by the American Society of Agronomy method 
(Chapter 24). 

Air/water relative permeability will be determined by the method of van 
Genuchten, using data from saturated hydraulic conductivity tests and moisture 
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characteristic curves. 

C.9.2 Geochemical Measurements 

Standard X-ray diffraction procedures will be applied to powdered rock and soil 
samples to characterize the type and relative abundance of mineral phases as 
follows. 

• 
• 
• 

• 
• 
• 

Clay mineralogy. Kaolinite, illite, and montmorillonite. 

Zeolite mineralogy. 

Matrix mineralogy. Silica polymorphs, alkali feldspars, and 
volcanic glass. 

Carbonate mineralogy. 

Iron and manganese mineralogy. 

Total organic carbon. Total organic carbon in crushed rock 
samples will be measured by combustion in a muffle furnace by 
ASTM method D-2974 (ASTM 1946). 

Other geochemical measurements are as follows: 

• 

• 

C.9.3 

Cation exchange capacity. Cation ion exchange capacity will be 
measured on crushed core samples by sodium absorption 
using EPA method 9080 (EPA 2985, 0409). 

Slurry pH. The ph of slurries of crushed core samples leached 
with deionized water will be measured using ASTM method 
DG657 (ASTM 1946). 

Environmental Isotopes Measurements 

Chlorine-35/chlorine-37. This isotope ratio will be measured by accelerator 
mass spectrometry on chloride samples obtained by leaching crushed core 
samples with deionized water. 

Carbon-12/carbon-13. This isotope ratio will be measured by mass 
spectrometry on water sample or pore water extracted under vacuum from 
crushed core samples. 

Hydrogen/deuterium. This isotope ratio will be measured by mass spectrometry 
on water samples or pore water extracted from crushed core samples. 

Oxygen-18/0xygen-16. This isotope will be ratio measured by mass 
spectrometry on water samples or pore water extracted under vacuum from 
crushed core samples. 
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Tritium. Tritium activity will be measured in water samples or pore water 
extracted under vacuum from crushed core samples by liquid scintillation 
counting methods. 
Carbon-14. Carbon-14 age determinations will be carried out by accelerator 
mass spectrometry on pore water extracted from crushed rock samples. 

Chlorine-36. Chlorine-36 age determinations will be carried out by accelerator 
mass spectrometry on water samples, or solutions obtained by leaching 
crushed core samples with deionized water. 

C.9.4 Straddle Packer Tests 

In situ air permeability tests will be performed over discrete depth intervals in 
open boreholes to measure in situ air permeability. The test is performed by 
vacuum extraction by the method of (Donahue and Erekian 1982, 0405). 

Carbon-12/carbon-13 isotope ratio will be measured by mass spectrometry 
methods on in situ gas samples extracted from discrete depth intervals in open 
boreholes. 

Relative humidity will be measured on in situ gas samples extracted from 
discrete depth intervals in open boreholes using the thermocouple 
psychrometry method described in Agronomy Monograph #9, Chapter 4. 

C.9.5 Borehole Geophysics 

Thermal neutron logs in open boreholes continuously measure rock properties 
that capture thermal neutrons. Neutron capture is directly related to moisture 
content in unsaturated rocks and to porosity in saturated rocks. 

Gamma gamma density logs in open boreholes continuously measure rock 
properties that alter and scatter gamma radiation. The measured values are 
directly related to bulk density of the rock. The method typically uses a 100 mCi 
cesium-137 source. 

Caliper logs continuously measure the diameter of an open borehole to identify 
zones of fractured rock. 

Axial borehole video log provides a continuous television record of the walls of 
an open borehole. A wide angle lens provides a 360 degree view of the 
borehole wall. A compass mount provides directional orientation of discrete 
features such as fractures and jOints. 

Sidescan borehole video log provides a continuous television record of a 
segment of the wall of an open borehole. The sidescan lens is motor driven and 
will rotate 360 degrees to provide complete viewing. A compass mount provides 
directional orientation of discrete features such as fractures and joints. 

Electromagnetic induction log continuously measures the electrical properties of 
the bulk rock medium in an open borehole. The measurement may be taken in 
unsaturated or saturated environments. 
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Maanetic susceptibility log continuously measures the magnetic susceptibility 
of the rock matrix in open boreholes. The log is used for stratigraphic 
correlation. 

Natural gamma radiation log in open or cased boreholes continuously measures 
the natural gamma radiation emitted by the rock matrix. The log is used for 
stratigraphic correlation. 

Spectral gamma radiation log in open or cased boreholes continuously 
measures the natural gamma radiation emitted by the rock matrix. The gamma 
radiation spectrum is divided into three separate energy ·windows· to 
differentiate abundances of uranium, thorium, and potassium. The log is used 
for stratigraphic correlation and to evaluate the presence or absence of 
radioactive contamination. 

Prompt fission neutron log in open boreholes continuously measures fissionable 
isotopes in the rock that may be related to radioactive contamination. 

Geochemical (californium-252) log in open boreholes continuously measures 
the following suite of elements in the rock matrix: aluminum, calcium, iron, 
silicon, sulfur, titanium, carbon, oxygen, hydrogen, chloride, potassium, thorium, 
and uranium. The method measures gamma emissions that result from 
bombardment of the rock matrix by neutrons from a 252 Cf source. 

C.10 Data Analysis 

Several aspects of data analysis are integral to the use of the phased 
investigation and decision analysis approaches described in the IWP and in 
Chapter 2 of this OU work plan. An overview of several aspects of data analysis 
pertinent to the TA-49 OU is given below. 

C.10.1 Phased Sampling 

Phased sampling involves the collection of an initial set of samples, with the 
results of measurements from this set used to determine if additional sets of 
samples are required. Thus, results from the initial investigation guide the 
selection of subsequent sampling. Although unbiased estimates of population 
parameters can be based on a single set of samples, efficient and cost-effective 
data practice entails the use of the first set of samples to determine the number 
of additional samples and their optimum locations for the required accuracy of 
the estimates. Subsequent sampling is used to give a more detailed 
characterization of the area, if required, and to confirm the predictions and 
parameter estimates of the earlier stages. 

The phased approach has been used to guide sample collection and chemical 
analysis for the T A-49 RFI to the extent possible. Analytical results for the first 
set of the samples collected will be evaluated to determine if further analysis is 
necessary and to provide guidance for minimizing required analyses on 
subsequent samples . 
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C.10.2 Approaches to Data Analysis 

Use of Background Levels. As discussed in Section 5.1 of this au work plan, 
the term background level refers to the natural or fallout levels of elements, 
chemicals, or radionuclides. Comparison of measured sample to background 
levels will be used to assess whether contaminant release has occurred at TA-
49 SWMUs. 

Use of Action Levels. The use of action levels in assessing T A-49 au data will 
be in accordance with the usage described in Section 3.5 of the IWP and 
Section 5.1 of this au work plan. The action level concept is based on the 
EPA's proposed 40 CFR 264, Subpart S, and available action levels that have 
been proposed are listed in Appendix F of the IWP. These and other action 
levels for contaminants of concem are discussed in Section 5.1 of this au work 
plan. Action levels will be used in conjunction with background levels to assess 
the presence, magnitude, and importance of environmental contamination from 
individual SWMUs. The comparison of sample analysis results to action levels 
will comprise part of the assessment of options for further characterization or 
the need for remediation. 

Decisions to Conduct Additional Sampling. Within some of the individual 
sampling plans, options are presented to expand the scope of sampling based 
on immediate information from field surveys, sample screening, and field 
laboratory measurements. These options allow the area covered. by a sampling 
program to be adjusted. 

After review and evaluation of analytical data from initial sampling, a decision to 
conduct subsequent investigations will be based on a need to further 
characterize contaminant concentrations, vertical and lateral extent, or 
migration along particular pathways, dependent upon objectives of the particular 
SWMU-specific investigation. 

Decisions Not to Conduct Additional Sampling. Characterization investigations 
may be terminated on the basis of one of several criteria as follows: 

1. At many SWMUs, contamination is unlikely to exist. In a number of 
these cases, initial results will be sufficient to determine that no 
significant contamination is present and that no further action is 
necessary. . 

2. In some cases, data from initial characterization may identify Significant 
levels of contamination, but the nature and probable extent of 
contamination may indicate an easily remediated situation. A commonly 
encountered example is underground piping or soil hot spots. In such 
cases, it may be judged more appropriate to remove the contamination 
as a voluntary corrective action than to do further characterization. 

3. Initial characterization may identify waste types or contaminant 
situations for which the most appropriate approach is the conduct of a 
pilot study to assess options for treatability or remedial alternatives. 

4. Further characteriZation may be curtailed so that effective planning of a 
corrective measures study can provide additional guidance. 
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Decision Analysis Approach. In all of these situations, the decision analysis 
approach described in Appendix I of the IWP will be used to ensure that the 
decision-making process, with regard to additional characterization sampling, 
will be systematic. This will be documented by formal reports of data 
assessment. 
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Transp<)rt of RadionucUdes in Sediments 
from an Inactive Waste Management Area (fA-49). 
From 1959 to 1961, hydronuclear experiments were 
conducted in underground shafts at the Laboratory at 
TA-49. This technical area is located on Frijoles Mesa 
in the southwest corner of the Laboratory between 
TA-28 and T A-33 (Fig. 4). The experiments involved a 
combination of conventional (chemical) high explo
sives, usually in a nuclear weapons configuration. The 
quantity of fissil,!! material was kept far below the 
amount required for a nuclear explosion (Purtymun 
1987b). The underground shafts ranged in depth from 
15 to 36 m (50 to 120 ft) beneath the surface of the 
mesa (Purtymun 1987b. ESG 1988). 

Eleven stations were established in 1972 to monitor 
surface sediments in natural drainage from the experi
:nemal area. ,-'\nother station was added in 1981 as the 
drainage changed (Fig. 21). Sediment samples from the 
12 stations were analyzed for radiochemical and 
chemical constituents and for organic compounds. 

Results of analyses of sediment samples for radio
chemicals were compared with the statistically 
~stablished levels for regional background (1977-1986 
[Purtymun 1987 a)) and no 1990 samples exceeded 
those background levels, as shown in Table G-41. 
Plutonium has often been found at levels exceeding 
background limits in previous monitoring. The pluto
nium reported is allributable [0 a surface contamination 
incident that occurred in 1960 (Purtymun 1987b, ESG 

1988). 
Sediments from the 12 stations were analyzed for 

chemical constituents. The results of the analyses indi
cated that constituents were below threshold limits for 
EPA's EP toxicity criteria concentrations (Table G-
42). The great majority of results were below limits of 

analytical detection. 

Samples of sediments from the 12 stations were 
analyzed for 68 volatile organic compounds, 71 
semivolatile organic compounds, 19 pesticide com. 
pounds, two herbicide compounds, and four PC 
compounds (Table G-43). The LOQs for the organic 
compounds are given in Appendix C. All samples were 
analyzed for these compounds. Only one target 
compound was detected at levels above the LOQ: 
1,1,4-trimethylbenzene at levels between 6 and 10 !lg!g 
in 10 of the 12 samples. This suggests sample con
tamination during collection or analysis because of the 
consistent levels in all sa~ples. This compound was 
not among the ones noted last year, which also showed 
analytical difficulties. Because of the uncertainties in 
the analyses, additional samples will be collected next 
year for organic analyses. 

Three deep test wells (DT-SA, DT-9, and DT-I0) 
were used to monitor possible movement of contami
nants from the shafts to the main aquifer (Fig. 16). The 
depth to the main aquifer is about 360 m (1200 it). No 
water is perched in beds between the surface of the 
mesa and the top of the main aquifer. The chemical 
and radiochemical quality of water from these wells 
indicated no contamination from activities at TA-49 
(Sec. VI.C.4.a. and Tables G-22 and G-23). 

• 

Table 0.1. Transport of Radionuclides in Sediments from an Inactive Waste Management Area (TA-49). 
Taken from the 1990 Environmental Surveillance Report. (ESG 1992, 0740) 
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Summary of Radiochemical Analyses of 

Sediments rrom TA-4' 

3H IJ7Cs TotallJranium 2J8pu 2J9,240Pu 

Station (10-6 J.tCi/mL) (pCi/g) (mglg) (pCilg) (pCi/g) 

A-I 21.0 (2.0) 0.08 (0.09) 3.2 (0.3) 0.000 (0.00l) 0.002 (0.001) 
A-2 5.2 (0.6) 0.15 (1).12) 2.2 (0.2) 0.005 (0.001) 0.003 (0.001) 
A-3 7.8 (0.9) 0.20 (0.09) 2.8 (0.3) 0.000 (0.001) 0.002 (o.om) 
A-4 13.0 (1.0) 0.20 (0.12) 3.3 (0.3) 0.002 (0.001) 0.002 «UlOl) 
A-4A 8.1 (0.9) 0.08 (0.08) 3.8 (0.4) 0.000 (O.!)()O) 0.002 (0.01) 1) 
A-5 36.0 (4.0) 0.14 (0.12) 2.0 (0.2) 0.001 (0.001) 0.001 (O'(Xll) 
A-6 10.0 (1.0) 0.16 (0.09) 2.5 (0.2) 0.000 (0.000) OJ)04 (0.001) 
A-7 9.0 (1.0) 0.20 (1).12) 2.4 (0.2) n.OOI (0.001) 0.003 «!.OOl) 
A-8 10.0 (1.0) O.ll (0.08) 2.7 (0.3) 0.003 (0.001) 0.1))2 (0.00 1) 
A-9 t6.0 (2JI) 0.21 (0.13) 2.0 (0.2) 0.001 (0.001) 0.003 (0.001) 
A-tO 2.8 (0.4) 0.03 (0.08) 3.8 (0.4) 0.002 (0.001) 0.002 (0.00 1) 
A-lt 6.6 (0.8) 0.23 (0.12) 3.4 (0.3) 0.000 (0.000) 0.004 (0.001) 

Sediment background 
(1974-1986)a 0.44 4.4 0.006 0.023 

aSee Purtymun (1987a). 

Table 0-2. Summary of Radiochemical Analyses of Sediments from T A-49. Taken from the 1990 
Environmental Surveillance Report. (ESG 1992, 0740) 

• 

Gross 
Gamma 

( counts/min/L) 

3.1 (0.5) 
1.4 (0.4) 
1.3 (0.4) 
2.4 (0.5) 
2.1 (0.5) 
U.5 (0.4) 
1.7 (0.4) 
1.5 (0.4) 
2.1 (0.5) 
1.8 (0.4) 
3.4 (0.5) 
2.9 (0.5) 
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Trace Metals in Solution Extracted fn)ln 
Sediments at TA·49 (mgIL) 

Be 
total , 

Ag As Ba Cd Cr IIg Ph Se mglg 
---

Extraction procedure 
toxic threshold 5.0 5.0 100 1.0 5.0 2.0 5.0 1.0 N/A 

Limits of detection 0.005 0.002 0.5 0.01 0.04 0.002 0.05 0.001 0.01 

Stations 
A·1 0,01 0.002 0.1 0.05 0.1 0.OCXJ2 1.0 O,l)OI 0.0005 
A-2 0,01 0.002 0.13 0.05 0.1 0.0002 1.0 (l.OO1 0.0005 
A-3 0.01 0'()()2 0.09 0.05 0.1 O.O()O2 LO 0.001 (UX)05 

A-4 0.01 0.002 0.12 0.05 0.1 0.0002 1.0 0.003 0.0005 

A-4A 0.01 0.002 0.09 0.05 0.1 0.OCXJ2 1.0 0.001 0.0005 

A-5 om 0.002 0.08 0.05 0.1 0.0002 1.0 0.001 0.0005 
A-{) 0.01 0.002 0.1 0.05 0.1 0.0002 1.0 0.001 0.0005 

A-7 0.01 0.002 0.12 0.05 0.1 0.0002 1.0 0.001 0.0005 

A-8 0,01 0.002 0.09 0.05 0.1 0.0002 1.0 0.001 0.0005 

A-9 0.01 0.002 0.08 0.05 0.1 0.0002 1.0 0.001 0.0005 

A-to 0.01 0.002 0.15 0.05 0.1 0.0002 1.0 0.001 0.0005 

A-ll 0.01 0.002 0.1 0.05 0.1 0.0002 1.0 0.001 0.0005 

Maximum 0.01 0.002 0.15 0.05 0.1 0.0002 1.0 0.001 0.0005 

aBLD = below limits of detection. 

Table 0-3. Trace Metals in Solution Extracted from Sediments at TA-49. Taken from the 1990 
Environmental Surveillance Report. (ESG 1992,0740) 

• • 

Ni 
eN total 
mglL mglg 

N/A N/A 

0.01 0,01 

Om5 0.1 
0.02 0.1 
0.012 0.1 
0'<)15 0.1 
O.ot5 0.1 
0.Ql5 0.1 
0.015 0.1 
0.012 0.1 
O.ot5 0.1 
0.01 0.1 
0.015 0.1 
0.D15 0.1 

0.Ql5 0.01 
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Number or Results above the Analytical LOQ for 

Organic Compounds in Sediments froID TA-49 

T,lIle of Organic Compound 

Volatile Semivolatile Pesticide Herbicide J»(:8 

Number oJCompounds 
Analyzed 68 71 19 2 4 

Stations 
A-I 0 0 () (J 

A-2 0 0 0 () 

A-3 0 (I (J 

A-4 0 II 0 0 

A-4A 1 0 0 0 (J 

A-5 1 0 0 0 0 

A-6 1 0 0 0 0 

A-7 I 0 0 0 0 

A-8 0 0 0 0 0 

A-9 1 0 0 0 0 

A-I0 1 0 0 0 0 

A-ll 0 0 0 0 

Table 0-4. Number of Results Above the Analytical LOa for Organic Compounds in Sediments from 
TA-49. Taken from the 1990 Environmental Surveillance Report. (ESG 1992, 0740) 
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Table 0-5. 1990 Airborne Contaminant Levels for TA-49. 

Total Air 
Volume 

(m3) 

Tritiated water concentration 132.15 

(pCi/m'[1 0" flCi/mL)) 

m,2010 Pu concentrations 86,823 

(aCi/m'[10·'· flCi/mLJ) 

2111pu concentrations 86,823 

(aCi/m'[10·'• flCi/mLJ) 

241 Am concentrations 41,927 

(aCi/m3[10·'8 flCi/mL]) 

Uranium concentrations 86,823.30 

"Minimum detectable limit 2 x 10"8 flCilmL 

bUncertainties are in parentheses. 

No. of No. of 
Monthly Samples 

Samples <MOL" 

12 11 

No. of 

Quarterly 

Samples 

4 4 

4 4 

2 2 

4 0 

CControlled area DOE Derived Air Concentration;:; 2 x 1O.5flCi/mL 

Uncontrolled area Derived Concentration Guide::::: 1 x 10·7flCi/mL 

Data taken from 1990 Environmental Surveillance Report. (ESG 1992, 0740) 

• • 

Maximumb Minimumh 

3.9 (0.9) -0.5 (0.5) 

0.7 (0.5) 0.0 (0.4) 

0.8 (0.6) 0.2 (0.5) 

1.8 (0.5) 1.7 (0.6) 

44.5 (4.5) 14.3(1.4) 

Mean as a 
Percentage of 

Meanb Guide" 

1.1 (1.2) <0.1 

0.3 (0.3) <0.1 

0.5 (0.3) <0.1 

1.7 (0.6) <0.1 

27.2 (12.6) <0.1 

• 
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Table 0-6. Chemical Quality (mg/L) of Surface Waters and Groundwaters from On-Site Stations for four representative years. 

Total Conduc-
Hard- tivity 

Year Station Si02 Ca Mg K Na C03 HC03 P S04 CI F N03-N TDSo ness pH" (mS/m) 

1990 DT-5A 65 13 2.7 1 12 5 68 0 2 1 0.2 0.3 64 44 8.2 9.6 
DT-9 73 14 3.2 1 13 5 57 0 3 1 0.3 0.4 274 48 8A 9.68 
DT-10 53 15 3.9 1 13 5 67 0 2 2 0.3 0.3 200 53 8.7 10.4 
Beta 36 15 4.1 3.5 18.5 5 55 0.075 14.2 9 0.2 0.4 188 53 7.3 12.5 

1983 DT-5A 71 8 2 1.8 11 0 66 0.1 1 1 0.2 0.9 131 31 7.8 11 
DT-9 56 0 0.7 1.2 116 7.9 11 

CJ DT-10 
I Beta 48 22 6 7.7 67 0 126 17 30 40 0.6 43 335 77 7.5 48 ........ 

1979 DT-5A 50 3 2 2.7 21 0 76 1 2 2 0.3 3 180 33 8.4 13 
DT-9 40 5 3 1 11 0 27 1 2 2 OA 2 138 35 8.3 10 
DT-10 58 6 3 1.4 11 0 80 2.0 1 2 0.4 1 130 50 8.5 12 
Beta 

1975 DT-5A 10 3 11 0 60 4 .7 1.6 142 38 7.6 12.5 
DT-9 
DT-10 
Beta 10 1 19 0 52 10 .1 2.2 190 28 7.2 14 

Data taken from: 
(ESG1992, 0740) 
(ESG 1983) 
(ESG 1980, 0406) 
(Apt and Lee 1976, 0617) 



Table 0-7. Radiochemical Quality of Surface Waters and Groundwaters from On-Site Stations for four representative years. 

'H "'Cs 

Year Station (10" jlCi/mL) (10'9 IlCi/mL) 

1990 DT-5A 0.0 (0.3) 81 (71) 
DT-9 0.3 (0.3) 126 (71) 
DT-10 0.0 (0.3) 172 (88) 
Beta 0.0 (0.3) 76 (94) 

1983 "DT-5A 1.5 (0.4) -8 (48) 
DT-9 0.3 (0.2) -27 (38) 

0 DT-10 
I Beta 1.2 (0.6) 6 (100) Q) 

1979 DT-5A 0.4 (1.0) 5 (45) 
DT-9 0.2 (0.6) -40 (46) 
DT-10 -0.1 (0.3) -10(40) 
Beta -0.1 (0.8) 10 (80) 

1975 DT-5A 0.5 (0.8) 
DT-9 
DT-10 
Beta 1.3 (0.1) 

Counting uncertainties are in parenthesis. 

Data taken from annual Environmental Surveillance Reports. 
(ESG 1992, 0740) 
(ESG 1983) 
(ESG 1980, 0406) 
(Apt and Lee 1976, 0617) 

• 

Total Uranium 

(llg/L) 

0.5 (0.1) 
0.3 (0.1) 
0.1 (0.1) 
0.2 (0.1) 

0.5 (1.0) 
0.0 (1.0) 

0.5 (0.8) 

1.6 (1.4) 
0.9 (0.8) 
0.7 (0.8) 
0.0 (0.8) 

0.8 (2.1) 

0.0 (1.0) 

• 

"'·Pu 

(1 O' ~ICi/mL) 

0.000 (0.010) 
0.004 (0.004) 
0.008 (0.008) 
0.000 (0.010) 

0.035 (0.034) 
0.006 (0.028) 

-0.03 (0.03) 
-0.01 (0.06) 
0.01 (0.06) 
0.01 (0.03) 

0.00 (0.01) 

-0.03 (0.04) 

Gross 
23U<OpU Gamma 

(1 O'~ IlCi/mL) (counts/min/L) 

0.005 (0.010) -50 (80) 
0.000 (0.010) 160 (80) 
0.012 (0.009) 800 (100) 
0.004 (0.009) 300 (80) 

0.005 (0.024) 66 (36) 
0.040 (0.032) 123 (38) 

58 (36) 

-0.02 (0.04) 
-0.02 (0.04) 
-0.02 (0.06) 
0.01 (0.04) 

0.00 (0.01) 

0.00 (0.04) 

• 
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Table 0-8. Results from the Environmental TLD network at Area G and ten inactive 
rad-waste MDAs. 

Results from the Environmental TLD network at Area G and ten inactive rad-waste 
MDAs are summarized below. Above normal readings at Areas G and T are located 
near radioactive materials and wastes that are currently being stored above ground. 

The above normal reading at Area W is unexplained. All other readings were at 
background levels for the Los Alamos environment. 

Area X was discontinued from the Environmental TLD network since it is no longer 
identified as a rad-waste MDA. 

Fourth quarter 1991 TLD rad-waste MDA results summary. 

Technica.l MDA Mean C.V. Min. Max 
Area (mrem) (%) (mrem) (mrem) 

21 A 30 10 26 34 
21 B 26 13 21 31 
50 C 26 12 22 33 
33 E 27 12 23 30 
16 F 24 18 20 28 
54 G 41 69 27 170 
21 T 31 30 26 50 
21 U 25 15 19 28 
21 V 25 10 23 29 
35 W 49 11 49 49 
49 AB 26 3 24 27 

Data taken 'from IIQuarterly Report on Environmental Surveillance of Radioactive 
Waste Material Disposal Areas (MDAs) at LANLII by Keith Jacobson (Mar 25, 1992) . 
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Table 0-9. Log of Core Hole 2 
Cored by rotary with air for carrier 

Total depth of hole 501 feet • Completed November 30,1959 
Altitude of land su rface 7,137 feet 

Thickness Depth 
(feet) (feet) 

Bandelier Tuff 
Tshirege Member 

Unit 6: 
Tuff, very light gray to light pinkish gray, 
pumiceous;very fine grained ashy matrix; 
quartz crystals are clear with well 
developed faces and range from very fine 
grained to large granule size; zenoliths of 
light red dense igneous rock; pumice 
fragments up to 3/4 inch in length; 
limonite stains on fractures; 47.8 feet of core 
recovered. 78 78 

Unit 5 
No recovery, interpretation from gamma ray 
log. 2 80 • Unit 4 

. Tuff, very light gray with slight lavender 
cast; very coarse to granule quartz and 
feldspar crystal fragments; devitrified 
pumice fragments up to 1 inch in length; 
zenoliths of light grayish green dense rock; 
40 feet of core recovered. 56 136 

Unit 3 
No recovery. 55 191 

Thickness Depth 
(feet) (feet) 

Unit 2 
Tuff, light purplish gray, dense, welded; 
quartz and sanidine crystals up to granule 
size; devitrified pumices up to 1/2 inch in 
length; zenoliths of dark gray rock fragments 
up to 1/2 inch in length; 67.9 feet of core • recovered. 101 292 
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Table 0-9 continued . 

Unit 1B 
Tuff, light pinkish gray, pumiceous; quartz 
and sanidine crystals up to granule size; 
devitrified pumice 3/4 inch in length and 
3/8 inch wide; 3.8 feet of core recovered. 

Unit 1A 
No recovery 

Correlation based on recovered core and gamma-ray logs 

Data from Weir and Purtymun 1962. 
(Weir and Purtymun 1962, 0228) 

0-11 

195 487 

14 501 



Table 0-10. Sample log of Beta hole 
Drilled by rotary bucket 

Recent alluvium 

Bandelier Tuff 

Total depth 180 feet 
Completed February 25,1960 

Altitude of land surface 6,801 feet 

Tshirege Member 
Unit 1B: 

Tuff, light pinkish-tan to light-gray, 
pumiceous, friable; quartz and sanidine 
fragments and crystals up to granule 
size; mafic mineral stains and some 
mafic minerals; devitrified pumice 
fragments up to 1/2 inch in length; light 
yellowish pumice; gray glassy pumice; 
dark gray pumice fragments; samples 
from 61 to 81 feet are light red. Samples 
from 105 to 180 feet contain brown 
nodules of clay up to 6 inches in length; 
these appear to be large pumice 
fragments that altered to clay; the clay 
appears platy in places and near edge 
grades into highly altered cellular 
pumice; some gray rhyolite and light 
red latite fragments are found in this 
interval 

Drilling stopped at 180 feet in a 
rhyolite and latite tuff breccia, 
edges of fragments subrounded; 
ground mass a light brownish tan, 
pumiceous, friable tuff 

Data from Weir and Purtymun 1962, 0228. 

D-12 

Thickness 
(feet) 

8 

172 

Depth 
(feet) 

8 

180 

• 
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Table 0-11. Sample log of Alpha hole 
Drilled by rotary bucket 

Total depth 189 feet; diameter 2 feet 

• Completed February 6,1960 
Altitude of land surface 7,125 feet 

Thickness Depth 
(feet) (feet) 

Bandelier Tuff 
Tshirege Member 

Unit 6: 
Tuff, light-gray, moderately welded; 
contains fine to medium-size quartz 
and sanidine crystals and fragments; 
yellowish-tan to gray pumice and gray 
devitrified pumice fragments; light-red 
latite and gray rhyolite rock fragments 
in a fine-grained light-gray ash matrix. 
Hard layer was encountered at 54 feet 76 76 

Unit 5: 
Sand, light-gray, friable; fine to coarse-
size quartz and sanidine fragments 
subrounded; quartz has coating of 

• yellow weathering stain; fragments of 
tuff and pumice 2 78 

Unit 4: 
Tuff, light-gray; medium to coarse 
quartz and sanidine crystals and 
fragments; gray devitrified pumice; 
light-gray rhyolite fragments, 
subrounded; friable zone 78 to 85 
feet; moderately welded 85 to 128 
feet 50 128 

Unit 3: 
Tuff, light-gray, friable; medium size 
quartz and sanidine crystals and 
fragments; gray and white devitrified 
pumice fragments up to 1/2 inch in 
length; gray rhyolite fragments, pebble 
size; coating of yellow weathering stain 
around quartz fragments; large amount 
of very light-gray pumice; samples from 

• 166 to 189 feet are pinkish-gray and 
moderately welded 61 189 

Data from Weir and Purtymun 1962, 0228. 
0-13 



Bandelier Tuff . 

Table D-12. Sample log of well DT-SA 
Drilled by rotary with mud for carrier 

Total depth 1,821 feet 
Completed pilot hole January 25,1960 
Altitude of land surface 7,143.78 feet 

Thickness 
(feet) 

Tshirege Member: 
Sidewall cores from hole DT-5A: 

Unit 1B 
Tuff, light pinkish-gray, highly friable; 
greenish glass shards; rhyolite rock 
fragments. 

Unit 1A 
Tuff,' light-gray to light-tan, pumiceous. 

Tuff, light-gray to pinkish gray, 
pumiceous, apparently friable. 

No samples recovered due to lack of circulation. 

Unit 1A 
Tuff, light gray to pinkish gray; quartz 
and sanidine crystals and fragments; 
mafic minerals in fine grained ash 
matrix; light yellowish gray pumice 
with cellular structure; light red rhyolite 
rock fragments occur from 560 to 641 
feet; light gray rhyolite rock fragments 
occur from 580 to 641 feet; fragments 
of light gray siltstone occur from 610 

520 

to 615 feet. 121+ 

Otowi Member 
Tuff, light gray, pumiceous; quartz and 
sanidine crystals and fragments with 
minor amounts of mafic minerals in a 
fine grained ash matrix. Light red and 
dark gray rhyolite; light red and dark 
gray latite; white to light gray pumice 
fragments throughout member. 

Guaje Member 
Pumice, light gray, contains some 
rhyolite and latite rock fragments. 

0-14 

198 

91 

Depth 
(feet) 

370 

490 

500 

520 

641 

839 

930 

• 

• 
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Table D-12 continued 

• Thickness Depth 
(feet) (feet) 

Santa Fe Group 
Puye Conglomerate 

Fangolomerate member 
Conglomerate composed of rhyolite, 
latites, andesite(?), and light colored 
igneous debris. Other rock fragments 
include light red sandstone, pumice, 
and light tan clays. Some gravels 
appear well rounded 237 1,167 

Tschicoma Formation 
Undifferentiated latite and quartz latite: 

Lattite flow rock, light-gray to dark-gray; 
interflows of greenish-gray siltstone, 
rhyolite, and tuff fragments and clays 
occur from 1,221 to 1,225 feet and 
from 1 ,259 to 1 ,264 feet 126 1,293 

• Santa Fe Group 
Puye Conglomerate 

Fanglomerate member: 
Conglomerate composed of rhyolite, 
latites, andesites(?) and light colored 
igneous debris. Other rock fragments 
include light gray and greenish-grey 
sandstone. Some fragments appear 
well rounded. Light-Gray ash 
containing some of the above rock 
fragments occurs 'from 1,415 t01 ,431 
feet 138 1,431 

Tschicoma Formation 
Undifferentiated latite and quartz latite: 

Latite flow rock, dark-gray, some of 
appears glassy 26 1,457 

. Santa Fe Group 
Puye Conglomerate 

Fanglomerate member: 
Conglomerate consisting of rhyolite, 

• latite, and other igneous debris; light-
gray sandstone and brown clay 18 1,475 

D-15 



Table 0-12 continued 

Thickness Depth • (feet) (feet) 
Totavi Lentil: 

Conglomerate composed of bull 
quartz, quartzite, and much 
granitic debris. Also abundant 
volcanic rock debris; gray and 
brown sandstone fragments 52 1,527 

Undifferentiated unit: 
Siltstone and snadstone, light-pinkish-
gray, yellow and brown with lenses of. 
conglomerate; arkosic is some zones 
but containing much volcanic debris. 
Light-gray and brown siltstones occur 
from 1,555 to 1,580 feet; pumiceous 
zones from 1,585 to 1,595 feet and 
1,760 to 1,780 feet. Cuttings are finer 
from 1,775 to 1,820 feet 294 1,821 

• From Weir and Purtymun, 1962. 
(Weir and Purtymun 1962,0228) 

• 
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·~1~cal aDd _cal !:!!!!l.l .... or vater t'rom deep teat vella at 

TA-49, 1.0. AlaBl. Cow:!.tz. I. Mex. 

RelUl.ts ill pal"t& per a1ll101l _ ~~_ta per 'a1ll1OD acept &0 otberYue ""tell. 

\lell ur-5A \lell tr.-9 \lell ur-l0 

Analyo1. 50_ ;bal :.688 ~~ 4574) 

Date or collection! ,-1-60 5-7-60 5-5-60 9-22-60 
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1.264 L4T7 
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0 0 
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Cbem1cal analyses of tl:le 'l'sh1rege ~r, Bandelier turt at TA-49, Loe Alamoll County, N. Mex. 

BolA Dlrpth Strat1&npblc Cons t1 tucntB Sum 

cte.1.pat1aa (t.et) , unit iiI0
2 ~1l3 Fe215, FeO ' iijo cao ~O r;o H2O T102 '2611 Mii6 CO2 

CR-I ,8-40 Qbt6 12·1 1'.5 2.0 0.50 0." 1.0 4.5 4.5 0·55 0·32 o·err 0.08 <0.05 100 

ca-l!! ,a-40 Qbt6 13·11 13·5' l.Tr ·751 .16 1.17 4.5r1l 4. 4rJ:.1 .ll'~1 .14 .01 .01 100.52 
.18 

2-8 ,0 Qtrt6 12·0 1'·5 2.1 .24 .28 .67 '.7 4., 2.8 .26 .06 .06 < .05 100 

2-8 58 I;3>t6 13.6 13·1 1.9 .25 .}2 ·51 3·9 4.6 I.} .26 .06 .06 < .05 100 

2-U 52 I;3>t6 15.6 12·7 1.2 .,4 .12 .59 4.0 4.6 .lKi .18 ·05 .04 < .05 100 

2-Y 78 Qbt5 18.2 11.2 1.4 .,6 .12 .,0 '.5 4.2 .}2 .17 .O} .04 < .05 100 

C CB-2 1,0-132 Qbt4 Tr·2 12.0 1.1 .28 .04 .41 4.1 4.4 .28 .14 .02 .06 < .05 100 
• ..... 

Q) ,..c 58 I;3>t6 14.6 12.8 1.7 .21 .12 ·:;3 4.2 4.7 ·75 .22 .05 • ex> < ·05 100 

,.y 105 Qbt4 14.8 12·7 1.5 .28 .16 .66 4.1 4.7 ·51 .22 .04 .06 < .05 100 

,_~I 105 I;3>tlj, 14.18 12.51 1.50 .,8 .04 .87 4.l.#.1 4. 7~/ .41~/ .21 .00 99.67 
.15 

CB-, 46.5 Qbt6 12.6 1'.8 1.9 .4e .20 .61 Ij,., 4.5 1.2 .27 • ex> • err < .05 99·99 

""'A 85 Qbt4 Tr·O 12.1 1.2 .2, .02 .26 4.0 4.6 .44 .10 .02 .04 < .05 100 

""'Y 18 Qbt4 16.5 12.4 1.2 .25 .05 .26 4.2 4.6 .29 .14 .02 • ex> < .05 100 

ca-4 8} Qbt4 76.6 12.4 1.2 .29 .09 .29 4.2 4.5 .42 .13 .02 .08 < .05 100.22 

Except .. otbervhe noted, .. mp1oe 'ftl"e analyzed by rap1d arthodl s1milar to tlM:lse descr1bed 1n UBOB aulet1n l036-C. 

~te: Pau1 L. D. :n.:n., 8uI.lel D. D:ltts, Ivan 8. Bl.r1w. UId 01111800 Chloe. 

UPrDck ~1s clou by clus1au or oonventlanal _tbodll .. d..scr1bed by B111.,brapd (1900). AnalyIIt: M. X. carron. 

!I Dlltel'll1D114 by na. pbotCIIIIIJter by W. W. BranDock. 

NUpper figure tor ~O+ I laver t1cure tor ~O-. + ~ -TIle ~O quant1t)' tor SalplA ':rem hole ,.y at 105 teet detenatned t'roIII los. OD 1pit10n 1II111lls ~o . 

Table 0-14. Chemical Analyses of the Tshirege Member of the Bandelier Tuff at TA-49. (Weir and 
Purtymun 1962, 0228) 
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Figure 0-2. Plutonium-238 in Soil from Areas 2, 2A, and 2B. (Sohott 1990,0698) 
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Figure D-6. Plutonium-239 from Areas 2, 2A, and 2B. (Soholt 1990, 0698) 
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Figure 0-7. Plutonium-239 from Area 3. (Soholt 1990, 0698) 
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Figure 0-9. Americium-241 in Soil from Areas 2, 2A, and 28. (Soholt 1990,0698) 
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Analytical Tables 

LIST OF TABLES 

E-1 Baseline surface investigations 
E-2 (a) Area 11 surface investigations 
E-2 (b) Area 11 subsurface investigations 
E-3 (a) Area 6 surface investigations 
E-3 (b) Openlbuming landfill surface investigations 
E-3 (c) Small landfills surface investigations 
E-3 (d) Openlburning and small landfills subsurface investigations 
E-4 (a) Surface investigations Area 5 
E-4 (b) Area 5 subsurface investigations 
E-5 Area 10 surface investigations 
E-6 Area 12 surface investigations 
E-7 (a) Area 1 surface investigations 
E-7 (b) Area 2 surface investigations 
E-7 (c) Area 3 surface investigations 
E-7 (d) Area 4 surface investigations 

E-1 
E-2 
E-4 
E-6 
E-7 
E-9 
E-10 
E·12 
E·14 
E-15 
E·16 
E·17 
E·18 
E-21 
E-22 

The Screening and Analysis Tables in this appendix denote analyses to be 
carried out for media samples collected during the RFI for the TA-49 OU, as 
specified in the detailed sampling plans described in Chapters 6 and 7. As 
described in these chapters, roughly 50% of the planned samples (randomly 
chosen, plus all samples found to exhibit above background radio nuclide levels 
as indicated ·by gross alpha, gross beta, or gamma spectrometry 
measurements), will be submitted for analyses in an offsite analytical laboratory . 
Therefore, as per this strategy, "X's" in the Screening and Analysis Tables do 
not necessarily require that the indicated analysis be performed. The sampling 
plans in Chapters 6 and 7 must also be consuited to determine the required 

analyses . 
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.... _· __ ·-.·_--.-,--.-·1-1--1-1-1 

x_~I~x .X _XX 

l ........ --... -I.------ ........ --I---------Jf--I-+--I--I-I; ~~~! .. ~~~:=, 
1 

+--- 1- I--I--l 11-1----1----I-I-I---I-I--l-1 

1 .-- . --~~-
-----·1·--------1--1--1--1---1--1---1- + + 1------1--+·-1 

1 .. '- ._ ..... - /--.> ·I·I--+--~ 

.... 1- ._----1---.-, .. I I I 1--1··--1· 

1- -1---·-.. ----··--.. ------·1·--- -------1 

I-

f--.-

_____ • ___ M_., __ I __ •• "' ____ ._I ___ ' ___ I __ ~ __ I-I-I_--.-.J-l_-~-I--I-~I __ 

-·-·-·- .. I--.. ·I--~-·-'- .1------ 1-_~ 1----1--- • __ ·I ___ I~_I __ I_ ••• ' ___ I _~ __ I ~_._"' ----

----·--1------.... 1--... _· ·1~1--·1---1-l--1---h·~-··· 

121 12 121121 1~ 12 12 12 
_.,,_,,_, .. .. .... , I _ .. ______ .... _ 

Total number of screening and analysis 
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<t.l 
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• 
Reid Screening 

TABLE E-2 (a) 

Field or Off-Site 
L.al:x>ratory Measuremen1s 

SCREENING AND ANALYSIS FOR 
PHASE I SURFACE INVESTIGATIONS 

AT AREA 11. 
s 
(I) <t1 
co E 

~o 
li 

a! E 
li ~ E ~a.E:J 

Sample 
Type 

S,:,rface SoU Sample 

Sampling 
Location Interval 

Sample 
Identification 

]1 E 
a. <t1 
< Cl 
III III e e 
Cl Cl 

a (I) .~ .a s 
<ia! !!! Q. (I) 

IZ I ~ :: .[ :E 
oa!nl O 

c; Cl 1-0 10 5 !!!. a: 
0.0 - 6.0 In X X XI X IX I XI X 

XX XXXXX 

-----I--~ ~ ~ ~+~:-::+ __ -::-~:-I-::-:~c1-+-----t--+J-]--tLL1-tf~ 
5 0.0 6.0 In XX xxxxx 

_·_--------·--1 ------1-------
6 0.0 - 6.0 XX XXXXX 

I----l-+---+-il I I 1-----1-----+--1--1 
.~. ~-

7 0_0 - 6.0 In XX xxxxx 
c_~_ _ 

.~~_ X X ~ X}L 8 0.0 - 6.0 In ___ _ - -1-=rrtJtttttt: 
9 0.0 - 6.0 In 

__ . .0.0: 6.0 In 

XX XXXXX 
X- .--- i('-I-- -I I !-II---I -III 

------- _. ~ __ -1 __ ' - X }t~x.._X 

0.0-6.() In_ X X_'-I ____ !-.!.! X X I 11 __ 1 
12 0.0 - 6.0 In X X X X X X X I 

----·-----13 --O.O--=-S.!fiil--·---- I - ------ ---- X X x x X- X X -t--+--+----j---I--I---I-+-

14 0:0 -6.0In-----i-x- --X --+- -X -X- X _-X -X-r 
- 15 0.0 -t:'-'OTn--- Ix x -X --XX "X-X 

-----17'.1 :0 60", ---1 B -- 0.0 6.0 In --------1 19 -0.0---6.0 In 
________ 20 .!1:.£.OJo __ _ 

-+-+-I-----+-----l---l~-·-

-------16 0:0 c 6.0 In . - A. A. -:-)( X X X X - I 
" .." .." X X XGl --1---- .---

X X -- 1--- --. X X X X X 

-~- ~- :=:~ ~~ ~.x J.~ __ I -.t 1_+++ +1-1-+-4 

_ QAJQ_C=---__ 

BLI1§.?Je BJ~!l~ ___ _ 

Field Duplicate 

Bald BlanlL __ 
- - I 

--1--1--. 

-1---1-~~u---!~~II-~~~1=rl~II-' 
-----.. --------- ----j-Xi--lt - --xl-~J~l~x~. -+ 

-1--------1 - +--+-+-l-I"I +-- --11-1-- ~ ----I---I-------1-f--j---J--

.--------- ----~-I-I___1__-j-l- 1---1 --'-1-1 

-I -I---~---I--+ 1------1--1- I -- 1- 1 1---1 

• 
it .... 
i;' 
:Ii: 

('oj 

w 

It: 
ca 
a:: 

i 
ii: 
IX 
:!:::: 
C 
:;) 

:f1 
! 
!. o 

~ 



• 

Field ScreenIng 
Field or Off-Site 

1...aboIa1ory MeasuremenIs 

TABLE E-2 (8) Continued 

s 
SCREENING AND ANALYSIS FOR i:':' 5 

PHASE I SURFACE INVESTIGATIONS 
Q) co 

!'II ~ 
E E ~ AT AREA 11. 

Q) e ::l 

III !'II 

~ I E i .!!! «t E ::l 

* ..c E a .~ 0: .Q. !'II 
« C) « 1\1 (J :2: 

Sample Sampling Sample (/) (/) 

~ 
E :::l '5. « 

(/) (/) tli ]i ~ 
a:: 

Type Location Interval Identification e 0 () 
C) 5 C) C) tJ2 a:: 

Surface ~()II~ample 20 0.0 - 6.0 In X X X X X X X . _-_ .. _----------. I---- .. - . _. -
21 0.0 - 6.0 In X X X X X X X 

__ _____ •. n'··_ I··· I--- f-. .... -
22 0.0 - 6.0 In X X X X X X X .. f--

23 0.0 .. 6.0 In X X X X X X X 
f-. 

24 0.0 -6.0 In X X X X X X X 
1 

. 0.0 - 6.0 In 
f-. 

25 X X X X X ~ X 
1 f-- -

26 0.0 - 6.0 In X X X X X X X ... 
27 0.0 - 6.0 In X X X X X X X 

I· 

I 
28 0.0 - 6.0 In X X .! --~ )C X ..!. 

'-'-'" -

I·· .. __ ... - ___ 29 _U,O..:J3.0 IlL .......... _. --------- X _X ----- f- - .. X _le .X _X .. X . - 1- - .---

30 .. (J.O -6.0 In_ .. __ ............... X X . ..... i .. ,- X X It X X - ,. 1- ... .... .-~.-.. -- ----. ----

31 0.0 - 6.0 In X X X X X X X 
32 -----O:-O-=-6-:011l' -X --X X'-X' IY --X "X 

--J3 -, 0.0 - 6.0 In ... - J( -X XX X -X: 'X" 
I ~ -0:(j:-'6:lYlil"-'" X-X 

1 .. _ .. '"~. I .... 'X X -X' --X Xl-- .... __ .. f-- --. I--f--

35 "-0:0 : 6.0 In .-- ----------- -X X I .. - _. 
X "X X .1\ .1\ 

1·--· .. --36 0.0 - 6,0 In I··· .. · .. · .. · -X 'X '''X X X 'X X .. · 
37 0.0 - 6.0 In ..... _. X X X X X X X . -.. _-

38 .... 0.0- 6.0 In ........ , --_."'----'-- X -X _. ...... X X X . X X .. .-." --
39 0.0 .:..6.0 In .... ,,.-----~ X .. ~. I_I·· X J( IX ..x. X 

40 0.0 - 6.0 In ' __ 4'. X .)(. ..~ .. ~ )( .. X X 
.-." .. .,~.-- - f--

OA/Oe 
'w,·_,~~~·~··_'''~k'''' "~,~ . --~--~-- '-' .... ",~-~ _.".-. ..... 

Rinsate Blank X X X X X X X _ .. _ ........... - ..... 

Field nllnli,,;>tp X X X X )( . X X 
.. - 1····- 1·-

Field RI;>nk --- -_._-- ~. -X I--- f .... J( ..J( X Jt X I· .... · "--- ._----- .. 1-· ........ . " .. .. 

._. ....... _------. .. ~-I--- I--- 1--. . - I- 1-- .... 

.-........ --_._--'---_ .. _-_._._ .. . ....... --. 14 I----
2~ 

+--1·· 
Total number of screening and analysis 4~ 4 4E 2~ 2 
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Field or Off-Site 

ReId SCreening L8D0t'iI1DIy MeaSI.IR!fllen1 

TABLE E~2 (b) 

s 
SCREENING AND ANALYSIS FOR ~ ;:; 

Q) 10 

PHASE I SUBSURFACE INVESTIGATIONS as 'as E E ~ I AT AREA 11 (SWMU 49~OO3). 1i) 

~ ~ 
:::l 

III as E 
'2 

til E 0 (/) 

S- :::l :; 19 ..c: ~ ..c: '~ a. a. 0.:: Q) 

« (9 « ~ (.) :E 
Sample Sampling Sample (/) (/) 

~ 
:::l 'is. ~ ~ ~' <II (/) ~ ~ ~ Type Location Interval Identification e e ~ Cl Cl (9 (9 !!l. 

~~_rf!.h,~I~ Sample 1 0-3 It X X X X X X X X 
-,~- ~ r--~~ ~ 

1 3 - 6 ft X X X X X X X X 
-- -~ 1-i~~~-- f-- - i~~~~~ 

6 - 9 It 1 X X 
f-- i~~~-- ...! X X X X X 

-~--
.,,, ,--r--~.,. -.. - .. 

2 0-3 It X X X X X X X X -- ,~~~~~ -.---- ~-~~~- ----

2 3 - 6 It X X X X X X X X 
-~ 

2 6 9 It X! X X X X X X 
------ ~-~~ 1- -

3 0-3 It X X X X ~~ X X X 
c~~~ - -------- ~---,~- ----

3 3 - 6 It 
~~-~-i--~ 

X X -~ ~~ X X X X 
I--~ -.- ._. __ ._---- I-~~~ ~ 

~. ___ 3.- 6 - 9 It XX X x X -- ---- --~ x X 
I~-~~~ --- ---

. --.~~--" I------~ O~ 3 It _______________ ,_w,_ ~J( ,.x. ----- X X X _X. X_ X _._.~ .. , ,----- ._-- -
.1 _~.-=-~ It .~ ~ ~ ~ 

X X_ -- - ~ x X X X X -_. -----. "- 1--
4 6 - 9 It X X X X X X X X 

---_._. 
5 0- 3 It X X 

-- . X X X x x x 
- 5 3 - 6 It - - _ .. - _._- X-X x--x- -x --X X- -x - - '- ._-

~----~~~ .~-. 

5 - 6-'~n-t - ~~---_ .. _----x X --x A 'Xl( x x 
---------- 6-~(F·:rlt 

_._----- x -x~ X x~ x x 'x- 1( -~~. ~~~ - ~~ 

-- --.... --~'~~-6 3-ilft ----~~~ --------------~--- X ... x --x ·X x X :X --~~~ -- -----

-~. ~--6 ~~~6 91t-~~- X X - - ... " -x v v vi X v -----~..-

••• _L __ ~ __ 
--~~~ -----,._.- -~~~ ------- .. -... - ... ----

QAlQC . _--- ~--~-. ------- . ---------- _. -- .----- .. --
~ BirlsateBlank ._- ~ ... ~,,~ ~ x _x y y y y y 

EieldDuplicate __ ~ ---~ -~~- -- __ .X -X ._X -X_ v y 'It' -X 

FlaldBIank ... _--- ". ~.~~-- ----- ·-X X --- .~- . ..... -X -X ·x -X· -X .X --

---~---~- . .... I· .~~~.~ ,--I- -- _. I ...... 1-·_·- I~-~· .. ~--- -- -~ .. ~~~. ,~ - 1-" 1-' .-~ _. - - ., 

.---0- .... __ .... ____ • __ T ___ - ----- --- - - I-.~~~ ---- ----- -~~ I~ 1--- -~~ 

.~---. 
~ . ! ~ 1-- i-.. ---- ---- -~. . .~~~ r--- ~ ~-~.-- I~'-1--- ---- - 1-- -

.. ... ~ .. . - .. ~. 1-- _._- ~ .. ~ I~ ~ - t~ .. -~· 1-- ---- --- ----

'--r-
----- '--1-

--~ 

- ~ 

_._- -- -

. ~~- -

.--~ - --
.. 

~. 

..... 

. .~~ 1-

• 
m .,.. 
~ 
:& 

.,. 
w 

c 
CII 
ii: 

j 
Ii: 
a: 
::::: 
c: 

:::J 
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l ..... 
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TABLE E-2 (b) Continued 

SCREENING AND ANALYSIS FOR 
PHASE I SUBSURFACE INVESTIGATIONS 

AT AREA 11 (SWMU 49-003). 

Sample 
Type 

Sampling 
Location 

Sample 
Interval Identification 

Field Screening 

III 

iii E ~11ll 
.s::: E a. III « (!) 

I~ ~IU) ew 
(!) (!)I 

~ 
1) 

III E 
1) g 
~ !6 E 

::::I .s::: a. 
-~ a.cn 

« ~ :::l 

~ ~ ~ (!j (!j 

~ g 
E ~ ::::I 

~ 
U) 
~ 0.:: 

t.l ::E 

I ~ ~ 
( 
~~ :no 

Field or Off-Site 
Labora1oly MeasuremenIs 

X X 8 0-3ft ---_. E3orehole Sample f---+--I___I--+---->-X X X X X X 1-+ 
X X 
X X 

lX X 
X X 
X X 

8 3-611 

8 6 - 9 ft ----_ .. _-
1 _____ 9 0-3 It 

------------

9 3 - 6 It 

9 6 - 9 It 

'-I 1 1 1 I I I~-l--

X X X X X x 

xrx X X X X 
X X X x

l
)( --xt.-J='-

~~ 
X X X X X 
X X X X X 

1---1 --I 1 1 1 1 1 1 -1--1-,-,---

10 0- 3 It X X xx X X y y 
----- ------

10 3 - 6 It 
---- ~- .. ~-.--
10 6 - 9 II -----

.. _11 _._0_-.. 3 It 
11 3 - 6 It 

X~ X X X X X X . _ _!+~ ._____ ___ ____ _..! . X X xx ?<__ ___ I~ I --------~-~ --I-I-- -~-~ ~ r~ -~- -~ - --- ---- ----I___ 

- .. -.- --·--·1- -- ----=:. - ----- - .------- ------1-- --I-- I-- -1___+----.,-----. 
11 6 - 9 ft xx XXXXXX 
12 ---cF3It·-------·--I-------------I-"x+-X-- I -- X X X X X --X--- -.. 

·--------1---1-') --- xhc--1-1----X-:-X-x 1\ 1\ 1\ I I I 
X X X -X-X-r-x- X X-l-t~1 

-13 -0--=--3 tr--- -------+-------I-....+J\.-vJ\.+-I- X '-XX--r-x X rx ----------
--13 ---3~6-1I- J\ J\ X -)( XXX -x- -1--

·---14 ---'lO-15ft X --X-X-I---- --X--X -X---X--*" I~ I I I I 
____ tS_lO_ntSftX .-X -X-i----- -X --XX--X--X-~~--- -1 ~-

11---1-1--1 I I I I I-I-+---I I 1-, 
XIX IX.LX.! X I xl x ::~~~~~~~--~~·::::J=-=-=~I= -- ----·1- . --·-_··---·I---I-I----I--l----·I·.-.-.-XIX 

Field DUPlicate-I t---- _' ___ ' __ ~'I __________ '_' __ '_' __ ' __ I_XX 1----1 
Fiald-Blaf.1k----- . --- -X -X ~-~ 

XI X ptt X-I X ~-XJ_x~,-I-l--I--.I---f- ,-. 

X x..lx- -·x -x-lxlx-.--.-.-- .--.--
-------I~--- --------1---1---1-1---, -··-I--l---I--~--I-,-·-··--,--,---·---·--·--·-

1--
. ---:~~-=[~---

-.- ···_--------1-------_ .... _---

Total number of screening and analysis --------I4(j"4$"2-I-.. I--I4$ ~ 231~3if2f2·-- . 
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TABLE E-3 (a) 

SCREENING AND ANALYSIS FOR 
PHASE I BASE INVESTIGATIONS 

AT AREA 6 SOIL 
Contamination Area [SWMU 49-008(a)] 

Field Screening 

6' 
~ 1"-G) 15 

al all E E .?; , 
G) G) E 2 m 
IDEal ID~EB-; 
~ ~ ~ ~ - ro -a ~ -aim '2 ~ G) 
«'<!) «al!!i!o::! 

Sample Sampling Sample gj l:l III ~ ~ 'g. ~ 

Field or Off-Site 
Laborabry Measuremen1s 

Type Location Interval Identification e e e ,~ ~ '0 0 
(!) <!) <!) ""' I- <Jl II: I 

Surface Soil Sample 1 0.0 6.0 In X X X X X X X _ .. " . __ . __ .. ______ . __ .... -..... --.-." -- ...... ---.. -- -. --- i---+ .. ----- ----.-,.,-- .--- .-.... -... --- .... ·1 ·-··----1·-·_·-- - .-. 

2 0.0 6.0 In i.- X X _+ X X X X X 1--.- 1 
3 0.0 • 6.0 In X X _I-- _l!:~ _)(. !...!. __ -1-
4 0.0 - 6.0 In X X X X X X X 

.. _·1-- " .. - -- 1--1 .. · -.-f-+------.f-.. +----I--+--

+--
5 0.0 - 6.0 In X X X X X X X 

6 0.0 - 6.0 In X' X XI X X X X 

... -----.+-- .:--~.~ ::~':~" __ 'u ---.~~ .. {*=~~_'i~'r{~*-~*.I._J [I-I-IJ 11-4-~ 

QAJQC 

Rinsate Blank 

9 0.0 - 6.0 In X X X X X X X 

.10 .. 0.0-6.0In _____ . ___ .. _. JLJL __ .. _Xx..X._X X .. I 
11 - 6.0 In X X X X X X X .. ---i-----'-· ... --.--- .-.-. .-- L~_ =- .. 
12 0.0·6.0 In X X X X X X X 

... -_....- --- .. - ...._- _ ... 

13 0.0 - 6.0 In 

14 0.0 - 6.0 In 

XX XXXXX 
-------- .. - .. j ... --1----- ·--r--

XX XXXXX 

15 0.0 - 6.0 In 
-------~ .--1--.---

X x'x-3txx'X 
_. ---~f------

16 0.0 - 6.0 In XX XXXXX 

17 0.0 - 6.0 In X X X X X XX - ---
.. - .. ~+ .------~ 

18 0.0 - 6.0 In X X --- ·'X -X x- xX-'- -- -----I 
.. ---.-.-- ... ..::.:.---'-".-.. .- .. -.--.. ------·1 

19 0.0 - 6.0 In XX XXXXX 
-_. --.. --+- -- --i' 

vi v Iv 1 XI X 
:+-~-. 

F,i€ll(j Ql,lplica.te __ I ___ _ ~[:-1!1~1~ I ... I 

1- ---u-----i: ~I L '-I "I "I" I I I 
+--+--+1 ---4ll--il-l--+--1·l--f--I-+-

Field Blank -- . 
-'-'-"-" 1--1--'1--· 

.. --~---------

_~~ ___ ~ ____ " _____ .J _______ ._~ ___ ~" 

Total number of screening and analysis 
------=t~J~t--tF-I-2f~t~~11 . ~ 24 1"- ~ 11f1~ . , ' . I ' . . . . . , . ~ L--______ ~ 
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TABLE E-3 (b) 

SCREENING AND ANALYSIS FOR 
PHASE I BASE INVESTIGATIONS 

THE OPEN BURNING/LANDFILL AREA 
(SWMU 49-004) 

Sample 
Type 

Sampling 
Location Interval 

Sample 
Identifica lion 

Reid Screening 

til 
Q) 
III til 

Ci! E 
.c E c. til « (!J 
U) U) 
U) U) 
0 e 
Ci (!J 

~ 
til E .... e 
~ ~ E 
Ci! c. .= 
.c en :a 
.9- as '-« E :> 
U) E -:g n:I .e 
~ '" 0 (!J ..., I-

x x 
x x 
x x ~ --------+-1 ~ 8-~1-=~~-1~ ''/''11 1 II~-Surface Soli Sample 0.0 - 6.0 In 

21 0.0 - 6.0 In 

3 0.0 - 6.0 In 

4 0.0 - 6.0 In x x XI XIX 
5 0.0 - 6.0 In x x XI XIX 
6 0.0 - 6.0 In XI XIX 
7 0.0 - 6.0 In 
-

8 0.0 - 6.0 In 
~ ~~ __ • ___ ~T_' _~ _____ 

XI X I X I XI-~I---i-I-----i-I---i----l-I---l I I II-
iIxlXTX X ---,--,-,---,--,--1-1---. 

9 0.0 - 6.0 In 

0.0-6.0111 -,---

--.. ----.. --.-I·~-I-~·I·.·-+·-·I--I-il-~··I~~I-~i·I··i., .. -,.--,--- .-
. -

-----------·1--------- --.-. ---- -..... -.--.-------.--- -
10 

. ____ 11 __ Q,Q~6-0 In .____ _ _ ~~ ..XI_I ___ I_ P(I X IX 1 X 11<, ,- --, . 
12 0.0 -6_0 In X 
13 0.0 - 6:O'-n --.- X -_. - -- -- -- -- -- . . 

I-------I----~-:-:,! ~~-iii~ ~;~=-+---~~~~;~I-l-I ri i ~ i~=:~~ 
IOA/Oe.: __ -I~- 17. __ <!.-_______ .-~~_~===~ .-..... ____ -__ ~.-.--=======-=~:=_==~=~=!= -=t-_ ~.=~=--- __________ 1--1.-1--1- ... 1 I 

. ,-----·1--·-, --- .,--.--.•. -.. - .• ---

Rinsate Blank 

E1e.ld_DuPlicate __ I _______ 1 - I .--- --- -----, ~I~I-+=J~I i~~il~11 U-1=1=1=1-I=I-j --t=C::: 
r=leld--Blank-----· -- ~~LI-t -xGkG ---I-.---L--.--

'~'--i 1 1 I---

1----1 f-+-I-+-I-I-+-·-+--------t------ 1 1 1 1 1-1-,-,---,----

\ ·_-----_ .. _···\·-----1-- ------·1 
-------- -_._---------

---I 

-1------1-1-1------1-1-1--1--1-1---l-1-+--1-1-1--1-1-1--1-1----I-1-1-1 
---·-------------~l---I-~I---I-I-I-+-----j-f__I___I-I-I--__l--I-I-I-1---,-·-·--.,--

L. 1 1 1 I-.J .. -I-j-I--I--I--I-J-~~I---I--ml-

• 
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iii 

c: 
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TABLE E-3 (b) 

SCREENING AND ANALYSIS FOR 
PHASE I BASE INVESTIGATIONS 

THE OPEN BURNING/LANDFILL AREA 
(SWMU 49-004) 

Sample 
Type 

Sampling 
Location Interval 

Sample 
Identification 

• 
Field Saeening 

.ill 
\l) 
!Xl <tI 
'iii E a E « ~ 
~ ~ e e 
(!) (!) 

6' 
~ 0 
~ E ~(f) 

~.ill e .2 ~ 
°E5!!1 8. :J :5 .ill .c .- - \l) a.(f)lija.."" 

- '" ~ (.J ..c::: « E :;:) '0. 1« 
~ E [iii Blct e <tI 15 0 ,U 

(!) (!) I- !!1,1I: 

Field or Off-Site 
laboraIDIy MeasurerneoIs 

x leX X~-ffX 18 0.0 - 6.0 X X X X X .. ~~. ___ _ 

_1 ______ 
19 o.~ -6:0 X X -x X --X!. = =-EEI J-=lj_.J.J_J __ .. _. 

Surface Soli Sample -l-----I-I---l---I--I--I-I---I-----I---I---

o.~.~:() X X X X X . __ LC-
-1--1--1-1--1·-

I--------~~----

25 0.0- 6.o. In 
0.0 - 6.0 In 

--'"--.-~"--- - - -
2Z ~Q.!t:Ji .. Olo ... __ I ______ ~ ___ _ 

.. ~8 O.O~~J)Ir1 .. _ 

.~--.~.- 1-----: 2~1_9:~~0 In 
30 0.0 - 6.0 In 

QAlQC 

Rinsate Blank 

Beld Duplicate 

fleld-Blank----

--- 1-·--· 

~ 

______ N __ 

31 0.0 6.0 In 

32 0.0 - 6.0 In 
33 o_n _ f; n In 

341 0.0 -- 0.0 In 

----l~-

TotSillumber of screening and 'IInlllysls 

XI X 

~-----jl :1 ~ -

'~"~'----I 

~ __ ~~I---+---I~I__I-I--+nl-.I--I ... I--I--I---+ ···I_I---I-~_' .. ---·I--+-u I----I~ 

--'+--1-- -1---1--'--1 ---1-1·--+---1----1--·-·--·-

----_·"-"----··-+--.. -1 .. · ·1 .. ----- .. 

.- , .. ------1---.. ·-- -1---1-1---i-1+~'-

'-4d'4" 4. 4Q 2~2Q2C +--+- 1 .. ----·· __ • .. --_·---

• 
i ,.. 
1;' 
:::e 

CICI 

W 

c 
.!! 
a.. 

S 
Ii: 
a:: = c 
:::> 
CD 
:is 
l! 

! 
~ 
~ 



• 

TABLE E-3 (c) 

SCREENING AND ANAL VSIS FOR 
PHASE I BASE INVESTIGATIONS 

THE SMALL LANDFillS 
[SWMUs 49M 005 (a) and (b)] 

.0 6.0 In 

1-------1----- I-- ------- -----------1 

------ -------······-1 

·_--_·_----·------·-1 

Field Screening 

---J ---+~----

XI X 

I 

1 I I I I I I I I 1 I I I I I I 1+-

+-1·1+·-1--
r 1-1-.-

.. + .... +~-

1------- I 
·····-·-----II-I-----·ttl--Ll--I--=~W=ti~-t.U •• · W=-t-.---

·---1---1---1-1--+-· -+-+---+--+-1- 1 I----l----jl-+--l--

1··_··· __ · ------··1--------- 1-- 'I I ------,----'0--------'--

--- , 

-----------1---------1-1--+--1--+-1 I I I -1--+-+-+_ ....... , 
1------- --.. 1··-1---··'· ---.-----,.-. 

1-------_·-------1-----· ._, ~--I-----'----'--.--' ·····-·--.. , .. -I-I---I-~-·I-- ·I-..J--l--I--I--f--

------_·-----·-1--·---·_-_·_·(----_·_-- ·----1 .-,-.,-~".---.--.~---,-- ---.. - ·----·---,--.-,---+------1-1-1---1--1-1-1--1-·----·-----·--
-~---- ---,---,-,-1-- -.• -- .... --.-- .. J=J=O= 

., 

Total number 01 screening and analysis 4 I 4 212 

• 

Q) 

w 

C 
1\1 
0: 

~ 
u:: 
a: -C 
:::l 
.!! 
.Q 

I! 
!. 
o 
~ 
~ 

• 



• • • 
TABLE E-3 (d) 

SCREENING AND ANALYSIS FOR 
PHASE I BASE INVESTIGATIONS 

THE OPEN BURNING/LANDFILL AREA 
(SWMU 49-004) 

Sample 
Type 

THE SMALL LANDFILLS 
[SWMUs 49-005 (a) and (b)] 

Sampling 
Location Interval 

Sample 
Identification 

Field Screening 

s c:- ,-
1» g 

lU III 8 'E s: 
• • ~ ~ C/J 
COlU coo C~ 
til E til <1/ Eo.!!! 
.c: F .c: ,~ .:1 :;! !!! 
Cl.1.'i! Cl.wca.Q) 

<C (!) <C ~ :5 .Q ~ 
UJ U) U) Cl. « 
U)fl) U)F'iijoa: ee e ii (500 
(!)(!) (!)(!)I-.!!!a: 

Field or Off-Site 
LaboIatOIy MeasurermnIs 

_Borehole Sample 1· S.IL, ~ ~-!~Xr-!!+-!I-+-l-I--f___I--l-++___+_+_ 
1--1--1--··1-1 .-+----i---I-

--1----1 

1 510ft __ X X ___ X X X '~~~r--f 
r 11~_r~:~~it Ir1f-:=f-r-i~i i i i-i- ---_tf---+I-l~--I--+l-t--l 

-g ------ -- --f------~I------ ---. --I--

2 5-10ft X X X X! ~ .. ~.~. __ -----1 2 '-"10-::-1S«------------ -----------X-X'---x'-xX X X X ,~ , ___ _ 

1 1 - Sit ___________ . ____ i':X: ,. X X X X ~_ ~~~r---t~I.~t~=f-Lt- !-----l--~~ 
3 5· 10ft . ~ __ "-,__ >,eX XX Jt_!~_ --f---- =1-- c:: . 1·-

-~l----I--I----I--- -_1_----" 

,----1--- • -.-.- i----+--X X , ______ .>.C , .. .! !.,!~ ..!+ ____ _ 

liJ-~_._ i i ~,~~~~:_---II-I--
XX XXXXXX • 

."1 X X X X XX,i~=;=r-EfB----------tt--t------l-.h 
l~~-.--+ X X X X X X . ______ .,_ .. __ 

XX X X X X X X ____ . 

31 1 CI.-=-15 It 
4 1-511 

__ . __ .,~_I-. "" ___ .1 S - 10 ft 
_ 10-15ft 

----S81. ~5_f1 ---1-- "5 (5ii~ 
S 10·15ft 
- "--

4 

~ 

X X ~-!~-)( 
XiX X X X X 

---" ~'-'-r---:-:---- ---- -". "--
.! !.r-!. -~ ...!.~I 

-- +-. ---I-~-I~-+--+--I-I 

.,-+-----l I I I I 
QA/QC (Core) 

Rinsate Blank 

fLeld DuQliQClte __ I __ _i--i : -ii'ri- -r-:I·FlfFEEEE 
Field Blank XXX XXX 

----- .... ------- c .... _'"~ _.~ _ 

---~I--~ --1----1--._ .. -._.--. 

1··_· ,··--·--·1" .. "" 
, ----1--·_· I- ---.-.---_.-.-.---.-.--+-1--

8l 
i,;' 

:'IE 

o ..... 
ILl 

j 
a.. 
~ 

~ 
ii: 
0:: 
~ 
c 
;:) 

.!! 

.D 
I! 
!.. 
o 
~ 
~ 



lI.J 

~ 
5i 
"( 

~ 
~ 
iil 
.!;,! 

~ 
"( 

• 

TABLE E-3 (d) continued 

SCREENING AND ANALYSIS FOR 
PHASE I BASE INVESTIGATIONS 

THE OPEN BURNING/LANDFILL AREA 
(SWMU 49-004) 

THE SMALL LANDFILLS 
[SWMUs 49-005 (a) and (b)] 

Field Screening 

s 
~ 0 
III 10 

ro ro8 E3:J Q) q; b .2 ~ 
CO co CO c: II) 
CilE CiI&lE.e-.c E .ca.r-=.=l'!!t> 
0. co 0. !ij1l..1ll1ij 

Field or Off-Site 
I..aboraIory Measummen1s 

~(!) ~ro ... (.)::p 
Sample Sampling Sample :z :z :z ~ :: 'g. ~ ~ 
Type location Interval Identification e e e r~ ~ '0 0 t:; 

(!) (!) (!) '-' I- (/) a: :t.l 

I .. MODI.samPI. j ~1o~t:Y-=ii= ~ ~ ~ ~ ~ ~ ~ =jiJI!!m!m[! 
9 5 -10 ft X X X X X X X X 

----e-+-+-+--+-I--+--H~I-~-I--GE!:_I~!IJf I n___I_ 1 1 1 I I--I-l-----l-

-- ---1--------------1----------

----~~~ I~.-.-·-· ---------------------i--

-----------j---/--t-- --_ .. - 1--- -- ------ ----- - ,---,-
--- I I----I---I---+---+--+-+-+-jl-II-+---- - -

1---- 1---- --

i-- ---

1---------------------·---·-- b._ • _~_ 

----I 

--I I l------+-----i-I-I-+--+--+------I-- f------j--- .---
QA/QC (Core) 

---- --- --- --I-+---+--I--j--j-----, +---
RJr'l~ate Blar!k ___ I___ I -------------.. --1 

XX XXXXXX ------- ----- ----- r-- r- -11-1--

Field Duplicate ___ I ____________ I ________ ~---.X.-.x _+__ __ X X X X X X 

FJ~I_<!J!II'!.r'lk ______ +--- ________ , XX XXXXXX ------------1-- ----- I- -- 1----

I-+--I:~- ---~.~.-. __ .=-._~:-~~:-=~ ----.---~------ .. 

-.-~- ,-_._, --" 

Total number of screening and 8nalysI8-----------
1 1~2r-11----1~~1aJ 1 -1~ -1f-:-

• 

~ ..... 
it 
:E 

..... ..... 
w 

c 
..!! 
Il.. 

~ 
o 
3: 
Ii: 
a: 
:c 
c 

::;) 

.!I! 

.a 

i 
o 
~ 
~ 

• 



• 

Sample 
Type 

TABLE E-4 (a) 

SCREENING AND ANALYSIS FOR 
PHASE I BASE INVESTIGATIONS 

AREA 5 

Sampling 
Location Interval 

Sample 
Identification 

• 
ReId Screening 

s 
Q) <ll 
III E 
~ E a. <ll « CJ 
:z :z o 0 

~ a 

s 
~ (5 _a; (0 

«l E E s: 
Q) e _= ~ 
~~§.§-al 
li~·E£-a; 
-«leo:!: 
« E :::> '0. « 
:ZEiijoa: 
2 «l '0 '0 0 
CJCJt-..!!!a: 

Surface Soli samp~ ___ ..!I __ 0.0 • 6.0 In 

-- .. ----1---, 2 0.0 - 6.0 In 

____________ +1 xl! 
xl X 

x X X X X 
X XiX X X 

3 XX X -x-txx X 
_.------- ----- -- - "-.-

4 0.0·6.0 In _1__ XX XXXXX 

Field or Off-Site 
LSboraIory Mea.surermnIs 

5 0.0·6.0 In XX xxxxx 
------~~~+_+_~ -+_+_~--~+_~_+-4-4-~' 

6 0.0 6_0 XX XXXXX 
XX XXXXX 

1--1--~~~-+_+_~~--··--~~_+_+_4-

1-
X .)(. _________ !~X_! 

I 
X X X X X X 

-------- ---~ - ---.- ._- - -

x. X __ . ___ X __ .X X.1-LLt--t--t--I-

1----···,·· ------i-! -.~_)(:x:x_I_=_:X+_=__"X+_t--~~ I+++--+-+_-f--f---
1----· 

XX XXXXX 
------------·-I------I---~-~-~------I-------------+_-I-~- 1--+-+-+--+_~1--~+_+_+_+_4-----+---+-···· 

__ .I ___________________ I--=-X~I X X X X X X t--t--~--t-

191 0,0·6,0 In 
20 0.0 - 6,0 In 

·_------------1--------
QAJQC 

Rinsate Blank 

Field Duplicate 

Field Blank 

XX XXXXX ---+- .- -... ----
XX XXXXX 

-------- --
XX XXXXX 

------I- - -- . -.---

" ___ L ___ • •••• ___ _ 

---- ------------- - ---- -"--.... -~ 

--.-.. ----------------I-LL]~~~=LI~-
.. 1·_ i 

X! X XI XIXI XIX 

X 

X 
X 

X 

-,·.,~_l __ r_r_+---

XI X 
X X ---I~I-i-I :1: 1 : 

I 

I ------lj=tttt=tln=tt=tl_I--I .. -.. -.. ,-. 
-I---I ----I---I-I--I-I-I-----~,-

I 

• 
81 ,.... 
1;

:::E 

(If .... 
w 

C 
«l 
0:: 
~ 

~ 
ii: 
a: 
~ 
r:: 
::J 
.!l! .a 
f! 
Z. 
o 

~ 



lU 

• 

TABLE E-4 (a) 
(continued) 

SCREENING AND ANALYSIS FOR 
PHASE I BASE INVESTIGATIONS 

AREAS 

ReId Screening 

ro 
Gi ro 0) 

Ii! E 
.I::. E 
0. ro « (!) 

'" '" '" '" 

~ 
ro E 
1ij g 
~ g E 

0. ::I a(/.) '2 
- as Cd 
<{ E :> 
(/) E -

s 
g 

E :: 
::l (/.) 
~E ';; 
9 --
.=! ~ 
'; ~ 
"0. < 

Field or Off-Site 
L.aporaloIy Meastmmen1s 

e e l!l Cd !! 
(!) (!) c; (!) ~ 

x x x x x 
~5 

::::..r---~;~-,------fifitil--1L!~1!l-J"'~]a::rxt :: ___ ~-~- I I 

QA/Qe 

Rirl~E1I.tl ~flnk_ 

Field Duplicate 

FieldBlank-----I------JI---

x x x x x 
----,-- -+-1-----

-fF[I~EL1 , , EE. 

.r--r-Lt· ....-+-+ I----t---+-+--I--I 
-l----t--I~-·~-

..!. I~t X X X X X X 
X X X X X X X 
'x ---.---- f--- ~ .. 

X' X X X X X X 

t! X X X X i~ ex 
I--- 1---- -- - -

X X X X X X X X 
X X i- - -- X ~-~ ~ X X 

+-1---1--

.--l-

--·+··-I·-I-i-t---l----l--l--X X . -- X X X X X X 
-,-~- -I--

X X_ ....... XX X X X . .X 

--.--.--<--•• ttt~t~~/:=tt-l--
t---+-+- t--- --"-'-1-+-+ 

--~ftttB~a1lffl11-lf81f 
.. ·-1---1 -1---1--··- ----··-1-··1 

j. --'--- .. r-.-'-.. F----'---'.-.B ... =r-------3---'-'--------.--- .. ---=-~-~=--... --=- ----=. -----fl--!-~ 
.... ----1---·-----------· .. 1· . ---.-.. --.--- -1-- . 

+-+--
'-'-I~-1~1=~I=-~I~-~I~=i 

I ----1- ....... 

Total number of screening and analysis 33 3 323~ 1~ft(1S1t4·· -'-I--I-'I--I-I--I-I-~--

• 

~ 
CJ) 

ti 
::.IE 

CO) .. w 

Iii a:: 
-t: 
~ 
iL 
II: 
~ 
I: 
::) 

~ 
! 

~ 

~ 

• 



Appendix E Analytical Tables • '@ I 

I 
i I I 

I 
I 1:11 , I 0 

!:. , i ... 
.111 ...;en 

:::I I 
J 
0 '"< III c· ii' ~.§. 3 cr 

i 
(f) (\) 

III I» ... 

I 
!.a ."C/) sa. , 

III I , I Iii' ::to 
0 i ,1/1 >JJ 
i 

1 

, 
I 

I 
i 

I I 
, C/)m 

::I I 
I ren mm 

5i 
I 

i I 

I 

j 1 
IS III _z 

I 
, 

I 
I jl) 3 toZ \Q : I , 

I» I i =."0 i! 1 I 
, 0= >e> :::II i ! 
, I , ::I ::I 

CI.l , , 11\')1- (C >C/» to 
=: 

I 
, 

:::I, 

I I 

: , JJ m . r-
1»1 

0'1'0'1 
_Z m 

il 
I 

. , I • ~ZC m , 
...... 1 ...... :;-

i ! 
1 U1rii> J. :01 0 (j) 

;::tl;::t < C/)Z -; ! !!!. .... > c::r , 
I 5!< -I 

\ 
1 

I 
I 

I ! 
,-

~~ , I i I _C/) 
f 

I 
0,," , ZO 

I a:: C/)JJ 
, ~ en , 

§1~ , 
I hl12.. I I , g-Cil 
i 

I 
::I 

I ! 

! 
i 

i 
, 

I I 

i ! I 
I I 

i ~oss Alpha/Beta ~ ! >< >< 

~ 
I I I I I I ><!>< oss Gamma , 

I • I f ! I I 1 I i 
I 

! i I I 
i , I I 

I I i I 
! I I I : I I 1 

! i I I . I 
I i I , , 

I I i 
I I r 

i 
j I I 

~ 
1><1>< Gross Alpha/Beta ~ , , 

J I I 
, I 

~ 
i 1 

. I 
Gamma Spectrometry , i [><1>< i , I , 

N 

" 
" 

: i i , 
! \ ! 

" 

, 1><1>< Total Uranium 
I , 

i 
I I i I ! 

I 

I I ! I 1><1>< Isotopic Plutonium N : I I I 

N i I I i I ! I I i 1 I 
I ><,>< RCRA Metals (SW 6010) 

I I 
N I I i I I I i I I I 1>< >< I l::)VU(; (l::)W 6240) 

I 
I 

I i I I 
I 

! , 
i ! 

I 
, 

I i i I 
! I I 

! I I ! I I I I 
! I I I I I I I I , 

I 1 I I I , ; I I 
I 

I ! i I I I i 
•• 

I I , I 

I ; ! I I I . , 

i I 'I I I I I I 

I I i ! I I 
I I I 

: I iH I I i i ! I 
I 

I 

I I i I I I i I , 

I I I i ! I I I , 1 I 
I ! i I I I i I I I ! i 
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I 

• 

~ 

Sample 
Type 

TABLE E-5 

SCREENING AND ANALYSIS FOR 
PHASE I BASE INVESTIGATIONS 

AREA 10 

Sampling 
Location Interval 

1 0.0 - 6.0 In - .. __ . --'" .- .. 
2 0.0 - 6.0 In 
- ------- - - ---- --
3 0.0 - 6.0 In 

4 0.0 - 6.0 In 

5 0.0 - 6.0 In 

Sample 
Identification 

ReId Screening 

i co 
CiI E 
..c: E c. co « <!J 

~ ~ 
<!J <!J 

X X 

XI X 

~ 
iI:I E 
- g 
~ ~ 
..c: c. c.U) 
« ~ 
gj E e co 

<!J <!J 

X X 
X X 
X X . 

-! ~x 
X X 

E 
:::I 
.~ 

:5 

! 
X 
X 
X 
X 
X 

s 
T"" 
0 
<0 

E ~~ :::I U) ~ 
'c ~ 0 

.s IJ) eX) 

19 ~ ~ :::I 
a:: ~~~ .[ ~ B ~ 
~ () ~ ~ 

It fi> Il. 

X X 
X X 
X X 
X X 

!--r-
X X 

Field or Off-Site 
Laboralory Measurements 

f---/---I ----+--

6 0.0 - 6.0 In XI X X X X X X 
-----------

XI X 7 0.0 - 6.0 In 
-------

8 0.0 - 6.0 In 
9 0.0 - 6.0 In - ------, _.------_._------

10 0.0 ~.6.0 In _ 

X~ --:-~ -~ ... _ ....... -~I =I~ x. X .... ____ ... ____ .xx 
11 ().().::~ . .Q tn __ 

12 0.0 - 6.0 In 

13 0.0 - 6.0 In - --.-~ .... -
14 0.0 - 6.0 In 

------
15 0.0 - 6.0 In 

-
16 0.0 - 6.0 In 

17 0.0 - 6.0 In 
-- -.. --------~---

18 0.0 6.0 In .... _.. "- - ----- .---.-,~ 

QA/QC 

Rinsate Blank 

.Ele1d..DJJPlicate.. .... j.. . j _ ..... _____ .. __ ... .j---.--.-- ... .,-.... ..- .. 
Field.BlanlL ._____ _ .. ____ .... __ _______ -----------.----

--1·----.. -----1-------· 

XI)( 
X X 

X X 

XI X 

X X tK X···· .. ····· ...... -. _. tl 
J~~- --"-1--- --f-- _~-1 -I 

X X 1 .... __ .--... ---- -----

~X i 

X X 
1--1--- I--- -- ....... --f--- ----- ----- -. 

X X X X 
X X X X 

... _- ---

X X X X 1+-1" .. -. ~---

X X X X X 

X X X X X . 

X X .~ ,.;~:=:~-I~,-.~~--~-~~-==:T= 
1-.. --->---· 

Xj X 
IX .X 
xx 

-----.----.--.- 1-·-

---I 

-1-1 I 1 1 1=EIH'EErE - - - ------
1 __ .-- -- _ --_ •• -----

Total number of screening and analysis 1 21--21111111111--6"1"6----- .-._-
I·····r -

• 

S1 .,.. 
~ 
:Ii 

It) .,.. 
w 

c 
'" a:: 
~ : 
it a: .. 
C 
;:) 

~ 
l! 
z.. 
o 
~ 
~ 

• 



• 
~ 
~ 
iij 
j..:: 

(ij 
.~ 

(ij 

~I 

I 
I 
I 

iJJ 

~ c: 

~ 

• • 

Sample 
Type 

TABLE E-6 

SCREENING AND ANALYSIS FOR 
PHASE I BASE INVESTIGATIONS 

AREA 12 

Sampling 
Location Interval 

Sample 
Identification 

Field Screening 

6' 
~ \0 'lii r.o 

~ I m 8 E ,~ 
~~, ~t§1~ 
.c: E .c: CI) 'E: - _ 
a. ~ a. «I a. -
«C!) «m .... o ::! 
til til tJ)E:::>'(i« 
~ :g tJ) E S ,g ,0:: 
~ .... e «I 0 010 
C!)IC!) (!) C!) ~ ~ 0:: 

Field or Ott-Site 
laboraIDIy MeasuremenIs 

SUrl ... Soli Samp't 0,0 - 6,0 In 
~~,~ ._-- "-

2 0.0 6.0 In 

3 0,0 .. 6.0 In 
-, --~. _ .. -~. -- ..... -----,. 

-~ X_ "X ~X X ~;t=-rnl=tt1=t1~~-I~-

.~ ~tHEl=l-ttli[jl=tlt 4 0.0 - 6,0 In 
0.0 .. 6.0 In X X X X X X 

0.0 .. 6.0 In X X X X X X I 
71 0.0 - 6.0 In X X X X 

.~j::-x ~ ~~ .~. X X 
XX XXXXX 

_~~~Ix =X. .-X XX ~iitl=t-tltl t=11~t. 

1--.. · .. ·· 

"~I =~:~~t~·i~· .. 
10.0.0~6.010. ... 

0.0 .. 6.0 In ..I_=I-..!:X~f---l X X X X X !_ 
12 0.0 .. 6.0 In X X X X X X X X 

=F-~ ~H~:~ ~ ~ ~i ~.~ ~ r~Wl~H-IJJlk 
161 0,0 .. 6.0 In 

XX XXXXXXX 171 0,0 .. 6.0 In 

0.0 - 6,0 In 
""181 "·~~~ .. _==[X X = ~-I ~~~l )ffXP< j' X .• ~ J---.rll -

-=t~ .~- ~J~~~j ~ . ;J~ ~ ~~'I''''-+--i-'-'-'->''-~-' 
19 
.. I. 
20 ~·6.0 In 

QAlQC 
. -_._-- - -- -~. _. 

Rinsate Blank "'-. _ .. _-_. · .. 1· 
Field Duplicate 
- -~,-. 

-----_. 

FleldBlan\( 

1--· .. ·-·-

.. _ .. L 

Total number of screening lind analysis 

I·-~-.-

X X 
X X 
X X 

X X~XIX X 

""i ~~l·i~·~"I~ .. t=rrl--I--t-+' 
.-..... +--l--.-.-..... - ... _ .... I--I---+--l~ 1-+· .J. ... -.-........ - ..... 

....... - ...... ---I.-~ .. -f-- II ·1--+ +--\---\--+--j--

23 2 23 2~1~ '1~ 1~·9t9 

81 ,.. 
t' 
:t 

ID ,.. 
• 

w 

; 
0: 
~ 

~ 
II a: 
~ 
c ::;, 

j 

I 
~ 



LU 

~ 
~ 

'« 

V) 

~ 
.Q 

~ 

~ 
~ 
'« 

• 

Sample 
Type 

TABLE E-1 (APPENDIX E) 

SCREENING AND ANALYSIS FOR 
PHASE I BASE INVESTIGATIONS 

Reid ScreenIng 

s 
~ 0 
III CD 

~ ~ ~ E ~ 
Q) Qi;.:! ~ 

~~ ~~§~~ 
aa a(f.)·~o:::Q) 
~(!J ~~"'o:!: 

Sample Ul Ul til ~ :: '§- ~ 
Identification e e e r~ ~ '0 0 

__ -.-_______ --. _______ -'r(!J (!J (!J '-' I- .J!! a: 

Sampling 
Location Interval 

Surface 5011 Sample 0.0 - 6.u In ---~I ~I I II~I~I~+~+~ 2 0.0 - 6.0 In 

Field or Off-8lte 
Laboratory MeaSurements 

X' X X X X X X I [t-t-l+--U---
X X X X X X X - 1m 1- I-~ I I I I 

3 0.0 - 6.0 In 
- ------.---

4 0.0 - 6.0 In 
XiX-I-- X XXiX X' 

:D~ X X X X XI 1}-
()n::&if\I.:----I------~~X X XXX X Xl 1- -- ... xx X X X X X -mI--+-l I I I I I I 

5 0.0 -6.0 In 

6 0.0 -6.0 In 
7 0.0 -6.0 In 

8 0.0 - 6.0 In 

1,.,.·,.-----
9 0.0 - 6.0 In X X X X X X X 

--- I lQ __ Q,Q.:: 6.0Jn_______--------- -X X X X )( .. "I-it 
----I 

11 0.0 - 6.0 In X X X X X X X 
---- ---- ._- ._-_ .. _--

12 0,0 - 6.0 In X X X X X X X 

-QAlOC----_._---

171 0.0 -6.U In 

181-MC .:0," 
19 0.0 - 6.0 In 
- .. ---

20 0,0 • 6.0 In 

--13 -'c[iF6:i'fTi1-- -----. --xx 1+-- X X X X X 

~: .-~-:~!:~:~ -~.-~~- --.1-.: --~- ~,I-.""'~cI-:-:~+-+--+ -+-1---+ ~Tlt. 
16 I - 6.0 In X X i -, X X X X X - .' --- -- -

. -j( -jC X X-X -XX 
,. _ ._ _: ------------.~,~ •••••••• -. ~ ~ _~.~. ·_-,><.,;-tl-'_'+ +-.. _·-__ +1 __ .. _,,._ .• -. -- -- -., ,.,.,. 

_ XX XXXXX 
- - - . X X I .. -I-X, XX X -x 1--1---1--1 I I I I 

-,. .. ,.1---·-.. --------1--·-·-----·--------1----·1-·--··-1- i .. , 1 I .. ,· 

Rlnsate Blank 

Field Duplicate __ 
11 

____ 1 ____ _ 

Field Blank 
I =:r=~r~:·-~·~~=-~;~~;~;:~; ;;-Ij----

---+---I ·1 -1-

------1 .. - .. -.--/---1--.--

'-'--1-1···--- .. _,-----1--.-- I 

Total number of screening and analysis" 2~-2 2) 2tr2I1~ 1~ 1-1-·-·---·-·-··---------·--
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TABLE E-7 (b) 

SCREENING AND ANALYSIS FOR 
PHASE I SURFACE INVESTIGATIONS 

AREA 2 

Sample 
Type 

Sampling 
Location Interval 

2 0.0 - 6.0 In 

Sample 
Identification 

Freid Sal!ening 

11
1

" til E 
~ E 
a. CI! 

«i Cl 

lZl:ll ~ e 

f.-.J 
X X 

e:
m 

CI! E 
1) ~ 

~ 8. .~ 
J:: (/) c: 
B- CI! ~ 
<1.: E :::> 
lZ E 'iI 
o ii3 -5 Cl {:. 

0' 
(; 
<0 

.~ ~ c ......., 

.9 !!l 
::J CI! a:: 1) 
o ::2; 
'5. <1.: .e II: 
o 0 
<II II: 

Field or Off-Site 
Laboratory Measuremenls 

I 
I I 

m v X 

Surface Soli Sal1!Pl~ .. _~~1·1·'_ 0.0 - 6.0 In 3 
3 0.0 .. 6.0 In _~~, .. I "I I------ 1-

x X X X X 8Ijr~-'-X X X X X ._ 
X X X X X 1-1---- ... ~ C-l--I 

X y 
-41 0.0 .. 6.0 In "I I I~~ X X X_ 
X X 

----

X X 
XXXXX Iii 
XXXXX I-

,- f--+~~-I-I .. ~ 
~I~' 6.0 In 1 __ 
6 0.0·6.0 In 

71 0.0 6.0 In X X 
n I I-I--.! _)( X XX I-t--

~~~ __ ~~ ___ "C 1 .. _ o_.0_-_6,Q.!!! X X X X X X X 

~-~I ~~"·I-..!I-.!. ..!+-! I"!t-- 1 ,. 

_X~.X .X,JL~ 

~~~ ··~~,x..!I~X~1 

Q:~:~.~:~(Un . __ 1-_ 
1 0 _~_O,O -=~6.0Jn_.~ 

11 ..Q,Q ~~ .~ ~ 

i I~~i 
'1 

Xi X 

,,~ .. I- ,I··I~-- 1-1---1-

1--1--

~I ~j--~.~ X X X X X 
I-I---l-~~-

X X X X X 
12 0.0 .. 6.0 In 

1 ___ 13 0.0 .. 6.0 In 
14 0.0 - 6.0 In X X X' X X X X 

~-I----+~~"l--

~-·-·-----I----:-: 0.0 - 6.0 In X X X X X 
-+--1--·1-+-1 

I I 1--·,-"·- '. 

OA/oe 
Rinsate Blank 
~-.-----~ 

Field Duplicate 
--_."._._"'-

16 0.0 - 6.0 In X X 
I---~ 17 0.0 .. 6.0 In X X 

18 0.0.. X X 

X X 

X X X X X 
1-+-+-+---1 

X X X X X 

.. ,=L~ ..!)( .. !! -1-1 I 
X X X X X 

--r--'--

191-"~~- 6.0 In 
20 0.0 6.0 In 

I---~·-- X X. ~-J-c- X X X X X 

j 

.. ----~. . --\-I-f.-·I--I-I---I--l--l--l--I 

·-'--+-I-I---'--··~ 

.. Field_~lanl<.___ 1_ 
----.. ---,--.. ~=----~ ____ ---mrt!i1j~ll·.~.d=L-~1 
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TABLE E-7 (b) 
(contin ued) 

SCREENING AND ANALYSIS FOR 
PHASE I SURFACE INVESTIGATIONS .f! 

AREA 2 Q) 
L1I III 

~ E 
~ 0. :« C) 

Sample Sampling Sample til til 
til til 

Type Location Interval Identification e e 
C) C) 

Surface Soli SamJ)le 21 0.0·6.0 In X X 
----------

22 0.0·6.0 In X X 
O.() . 

--------

23 In f-X~ X --
24 0.0·6.0 In X X 
25 0.0·6.0 In X X 
26 0.0·6.0 In X X 

.. 1--
27 0.0·6.0 In X X 

._------ ---
28 0.0 6.0 In X X 

----------- --~ -----~-~---.- _._----------- - --------

29 0.0 6.0111_ X X 
----

.--.------ --- __ 30 _!ML:_6.0.lo ___ I·-- X .X 
31 0.0 - 6.0 In X X 

-------------------

32 0.0·6.0 In X X 
--- . -_. . -_._- -------~.- ---_. ~---

33 0.0·6.0 In X X 
,-' , .. ,--_._--_. 

[-0:0 . 6.0 In 
--_.,_ .. , .-. --- ----

34 X X 
----------_._. ,- ----------

0.0 6.0 In 
-. 

35 X X 
---. __ .---------

36 0.0·6.0 In X )( 
---- .----- _.---- ---------- .--

37 0.0·6.0 In X X 
.- -.- . ·-----·36 1---·· .. ----_·_·_-- -- ..... -----_ .. __ .- -- ---- .-. 

0.0 - 6.0 In X X 
,-- ... 

39 0.0 - 6.0 In X X 
"'-'---"--"'- -------- ---'40 0.0 ·6.0 In 

. --------.-- --.-._-_._-_._--- --. -", 'Sf X 
- '-

QAlQC 
.--~---

--_ .. _--._.. ------_. .. . 
Rinsate Blank X X 
._--, .-- ---_.. _ .. ,.-- -- ----. 

Field Duplicate X X 
----------- ----. ---_._-- ------- --.- ----

£ield Blank ~T ________ - _.------------ ----------. X X 
.---. -------

I ......... -. . _- ..-

- --- -- . .. -.- .. ' 

• 

-

---- ----

•.. . _- . __ . 

.-

c-

- - -

- ----. 

----- . 

1-- --,-- -

----

1--. .---- ' .. --

1--- ". ..... 

Field or Off-Site 
enfs . 

s 
~ (; 
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L1I E E ~ 
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g :::J 
c: a: E .s til 

<% :::J ~ .c:: '51 
:::J 

0. n: :« ~ :5 ·ti ::E 

~ 
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~ 1ii 

~ 
a: 

~ 0 
C) C) a: 
X X X X X 
X X X X X 
X X X X X 
X X X X X 
X X X X X 
X X X X X 
X X X X X -- ---- --1-' ~~--

X X X X X 
i---- ----1---

X X X X X 
I- 0- ___ .- ,-_.- -_.- ----

X X X X .X. t--- .- I--1----' 
X X X X ,x_ 

i--+ 
X X X X X 

--'-- - . ...... . -- .-
X X X X X 

--- I····· t---. 1---· .- i'-' 
X X X X X 

X C-x .-:--:- (--_. 1-- - i-
X X X 

"',._-

X i "1--- -.- 1·-- ---.. 
X X X <-._. 1- 1----.' . ---
X X X X X 
xx 1-- --- -_. - -

X X X 
'-1- ----,-. . .. .. ----. --. 

X X X X X 
'X X X X it "" .... .•.•. ~-.-.. -

.. -

----- ---- -- ~ - -'". -."_.-
X X X X X 

---- ------ --- -- - ---

X X X X X 
~.. -.~ ._'." ----

X X X X X - - I-t---

I- ---- -~-.- "R~'_ --- - . f--·-- -

.. 1·- .--.... 1- -- -.---1-·--1-· 1---- I--- -

1'--- ----- - ,.----I· .. 

---- --- I--
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- ------ -
'- -- _. 
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TABLE E-7 (b) 
(continued) 

SCREENING AND ANALYSIS FOR 
PHASE I SURFACE INVESTIGATIONS 

AREA 2 

Sample 
Type 

Sampling 
Location 

411 Su_rf_sce_!)OUStUll.C1:P:c:.'e;.., ---
421 

Interval 

0.0 - 6.0 In 
f--I -:-11---

0.0 - 6.0 In 43 

44 0.0 - 6.0 In 

45 0.0 - 6.0 In 

46 0.0 - 6.0 In 

47 0.0 - 6.0 In 

48 ().().~ 6.0 In .. _-

--------

I-~-

Sample 
Identification 

• 
ReId Screening 

!I 

~ ~ 
~ ~ 
« " til til 
til til e e 
" " 

i 
~ ~ 
~ &.~ .c fJ) c: 
B- tU I!! « E :::> 
:ll E «I e tU '0 

" " I-

I~ 

0 

~ 
§ ;: 
._ fJ) 

c: --.s !!l 
.:! !I a. III 
.2 :E 
8-< _ a:: 
fil 0 a:: 

Field or Off-Site 
I..a!JomIOIy MeastKemenIs . 

X X 
n I \ I luX X X X XI I I I---+---+---

·-----1---1 I-+-__ I 1 1 I X X X X X 
-- X X X X X---+--+m 

X X 
X X 

f-I----.--

I-+-.~XX XX 
II XXXXX 

X X 
---

X X 
X X X X X X X 
X X 
X 

.- XI xmx X 1 1 1 IXl m+-u, 
X __ X ~ .-! __ ~I_I __ ~_I ~~~ . 

- .. - -1--·--··---

__m_ -·-··-tr~I~W ·----1~-1=1~-
I-----___ I----- .. -__ml-_-=:==-_.,~, un ~.-._mH~u jH~=!=~~-+--ml~+--_1 

··-I-J--·-

I-~- --~-+--L'--I--.L-'-~I~-l±fEI=I-~I=-I~~--I=~I---I=I~~ 
+-- f--------I---I--l 

I-II I--I--I---I~I---+ I 1--- 1- 1--\-+· + __ +_.m 
-------~--.-

1 -

-I-~--~--I---I~-I----I-----I·--- - -r=-T--,m---I-t--- 1----1-1-- 1--'--·I=I=l=t~:t_l-: 
····1·-1·· 

·----t--I +---+--1---1---1---1- '·-·-1---+-1--'-

1- .. _. ____ 1 --1--
- ------ -- .-.. - ... ~~~ 

Total number of screening and analysis 54 5 54 541 271 21 2 
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TABLE E-7 (c) 

SCREENING AND ANALYSIS FOR 
PHASE I SURFACE INVESTIGATIONS 

AREAS 

Sample 
Type 

.-_._._-_ .. 

Sampling 
Location Inlerval 

0.0 -

-11'~~:~ ~::~ :~ 
4 00 ~6.0 In 

---

Sample 
Identification 

Flek:l Screening 

~I-~ I-~' 
X 

Field or Off-Site 
~ra1o!y Measuremenls 

__ I_I.J~-~t~l= 
~~ 0.0· 6,,1~ -+--+-1 -II t . I I 1--1-
6 0.0 - 6.0 In 
_. --_._. 
7 0.0 - 6.0 In 
_."------- . 
8 0.0 : (l.() I.f) 

X 

~: ~; ~fEFFI-£Lllfrf 
I~··--~-----·--·-· -=~'jci I :=~~:~:_::~:~ --I-- i - +--

I--_____ ._.~ .... _ .. _________ ._I X X X X X X X 
__________ X .. J(. xii.~~xi==r 

X X )(~ ..!..!. 
xx XXXXX - ,--. -_. -. ---'. ---"-" .'-- '-" xx XXXXX 

--·1· .. ·--.. ·_--

1- +--+-+--·+--i-·+- I 

- .. -
xx XXXXX 
X X X X 

-~ .-----1-- ..... _--.. _- -_+ X _ X XX 

X X X X 

X X X X 
I-~I-

X 
xl 

X X X X 

X X xx 
---+-1---1 

~-·--·'~···I···I 1-1·····_·· Ainsale Blank 

Field Duplicate 
------~--- .. 

Fit)ld .I'll.ctnk ~----I-:+:+--I+I :, X 
-f--I---+-I-I--I---·--
-'-i-~"--' . 

----" ~---~-,~-i ·-·-1---1 .. · 

.--,- .0.-1-----,--- ···1---1· 

------_ ... 
Total number of screening and analySiS 
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Field Screening 

TABLE E-7 (d) 

Field or Off-Site 
laboratoty Measurements 

• 
SCREENING AND ANALYSIS FOR 

PHASE I SURFACE INVESTIGATIONS 
AREA 4 * * 

~ 
Q) 
E 
E 

E III 111111111111 I 
::I 

Sample 
Type 

Surface §1:l,1~lIIl'lP.le 

Sampling 
location Interval 

0.0 - 6.0 In --------
2 0.0 - 6.0 In 

3 0.0 - 6.0 In 

Sample 
Identification 

m cu 
Ii! E 
.s::: E 
Cl. cu 
~ <!) 
1/1 1/1 
1/1 1/1 e e 

<!) <!) 

X X 
XI_Xl--' ---'X X 

'[; 

~ 
I/) 

]i 
a.. (I) 

0 ~ 

I « a: 
() 
a: 

~ ~ E 
a. ::I 

"5. en "E 
cu ~ « 

1/1 
E :::l 

e ~ 19 
<!) <!) ~ 

X X X 

~Ifl: 1~I~fJJ-}J=Ujll~DI 
-------I=·---·--~ ~:~ ~ ::~ :~I-.---
I-- _1 __ ~6L 0.0-6.0In ·-----~-&H=I:I :1:1 :1:11 11I11111 R+l 

--1-
~I~:~ ~ ::~ :~__I_ . _______~_'_~ ~r=ctJl ~1~ I ~ I ~ I I I II~-+-I I I ~-+-
~ .. 0.0 ~§.QLln ___ ' ___ 1 --~-!I-.!~~I-·I XI X I Xx I X I X

x
- 1-1--1--1---1-1--1--1 I-

. __ 10 __ !l.0 6.0 n -lXX~ ...x_X . . X 
11 0.0 - 6.0 In . - .. ---- -- ---- . 
12 0.0 - 6.0 In -'I-~Iil-I-~-+ ~rxl-i1 ~I ~.I~--'-" ---'-j==L1J--LI-1 

----.-- --: -----r~ :' ~~: ~T :r --··fll-l-I--E-Ii 
1- ________ ' __ '1 17M'~~~ln _~J~X:KI=~-'»-X-X X X xX 

___ +-___ ~18_Q:() _ 6.01;'-- _ ~ ~ --- --- ~ ~ ~- X X.l 1~ ().() _ 1).0 In ... f-:-I- ----.!...!.. ~...!- ·?<·I---t--j·- . I-+--l---l--l---I--I----I-__+__I 
20 0.0 _ 6.0 In ---- .> > X X X ~ X X X XX - .-. ----1-

-~------.---- --

f-------

13~.(). 6.0 '0 
14 0.0 - 6.0 In 
- ----.---
15 0.0 - 6.0 In 

16 0.0 - 6.0 In 

f-.---

., ---'---'·_·--1 

XI X I X I )(l~-L-l--l--t-.I.-'._--_' 
OAlOC 
.- _··-··----·-1---·--- -.--._--- .. ---

Rlnsate Blank 
... -------. 

Field Duplicate 1- --.---... ---- ·-1 --.---------
1_ __= ] i]fII~~~~r~~, +-

····--'--j-I-+--j~-~---,·-·---·--,-

F'Lf!I<:I B111111<.__ _ XI X XI X I X I XI X ._,_ ..... _ ... "._.,--+- ,--,--
-----11 -+--~I---I 1 I I 1 I 1-,-------,·--

_····_··-----1--1--1--1--,·· --.'.-'-'.--.--~ I ~-

- ----'2323--I-rl 23 231211~ 12 
-.-----.-~-I--+--~- .. 
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Radiological Survey Methods 

APPENDIX F - RADIOLOGICAL SURVEY METHODS 

F.1 Introduction 

Radiological field surveys are primarily scans of the land surface using direct 
reading or recording instruments. For the TA-49 OU work plan, radiological 
surveys are used to identify and refine locations where contamination above 
screening levels may exist. While negative field survey results are not 
necessarily conclusive evidence for the absence of elevated levels of 
radioactive contaminants, the probability that such contamination exists can be 
minimized with the proper design and execution of radiological surveys. When 
elevated contamination levels are detected, survey equipment allows the 
precise location of hot spots to be determined for subsequent discrete soil 
sampling. 

Radiological surveys to detect surface contamination are exceptionally 
convenient and rapid to carry out. Survey methods have the disadvantage that 
the x-ray and gamma-ray signatures are strongly attenuated by solid matter, 
and therefore contamination below the surface (in most cases, depths greater 
than 1-2 in.) are not detected reliably. A second disadvantage is that minimum 
detection limits are highly isotope specific, depending upon the nuclear 
characteristics of the decaying isotope . 

F.2 Gross Gamma Surveys 

Several instruments available that are suitable for gamma surveys include: 
micro-R meters, Nal detectors of various sizes (with ratemeters and scalers), 
and Geiger-Mueller detectors. The preferred instruments are micro-R meters 
with the ability to measure 5llRlhr, and 2-in. by 2-in. Nal detectors with a 
ratemeter capable of displaying 100 cpm. Some discrete-measurement or 
continuous-measurement instruments also are available using the same 
detectors. Surveys typically are conducted by carrying these instruments at 
waist height at a slow walking pace and observing and recording the ratemeter 
response. Measurement also may be made at the ground surface to aid in 
identifying the presence of localized contamination. The applicable LANL ER 
SOP is 

• Measurement of Gamma Radiation Using a Sodium Iodide 
(Nal) Detector 

F.3 Low-Energy Gamma Surveys 

FIDLER and PHOSWICH instruments are most commonly used to detect 
radionuclides which emit low-energy gamma and x-ray radiation. Both 
instruments are optimized to detect low-energy photons, such as the 60 keV 

TA-49 Operable Unit RFI Work Plan F-1 
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Radiological Survey Methods AppendixF 

gamma emission from americium-241 or the x-rays that accompany the decay • 
of most heavy radionuclides including uranium, plutonium, and other 
transuranics. Discrete- or continuous-measurement recording options are 
available. Surveys typically are conducted by carrying the instruments close to 
the ground surface, or attaching the instruments to tripods, and observing the 
ratemeter or scalar. Also, measurements may be made at the ground surface 
to indentify and precisely locate highly localized contamination. The applicable 
SOPs are: 

• Near Surface and Soil Sample Screening for Low-Energy 
Gamma Radiation using the FIDLER 

• Near Surface and Soil Sample Screening for LOW-Energy 
Gamma Radiation using the PHOSWICH 

F.4 Gamma Spectrometry Systems 

The Energy Measurements DiVision of EG&G-Las Vegas operates the 
Department of Energy's Remote Sensing Laboratory. This laboratory maintains 
state of the art ground- and airborne-vehicle based gamma spectrometry 
systems which have been valuable duriong a number of environmental studies 
involving radioactive contamination at DOE, DoD, and other sites (see Table' 
F.4-1). Figure F.4-1 contains photographs of typical tripod-mounted and • 
ground-vehicle based in situ systems used in a recent radiological survey of 
surface soils at the DOE's Rocky Flats Plant. 

Ground-based (in situ) gamma spectrometry systems (shown in Figure F.4-1) 
use liquid nitrogen-cooled high purity germanium (HPGe) detectors mounted on 
an easily-moved tripod, or on a retractable arm attached to a four-wheel drive 
vehicle. The retractable arm on the vehicle-based system allows the detector's 
height above ground to be varied from essentially ground level to about ten 
meters. A height of about 7.5 meters typically is used, and lead collimators can 
be used to vary the cone angle available to the detector's sensor. 

The vehicle also contains a computer processing facility so raw data processing 
and preliminary contamination mapping can be performed in real time in the 
field. Subsequent refinement of the data occurs offsite resulting in a map of 
individual radionuclides (or groups of radionuclides emitting gamma rays of 
similar energy). Airborne gamma spectrometry systems differ from ground
based systems because they use arrays of sensitive detectors. 

Minimum detectable activities for several radionuclides of interest for the TA-49 
OU are listed in Table F.4-2. MDAs are listed for both ground-based (in situ) 
and aerial-based systems. Because gamma-rays are strongly attenuated by 
solid matter, gamma survey methods are useful only for the uppermost portion 
of the soil horizon. For example, for the 60 keV emission characterizing 
americium-241, for a uniform distribution with depth, approximately 95% of the 
unscattered gamma rays reaching the detector would originate within the top 6 
cm of the soil and approximately 99% would originate within the top 9 cm. • 

T A-49 Operable Unit RFI Work Plan F·2 May 1992 
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• Table F.4-1. Past environmental applications of the Remote Sensing Laboratory's gamma 
spectrometry systems. 

SURVEY ISOTOPES OF 
SITE LOCATION DATE INTEREST APPLICATION 

Enewetak Western 7177·12f79 Am241 Cleanup 
Atoll Pacific 

Gnome Carlsbad, 8177-9177 Csi37 Assessment 
New Mexico 

Johnston Western 4/80-8/80 Am241 Mapping 
Atoll Pacific 

Middlesex Middlesex, 7/80-11/80 Ra226 Cleanup 
Plant New Jersey 

Kellex Jersey City, 9/80-11/80 U235.238 Assessment 

New Jersey Th232 

Area 11 Nevada Test 6/81-9/81 Am241 Cleanup 
Site 

• Areas 2, Los Alamos 9/82 Am241 Mapping 

15. and 21 Natl. Lab. Csi37, U238 

Areas 1-13, Nevada Test 6/81-3/86 All measurable Mappingl 
15-20,25, Site Inventory 
26 and 30 

Maralinga South 5/87-7/87 Am241 , Survey support 

Australia Csi37, U238 

Rocky Flats Golden, 12190 Am241 , Assessment 

Plant Colorado U235,238 

• 
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Figure F.4-1. Photographs of in situ gamma spectrometry systems operated by the Remote SenSing 
Laboratory. Photographs are from EG&G (1990). 

Tripod Based Sampling System Surburban Sampling System 

Table F.4-2. Typical minimum detectable activities (MDAs) for surface soils using the Remote Sensing 

Laboratory's in situ and helicopter-based gamma spectrometry systems.1 

ISOTOPE 

Am241 

Pu239 

U235 

U238 

Cs137 

1131 

C0 60 

HELICOPTER2 

flCilm2 

0.1 

400 

0.03 

1.0 

0.02 

0.02 

0.01 

IN SITiJ3 

flCilm2 

0.006 

30 

0.003 

0.04 

0.002 

0.002 

0.001 

1) An infinite (uniform) ~urface distribution of radionuclides is, assumed, MDAs are from the EG&G 
reports cited in the reference list. Actual values can vary by a factor of two or more at specific sites, 
depending upon background. 

2) Altitude 30 m, speed 60 knots, 20 Nal(Tl) detectors (12.7 cm x 5.1 cm), 1 second acquisition time. 

3) Height 1 m, 20% n-Type High Purity Germanium Detector, 10 min. acquisition time. 
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Radiological Survey Methods 

Minimum detectable activities also are strongly isotope dependent, as indicated 
in Table F.4-2. Isotope dependency is due both to the energy of the emission 
(lower energies are more strongly attenuated and give lower detector response) 
and the branching factor (fraction of radioactive decays which give rise to 
gamma ray emission). Of particular relevance to the investigation for the TA-49 
OU is the relatively low sensitivity to plutonium emissions, primarily due to the 
low branching factor. However, sensitivity is excellent to cesium-137, uranium-
235 and -238, and americium-241 (the daughter product of the relatively short 
lived isotope plutonium-241). All of these are important contaminants of 
concem at the TA-49 OU. The spectrometer system can be optimized for 
specific isotopes of interest in the survey. 

The usual approach for deducing plutonium distributions from gamma-ray 
techniques is to measure the easily-detected Signature from americium-241 and 
to apply a factor accounting for the americium/plutonium ratio at the site. This 
approach assumes that the ratio does not vary over the site due to either 
partitioning of americium and plutonium by environmental processes or the 
existence of plutonium at various ages and initial isotopic mixtures. 

Fractionation of americium and plutonium in the environment has rarely been 
observed, and past studies generally have shown the process to be negligible 
at arid or semiarid sites such as TA-49. In addition, the plutonium and 
americium source history at TA-49 is unusually well defined. Therefore, the TA-
49 OU is especially well suited to use americium surface survey results to 
deduce plutonium levels. In any case, the plutonium/americium levels will be 
measured at all TA-49 SWMUs from discrete sampling to confirm that the 
americium/plutonium is adequately weH known and the ratio is invariant across 
the OU. 

Results from radiological surveys usually are expressed in units of IlCi/m2. 
Conversion to units of pCi/g requires some knowledge or assumptions about 
the vertical and lateral distribution of the radionuclide in the soil. 

Source term size also has a strong impact on lower detection limits. Table F.4· 
3 and Figure F.4-2 give some conversion factors and illustrate the lower 
sensitivity for point versus uniformly distributed sources. For example, consider 
a typical in situ system configuration with a detector height of 7.4 m and a 

corresponding field of view of about 300 m2 (20 m diameter). For a uniform 
surface distribution of americium-241, the minimum detectable activity (MDA) is 
about 11 pCilg, or 0.36 mCi for a point source. This sensitivity is comparable 
to, or better than, that of FIDLER or PHOSWICH systems (not radionuclide
specific) operating at a height of about one meter above land surface, with a 
corresponding survey area of several square meters . 

TA-49 Operable Unit RFI Work Plan F-5 
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Figure F.4-2. Typical MDAs and distributed source MDA curve for Rocky Flats • 
buffer zone surface soils. Data are from the report on the in situ survey of 
Rocky Flats (ESG 1991). 

ISOTOPE MDA (pCVg) 

Am241 0.9 
Cs137 0.1 

U238 4.1 

Ra226 0.2 

Th232 0.2 
K40 0.2 

MDA = Minimum Detectable Activity = AlB where 

A = Activity read on graph (pCi/g) for B=1 

B = Branching rates (gamma/disintegration) 

10,: For: • three standard deviation statistical uncertainty of typical 
background spectrum 

• 15 minute acquisition time 

1 ... 
j 
i 

• 20 % Bare N-type HPGe detector 
• 7.5 meter detector elevation 
• 46 meter grid 
• uniform distribution averaged over top 3 cm • 
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Table F.4-3. Geometric factors influencing minimum detectable activities. Data 
are from the report on the aerial radiological survey of the Rocky Flats Plant 
(ESG 1990). 

Minimum Detectable Activity for Several 
Selected Radioisotopes as a Function of 
Source Geometries* 

Surface Sources Volume 
Distributed Source 

Point Source (P~i r* Source (J,.LCl/m 2) 

Isotope (mCI) a=QC) a = 10cm 

Am-241 2.9 0.35 11.2 

Cs-137 0.27 0.028 0.35 

• Assuming a survey altitude of 46 meters . 

•• ConverSion factor to pCilg relate to the average value of a 5-cm 
oeep soil sample . 

Am-241 Source 

Appendix F 

Finite 
Correction Factors Versus Correction Factors Versus 
Area of Contamination Area of Contamination 

Source Diameter Correction 
(meters) Factor 

10 37 

Diameter of 
Contaminated Circular Correction 

Area (meters) Factor 

20 9 5 300 
10 100 

40 3.5 25 10 

60 2.2 50 6.5 
100 2.5 

80 1.6 200 1.2 
100 1.3 300 1.0 

QQ 1.0 
140 1.1 

>140 1.0 

TA-49 Operable Unit RFI Work Plan F·7 May 1992 



Radiological Survey Methods Appendix F 
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APPENDIX H 

TA-49 OPERABLE UNIT WORK PLAN CONTRIBUTORS: 

EDUCATION AND RELEVANT EXPERIENCE 

I. Administrative Management 

NAME AND AFFILIATION 

P. Gary Eller 

Robert Vocke, HSE-13 

Lars Soholt, HSE-13 

II. Technical Contributors 

EDUCATION/EXPERTISE 

Ph.D. Inorganic Chemistry 

* 18 years experience in actinide 
and environmental chemistry research, 
process development and linel 
project management. Over 1 00 pub
lications in peer-reviewed journals. 
Member of nationallinternational com
mittees in actinide chemistry. 

Ph.D. Water Resources 

• 15 years experience in hazardous 
waste site assessment, including waste 
management, regulatory compliance, 
and program management. 

Ph.D. Biology 

* 20 years experience in assessment 
of energy and waste management 
systems, including project management 
experience. 

ER PROGRAM 
ASSIGNMENT 

Project Leader for 
T A-49 Operable Unit 

ER Program Manager; 
EM-13 Group Leader 

ER Programmatic 
Project Leader 

NAME AND AFFILIATION EDUCATIONIEXPERTISE TA-49 OU ASSIGNMENT 

Kathryn D. Bennett, EM-8 

Clarence J. Duffy, INC-? 

M.S. Environmental Science 

* 2 years experience in NEPA 
biological activities including 
Laboratory wetlands evaluation. 
endangered/threatened species studies, 
and environmental database development. 

Ph.D. Geology 

• 15 years experience in mineral 
thermodynamics and phase equilibria. 
10 years experience in geochemistry of 
high level nuclear waste storage (Yucca 
Mountain Project). 15 years experience 
in computer code development for data 
reduction and for modeling mineral 
thermodynamics and phase equilibria. 
LANL-ER technical team leader for 
background studies. 
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T. S. Foxx, EM-8 M.S. Biology NEPA biological • evaluation 
* 17 years field ecology and 
waste site characterization exp-
erience. Adjunct Professor, University 
New Mexico. Author of books and pub-
lications on plant and fire ecology. 

W. C. Francis, Consultant • Graduate of Kansas City Jr. College. Technical review 
CiviVmechanical engineering arrival research 
courses at University of Kansas and 
University of New Mexico. Forty years 
experience in field engineering and 
surveying, and 35 years LANL supervisory 
experience. Extensive knowledge of 
maintenance/construction at 
virtually all Laboratory technical areas. 

Jamie N. Gardner, EES-1 Ph.D. Geology Geology 

• 15 years experience as a petrologist 
and structural geologist on petrologic 
and geothermal problems in a variety 
of young volcanic systems all over the 
western United States and Central America. 
Framework Studies technical team leader 
for the ER program. 

Doris Garvey, EM-8 M.S. Economics NEPA • • 6 years experience in Laboratory NEPA 
programs and management experience in 
compliance and CEARP activities. 

Elizabeth J. Kelly, A-1 Ph.D. Biostatistics Statistics, risk 
assessment 

* 3 years experience in devising 
sampling plans and data analysis 
techniques for environmental studies 
including surface covers, site integrity 
and decision analysis for ER programs. 

Beverly Larson, EM-8 M.A. Anthropology. NEPA cultural 
Ph.D. Candidate in Anthropology evaluation 

• 16 years field experience, 
including 6 years as Laboratory 
archaeologist Adjunct processor, 
University of New Mexico. 

P. A. Longmire, INC-4 Ph.D. in Hydrogeochemistry Hydrogeochemistry 

• 16 years combined experience 
in field hydrology and geochemistry, 
regulatory oversight (NMEID), UMTRA • project, and RCRAICERCLA remediation 
(RF. Weston and LATA). Principallnstruc-
tor for Ground Water Geochemistry and 
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Arend Meijer, INC-7 

Leslie M. Moore, A-1 

T. L. Morgan, INC-7 

R. A. Penneman, Consultant 

III. Administrative Support 

NAME AND AFFILIATION 

Beverly Campbell 

Mark Ritchey, INC-DO 

Andrew Calkins, INC-DO 

Geochemical Modeling courses for Ameri
can Assoc. of Groundwater Scientists and 
Engineers. Numerous publications in 
the field. . 

Ph.D. Geochemistry 

• 20 years experience in geochem-
istry field and laboratory studies. 
Adsorption studies Project leader for for 
the Yucca Mountain Project. 

Ph.D. Mathematics (Statistics) 

• 6 years experience in statistical 
support and consulting assistance 
in nuclear waste siting programs. 

M.S. Engineering Geology 

• 15 years experience in hydro
logy field studies, regulatory over
sight (NMED), NURE project and 
plutonium process chemistry. 
Currently QA leader for INC div
ision activities in the Yucca 
Mountain Project. 

Ph.D. Inorganic Chemistry, 
Sc.D.(h.c.) 

• 49 years experience in actinide 
chemistry and radiation chemistry. 
Extensive group and management 
experience at LANL. Over 150 pub
lications in peer-reviewed joumals. 
Member of nationallinternational 
committees on actinide chemistry. 

EDUCATION/EXPERIENCE 

• 20 years office management 
and 10 years word processing. 

• Senior in Environmental 
Biology, Fort Lewis College 
Working on intemship at LANL. 

• Senior in Technical Communication, 
New Mexico Tech. 
Working on internship at LANL 
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Jody Heiken, INC-DO BA English Technical Editor • • 11 years experience in technical 
writing/editing; 5 years as science 
librarian. Publications in technical 
writing and library journals. 

Garth Tietjen B.S. in Illustration, Associate in Design Technical illUstrations 

* 11 years experience in technical 
illustration and design. 

Yvonne Herring • 9 years office experience Work plan preparation 
and word processing. 

Cindy Maestas • 8 years office experience Work plan preparation 
and word processing. 

Aimee Partain, INC-DO • Sophomore in Environmental Work plan preparation, 
Engineering, New Mexico Tech. technical review 

Chris Martinez • Senior, Espanola Valley High School Work Plan Preparation, 
Illustration 
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NATIONAL ENVIRONMENTAL POLICY ACT 
AND RELATED DOCUMENTS 

tg::m;F/ 

The NEPA evaluation and document preparation for TA-49 is an ongoing process. Updates to 

this section will be made as documents become available. 

The status of TA-49 NEPA work as of May 20, 1992 is as follows: 

pescriptjye TUle Status of Document 

• NEPA 

DOE Environmental Checklist (DEC) LANL Internal Review 

• • Cultural Resources 

• 

In~ial Survey summary 

Final Report 

• Biological Resources 

Initial Survey Report 

Final Report 

TA·49 Operable Unit RFI Work Plan 1-1 

In progress 

In progress 

Completed 

Completed and under review 
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BIOLOGICAL SUMMARY 
TA-49 

OPERABLE UNIT # 1144 

1.0 INTRODUCTION AND FURTHER INFORMATION 

_ .. f1 During 1991, field surveys were conducted by the Biological Resource . . 
Evaluations Team of the Environmental Protection Group (EM·8) for 0 
Unit 1144, Technical Area 49 (Site Characterization). Site Characterizati . 
requires surface and subsurface sampling within the TA. Further information 
concerning the biological field surveys for Operable Unit 1144 is contained in the 
full report "Biological Assessment for Environmental Restoration Program, 
Operable Unit 1144", The Biological Assessment will contain specific information 
on survey methodology, results and mitigation measures. This assessment will 
also contain information that may aid in defining ecological pathways and 
vegetation restoration. 

2.0 LAWS 

Field surveys were conducted for compliance with the Federal Endangered 
Species Act of 1973, New Mexico's Wildlife Conservation Act, New Mexico 
Endangered Plant Species Act, Executive Order 11990 "Protection of Wetlands" 
and Executive Order 11988 "Floodplain Management", 10 CFR 1022 and DOE 
Order 5400.1 . 

3.0 METHODOLOGY 

The purpose of the surveys was three-fold. The first was to determine the 
presence or lack of presence of any critical habitat for any State or Federal 
sensitive, threatened, or endangered plant or animal species within the Operable 
Unit boundaries. Secondly, surveys were conducted to identify the presence or 
lack thereof of any sensitive areas such as floodplains and wetlands that may be 
present within the areas to be sampled and the extent of the areas and general 
characteristics. The third purpose was to provide additional plant and Wil~!DRAFT 
data concerning the habitat types within the Operable Unit. II 
This data provides further baseline information about the.biological components 
of the site for site characterization and determination of pre~sampling conditions. 
This information is also necessary to support the NEPA documentation and 
determination of a Categorical Exclusion for the sampling plan for site 
characterization. Personnel of the Operable Unit propose to collect sediment 
samples and surface and subsurface samples. The sediment samples are to be 
taken from existing sediment basins within canyons located in the Operable Unit. 
Soil samples will be collected from surface and subsurface. In some locations, 
trenching maybe necessary. 

After searching the database maintained in EM-8 containing the habitat 
requirements for all State and Federally listed threatened, or endangered plant 
and animal species known to occur within the boundaries of Los Alamos National 
Laboratory and surrounding areas, a habitat evaluation survey (Level 2) was 

• 

• 

conducted. A Level 2 survey is performed when there are areas that are not • 
highly disturbed and could potentially support threatened and/or endangered 
species. Techniques used in a Level 2 survey are designed to gather data on the 



• 

• 

• 

percent cover, density, and frequency of both the understory and overstory 
components of the plant community. 

The habitat information gathered through the field surveys was then compared to 
the habitat requirements for species of concern as identified in the database 
search. If habitat requirements were not met, then no further surveys were 
conducted and the site was considered cleared for impact on State and Federally 
listed species. If habitat requirements were met, then specific surveys for the 
species of concern were conducted. The specific species surveys were done in 
accordance with pre-established survey protocols. These protocols often require 
certain meteorological and/or seasonal conditions. 

In each location, all wetlands and floodplains within the survey area were noted 
using National Wetland Inventory Maps and field checks. Characteristics of 
wetlands, floodplains, and riparian areas are noted using criteria outlined in the 
Federal Manual for and Identifying and Delineating Jurisdictional Wetlands 
(1989). 

4.0 SPECIES IDENTIFIED 

Database searches indicated that the species of concern for this Operable Unit 
were: 

5.0 

5.1 

• peregrine falcon (Falco peregrinus-Federally 
Endangered) ; 

• spotted bat (Euderma maculatum- State Endangered); 
• Wright's fishhook cactus (Mammillaria wrightii- State 

Endangered) ; 
• Santa Fe cholla ( Opuntia viridiflora-State 

Endangered); and 
* grama grass cactus ( Pediocactus papyracanthus-State 
Endangered and Federal Candidate). 

RESULTS AND MITIGATION 

Threatened and Endangered Species 

As a result of a habitat evaluation and previous data of the Operable Unit, none 
of the above (4.0) species appear to have potential for occurrence in the area. 

5.2 Wetlands/Floodplains 

There are no wetlands located within the Operable Unit. Potential floodplains 
are found within the canyon systems. Although present, these floodplains will not 
be adversely impacted by the proposed action and therefor no mitigation 
measures are necessary. 

6.0 BEST MANAGEMENT PRACTICES 

Impacts to non-sensitive plant species should be avoided when possible. Off
road driving is especially harmful to plants and soil crust. Vehicular travel should 
be restricted to existing roads whenever possible. If off-road travel is required, 
EM-OB should be contacted to monitor the activity. Revegetation may be 
required at some sites. A list of native plants suitable for revegetation for 



Operable Unit 1144 is contained in the final report "Biological Assessment for 
Environmental Restoration Program, Operable Unit 1144", • 

• 

• 
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