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FOREWORD 

This report is an account of work performed under Consultant Agreement 
MDD-SCA-432162 between June 19, 1987, and September 1, 1987. This work 
utilized information provided to SAIC by Westinghouse Hanford Company and 
Rockwell Hanford Operations. The documents used in this work are l i sted in 
Section 5 of this report. 

It is the purpose of this report to provide an estimate of the cost of 
characterizing and remediating 81 potential CERCLA sites and more than 500 
potential RCRA 3004(u) sites. The development of characterization plans and 
the selection of remedial actions to be implemented was outside the scope of 
this study and will require more detailed information on each site t han is 
available in the documents reviewed for this study. This more detailed 
information will be obtained as a part of the Remedial 
Investigation/Feasibility studies performed for these sites. 



EXECUTIVE SUMMARY 

This report is an account of work performed between June 1~, 1987, and 
September 1, 1987, under Consultant Agreement MOO-SCA-432162. The purpose 
of this work was to develop a strategy for the characterization and remedi
ation of potential CERCLA and RCRA 3004(u) inactive sites in sufficient 
detail to enable the development of costs and schedules. 

Each of the 81 individual CERCLA sites and each type of RCRA 3004(u) 
site (covering approximately 500 sites) were evaluated to identify the types 
of data that might be required for characterization, remedial investigation, 
or remediation. The data needs were identified for each site or type of 
site, and a strategy for characterizing the sites was prepared. Th i s 
strategy was then used to develop a summary of the potential costs and 
possible schedule for characterizing and remediating each site. Each of the 
81 CERCLA sites was addressed individually during this study. Contractual 
restraints precluded analysis of the approximately 500 RCRA 3004(u) sites on 
an individual basis. As a result, the 3004(u) sites were analyzed and 
placed into 15 categories of waste management unit types. A generic Hanford 
unit (size, construction, waste managed, etc.) was then developed as a 
representative unit to be used during the remainder of the study. This 
process and its applications are discussed in greater detail in Section 3.2 
and Appendix C of this report. 

On an individual site basis, the costs of characterization range from a 
low of $3.2 million to a high of $7.7 million for CERCLA sites. Similarly, 
the costs for the sampling and analysis required for RCRA 3004(u) sites 
ranges from a low of $23,000 for a generalized Hanford underground tank to a 
high of $8.6 million for a generalized Hanford ditch. In many cases, the 
costs for characterizing adjacent sites can be materially reduced by 
treating these sites as a group rather than treating each site individually. 
For example, characterizing the 20 trenches in the 200 East BC Crib Area 
(200 East Group Z) on an individual basis is estimated to cost approximately 
$111,340,000, based on the generalized Hanford units developed for this 
study. In contrast, characterizing these units as a group is estimated to 
cost approximately $19,625,000--an 82 percent cost reduction. Cost savings 
result from economies of scale and the elimination of double counting of 
sampling requirements and associated costs. Some grouping arrangements may 
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not result in cost reductions, but they were made to facilitate a more 
efficient characterization and remediation schedule. Cost reductions of up 
to 80% have been identified by grouping of these sites. A more-detailed 
discussion of the grouping of sites can be found in Section 4.0 of this 
report. 

Although the remedial technology for each site cannot be determined at 
this time, some estimate can be made of the probable range of costs for each 
CERCLA site and each type of RCRA 3004(u) site . For the CERCLA sites 
evaluated in this study, the least cost alternative is nearly always the 
capping of the site with some type of subsurface barrier. The most 
expensive alternative is nearly always some type of removal action such as 
excavation and disposal. More detailed evaluation of each site as a par t of 
Remedial Investigation/Feasibility Study will be required to select the 
remediation technologies to be used, to refine the cost estimates, and to 
provide the information required by EPA and State of Washington Regulations 
for use in the final selection of a remedial technology . 

The schedule for the CERCLA sites indicates that it will take 
approximately ten years to complete site characterization based on a budget 
of $50 million per year. RCRA sites could take an additional 15 years. 
Remediation of the sites could take more than fifty years if all sites are 
remediated (assuming a budget limit of $100 million per year for 
remediation). 

iii 



TABLE OF CONTENTS 

INACTIVE WASTE SITE STUDY REPORT 

Section Page 

Forward . . . . . i 
Executive Summary ii 
List of Figures . vii 
List of Tables. . viii 
1.0 INTRODUCTION 1-1 

1. 1 OVERVIEW. . . . . . . . . . . . . . . . . . . . 1-2 
1.1.1 Overview of the Regulations, Procedures and 

Requirements. . . . . . . . . . . . . . . 1-2 
1.1.2 General Description of the Hanford Reservation 

and Inactive Waste Proposal Sites . . . . . . . 1-9 
1. 1.3 Overview of the Inactive Waste Sites Inventory . 1-12 

1. 2 SUMMARY . . . . . . . . . . . . . . . . . . . . . . 1-44 
1.3 COST OF REMEDIAL TECHNOLOGIES IN MILLIONS OF DOLLARS 

FOR SEVERAL TYPES OF DISPOSAL UNITS . 1-46 

2.0 SUMMARY OF CERCLA SITES. . . . . . . . . . . . . . 2-1 
2. 1 DETERMINING THE NEED FOR REMEDIATION. . . . . 2-1 
2. 2 APPROACH TO DEVELOPING SITE CHARACTERIZATION 

METHODOLOGY . . . . . . . . . . . . . . . . . . . . 2-15 
2.2.1 Identification of Rememdial Action Requirements 2-17 
2.2.2 Identification of Site-Specific Contaminant 

Transport Pathways of Concern . . . . . . . 2-18 
2.3 SITE CHARACTERIZATION METHODOLOGY . . . . . . . 2-18 

2.3.1 Evaluation of Existing Data . . . . . . . . 2-20 
2.3.1.1 Environmental Setting . . . . . . . . 2-22 
2.3.1.2 Hazardous and Radioactive Substances . 2-23 
2.3.1.3 Environmental Concentrations. . . . . 2-24 
2.3.1.4 Potential Impacts of Receptors. . . . 2-27 

2.3.2 Collection and Evaluation of Additonal Data . 2-28 
2.3.2.1 Identification of Potentially Applicable 

Site Characterization Methods . . . . . . . 2-28 
2.3.2.2 Compliance of Site Characterization Methods 

With Environmental Regulations. . . . . . . 2-30 
2.4 PLAN FOR CONDUCTING THE SITE CHARACTERIZATION . . . . 2-33 
2. 5 VERIFICATION OF COMPLIANCE OF CHARACTERIZATION METHODS 

WITH ENVIRONMENTAL REGULATIONS . . . . . . . . . . 2-60 
2.6.1 Methodology of the Remedial Action Selection 

Process . . . . . . . . . . . . . . . . . 2-70 
2.6.1.1 Site Conditions and Waste Disposed. . . 2-70 
2.6.1.2 Pathways and Fate of Pollutants . . . . 2-72 
2.6.1.3 Selection of Technologies . . . . . . . 2-83 
2.6.1.4 Screening of Technologies . . . . . . . . 2-84 
2.6.1.5 Selection of Final Remedial Technologies . 2-84 
2.6.1.6 Selection of the Remedial Technologies 

by Site . . . . . . . . . . . . . . . 2-86 
2.6.2 Summary of Selected Remedial Action by Site 2-90 . 
2.6.3 Remedial Action Unit Costs. . . . . . . 2-91 

2.7 COST ESTIMATES FOR INACTIVE WASTE DISPOSAL 
CHARACTERIZATION AND REMEDIATION. 2-92 

2.7.1 Cost Elements . . . . . . . . . . . 2-92 

iv 



I 

TABLE OF CONTENTS (Continued) 

INACTIVE WASTE SITE STUDY REPORT 

Section 

3.0 

4.0 

2.7.2 Site Characterization Costs . 
2.7 .3 Site Remedial Action Costs .. 

2.8 ESTIMATED SCHEDULES AND MANPOWER. 

ASSESSMENT DOCUMENT FOR RCRA 3004(u) SITES 
3.1 FEASIBILITY AND SCOPING ...... . 
3.2 CHARACTERIZATION STRATEGY ....... . 

3.2.1 Determining the Need for Rememdiation . 
3.2.1.1 Waste Constituents Matrix ......... . 
3.2.1 .2 Release Potential and Need for Action Matrix . 

3.2.3 Characterization Costing Strategy ....... . 
3.2.3.1 Classification by Hydrogeologic Setting .. 
3.2.3.2 Generalized Hanford Units ........ . 
3.2.3.3 Characterization Techniques and Unit Costs. 

3.2.4 Summary of Characterizations Costs ..... . 
3.3 ENGINEERING ALTERNATIVES ............ . 

3.3.1 Overview of the Remediation Strategy .... . 
3.3.2 Selection of In-Place Rememdiation Techniques 
3.3.3 Exhumation .......... . .. . 

3.3.3.1 Excavation Estimate ..... . 
3.3.3.2 Limitations and Applications .. 

3.3.4 Estimated Remediation Cost ..... . 
3.3.4.1 Methodology for Cost Evaluation 
3.3.4.2 Remediation Cost Estimates ... 

3.3.5 Estimated Remediation Costs Summary. 
3.4 ESTIMATED MANPOWER AND SCHEDULING ...... . 

3.4 . 1 Characterization Unit Schedules and Manpower 
Requirements ............. . 

3.4.2 Remediation Unit Schedules and Manpower 
Requirements .. . .......... . 

3.5 SUPPORT ACTIVITIES ............ . 
3.6 STUDY LIMITATIONS ............ . 

COST AND SCHEDULE BENEFITS FROM GROUPING OF SITES. 
4. 1 RCRA SITE GROUPINGS AND INTERACTION 

4.1.1 Site Locations and Groupings. 
4.1.1.1 100 8/C Area .. 
4.1.1.2 100 D/DR Area. 
4.1.1.3 100 F Area .. . 
4.1.1.4 100 H Area .. . 
4.1.1.5 100 KE/KW Area. 
4.1.1.6 100 N Area. 
4.1.1.7 200 E Area ..... 
4.1.1.8 200 W Area. 
4.1.1.9 200 N Area. 
4.1.1.10 300 Area. 
4.1.1.11 400 Area .. 
4.1.1.12 600 Area . 
4.1.1.13 700 Area. 
4.1.1.14 1100 Area. 

V 

2-94 
2-95 
2-158 

3-1 
3-5 
3-12 
3-12 
3-13 
3-39 
3-70 
3-71 
3-75 
3-75 
3-85 
3-88 
3-89 
3-90 
3-95 
3-96 
3-98 
3-100 
3-100 
3-100 
3-105 
3-108 

3-108 

3-113 
3-116 
3-119 

4-1 
4-1 
4-1 
4-2 
4-3 
4-4 
4-5 
4-5 
4~6 
4-7 
4-14 
4-18 
4-18 
4-19 
4-19 
4-20 
4-20 



Section 

TABLE OF CONTENTS (Continued) 

INACTIVE WASTE SITE STUDY REPORT 

4.2 RCRA/CERCLA GROUPING. 
4.2.1 100 B/C Area .. 
4.2.2 100 D/DR Area .. 
4.2.3 100 F Area ... . 
4.2.4 100 H Area ... . 
4.2.5 100 KE/KW Area ... . 
4.2.6 200 Area CERCLA Sites . 
4.2.7 200 E Area ..... . 
4.2.8 200 W Area ..... . ....... . 

4.3 COST REDUCTIONS FOR RCRA/CERCLA GROUPINGS 
4.4 MASTER SCHEDULE FOR RCRA/CERCLA GROUPINGS 

5.0 BIBLIOGRAPHY OF HANFORD MATERIALS ....... . 

vi 

4-20 
4-23 
4-23 
4-24 
4-25 
4-25 
4-26 
4-27 
4-28 
4-31 
4-35 

5-1 



Figure 

1-1 
1-3 
1-4 
1-5 
1-6 
1-7 
1-8 
1-9 
1-10 
1-11 
1-12 
1-13 
1-14 
1-15 
1-16 
1-17 
1-18 
1-19 
1-20 
2-1 
3-1 
3-2 
4-1 

LIST OF FIGURES 

100 8/C Area .. 
100 KE/KW Area. 
100 N Area .. 
100 0/DR Area 
100 H Area. . 
100 F Area . . 
200 East Area 
200 West Area 
300 Area. . . . . ... 
Locations of the 100 Area Sites . 
100-B and 100-C Area Waste Sites. 
100-0 and 100 DR Area Waste Sites 
100-F Area Waste Sites .. 
100-N Area Waste Sites .. 
100-K Area Waste Sites .. 
200 East Area Waste Sites 
200 West Area Waste Sites 
300 Area Waste Sites ... 
600 Area Waste Sites. . . . . . . . . 
Remediation Technology Selection Sequency 
RCRA 3004(u) Need for Action ...... . 
Definition of a Solid Waste ....... . 
Cost Reductions through Grouping RCRA Sites and 
RCRA/CERCLA Sites for Characterization ... 

vii 

1-14 
1-15 
1-16 
1-17 
1-18 
1-19· 
1-20 
1-21 
1-22 
1-25 
1-27 
1-29 
1-30 
1-31 
1-33 
1-36 
1-38 
1-40 
1-43 
2-71 
3-6 
3-8 

4-37 



1-1 
1-2 
1-2 

1-3 

2-1 

2-2 

2-3 
2-4 
2-5 
2-6 
2-7 

2-8 

2-9 
2-10 
2-11 

2-12 
2-13 
2-14 
2-15 
2-16 

2-17 

2-18 

2-19 
2-20 
2-21 
2-22 

2-23 

2-24 

3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
3-9 
3-10 
3-11 

LIST OF TABLES 

List of CERCLA Sites in the 200 East Area 
List of CERCLA Sites in the 200 West Area 
Summary of Stages II, III, and IV Site 
Characterization Costs by Area . . . . . 
Cost of the Rememdial Technologies in Millions of 
Dollars for Several Types of Disposal Units . . . 
Breakdown of CERCLA Sites at Rockwel l Hanford 
Operations by Area and Subarea ...... . 
Breakdown of Unit Type Used at CERCLA Sites at the 
Hanford Operations by Area and Subarea .. .. . . . 
Hanford Inactive Waste Sites Sorted by Site ID . . . 
Hanford Inactive Waste Sites Sorted by Area ... . 
Hanford Inactive Waste Sites Sorted by Unit Type .. . 
Hanford Inactive Waste Sites Sorted by Waste Dispose. 
Criteria Applicable to Determining Need for 
Remediation - A Form for Site Evaluation .... . . 
The Remedial Action Requirements to Support the 
Site Characterization Methodology for CERCLA Sites. 
Adequacy of Pathway Characteristics Data ...... . 
Potentially Applicable Site Characterization Methods. 
Compliance of Site Characterization Methods With 
Environmental Regulations . . . . ........ . 
Summary of Sampling Needs for the 100 Area Sources. 
Summary of Sampling Needs for the 200 Area Sources. 
Summary of Sampling Needs for the 300 Area Sources. 
Stage IV Confined Aquifer Drilling ... . .... . 
Summary of the Complete Sampling Needs of the 100, 
200 & 300 Areas . ....... ... .... . . 
Selected Applicable or Relevant and Appropriate 
Ambient Requirements .. . . . . . ....... . 
EPA Ambient Water Quality (WQC) for Protection of 
Human Health .. ; ............ . 
Accepted Methods for Analysis of Samples .. 
Potential Remedial Action Alternatives .. . 
General Remediation Technology Groups . . . 
Summary Matrix of Applications of Rememdial Action 
Technologies .............. .... .. . 
Summary of Stages II, III, and V Site Characterization 
Cost by Source. . . . . . . . . . . . . . . 
81 Priority Sites Recommended for Phase II 
Characterization . . ...... . .......... . 
Summary of 3004(u) Inactive Waste Sites. 
100 B/C Waste Constituents Matrix .. 
100 D/DR Waste Constituents Matrix . 
100 F Waste Constituents Matrix .. . 
100 H Waste Constituents Matrix .. . 
100 KE/KW Waste Constituents Matrix . 
100 N Waste Constituents Matrix . 
200 E Waste Constituents Matrix .. 
200 W Waste Constituents Matrix .. 
200 N Waste Constituents Matrix .. 
300 Area Waste Constituents Matrix 

viii 

1-34 
1-37 

1-45 

1-46 

2-2 

2-3 
2-4 
2-6 
2-8 
2-10 

2-13 

2-19 
2-25 
2-31 

2-32 
2-38 
2-47 
2-57 
2-58 

2-59 

2-61 

2-63 
2-69 
2-73 
2-85 

2-87 

2-96 

2-138 
3-11 
3-15 
3-16 
3-17 
3-18 
3-19 
3-20 
3-21 , 
2-27 
3-31 
3-32 



r 

j 

j 

I 

I 

I 

Table 

3-12 
3-13 
3-14 
3-15 
3-16 
3-17 
3-18 
3-19 
3-20 
3-21 
3-22 
3-23 
3-24 
3-25 
3-26 
3-27 
3-28 
3-29 
3-30 

3-31 
3-32 
3-33 
3-34 
3-35 
3-36 
3-37 
3-38 
3-39 
3-40 
3-41 
4-1 

LIST OF TABLES (Continued) 

-
400 Area Waste Constituents Matrix . 
600 Area Waste Constituents Matrix . 
700 Area Waste Constituents Matrix . 
1100 Area Waste Constituents Matrix ........ . 
100 B/C Release Potential and Need for Action Matrix . 
100 D/DR Release Potential and Need for Action Matrix. 
100 F Release Potential and Need for Action Matrix .. 
100 H Release Potential and Need for Action Matrix .. 
100 KE/KW Release Potential and Need for Action Matrix 
100 N Release Potential and Need for Action Matrix .. 
200 E Release Potential and Need for Action Matrix .. 
200 W Release Potential and Need for Action Matrix .. 
200 N Release Potential and Need for Action Matrix .. 
300 Area Release Potential and Need for Action Matrix. 
400 Area Release Potential and Need for Action Matrix. 
600 Area Release Potential and Need for Action Matrix. 
700 Area Release Potential and Need for Action Matrix. 
100 Area Release Potential and Need for Action Matrix. 
Distribution of Waste Unit Types in Areas with Shallow 
Versus Deep Groundwater .. 
Deep Groundwater Sites .. 
Shallow Groundwater Sites. 
Characterization Techniques ... 
Need for Action (Verification Process) ..... . . 
Characterization Costs for Shallow Groundwater Areas 
Characterization Costs for Deep Groundwater Areas. 
Potential In-Situ Remedial Actions for Waste Units 
Size Categorization by Type of Waste Site ... . 
RCRA 3004(u) Sites Excavation Costs ...... . 
RCRA 3004(u) Sites In-Place Remediation Costs .. 
Schedule to Complete Characterization ..... . 
Cost Reductions through Grouping RCRA Sites and 
RCRA/CERCLA Sites for Characterization ........ . 

ix 

3-33 
3-34 
3-36 
3-37 
3-42 
3-43 
3-45 
3-46 
3-47 
3-49 
3-50 
3-55 
3-61 
3-62 
3-63 
3-64 
3-66 
3-67 

3-72 
3-73 
3-74 
3-76 
3-78 
3-86 
3-87 
3-92 
3-103 
3-106 
3-107 
3-110 

4-32 



Draft September 3, 1987 

remedial responses under CERCLA . Selection of a response is based on 
factors such as health and environmental protection, technology, cost, 
institutional considerations, and site -specific factors. The NCP provides 
limited guidance regarding the standards to be applied to CERCLA cleanups, 
but directs that remedial actions must be protective of human health and the 
environment and attain legally applicable or relevant and appropriate 
Federal and State regulations (ARAR's). 

The Superfund Amendments and Reauthorization Act of 1986 (SARA) 
incorporated several of these factors into the statute and added a new 
mandate with regard to standards for cleanup remedies. Remedial actions at 
CERCLA sites must be: 

o Protective of human health and the environment (including meeting 
Federal and State ARARs); 

o Cost effective in achieving goals; and 

o Utilize permanent remedies and alternative treatment technologies 
or resource recovery technologies to the maximum extent 
practicable . 

The strong preference for "permanent" remedies is a significant new 
direction for the CERCLA program and will receive major emphasis at RCRA 
cleanups as well . 

Application of RCRA requirements to CERCLA actions has recently been 
clarified by a working draft guidance that EPA has released for review and, 
as previously mentioned, by Section 121 of SARA which addresses ARAR's. The 
draft guidance is not to be cited or quoted, but it is very similar to the 
requirements in the SARA. SARA requirements indicate that all Superfund 
remedial actions are to attain ARAR's (except for permits for onsite 
actions), unless the Administrator waives the ARAR's. SARA lists six 
reasons for waiving applicable or relevant and appropriate requirements. 
These are: 

1-3 
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o The remedial action is an interim measure where the final remedy 
will attain the ARAR upon completion 

o Compliance will result in greater risk to human health and the 
environment than other options 

o Compliance is technically impracticable 

o An alternative remedial action will attain the equivalent of the 
ARAR 

o For state requirements,the state has not consistently applied the 
state requirement in similar circumstances 

o For Section 104 remedial actions, compliance with the ARAR will 
not provide a balance between protecting public health, welfare , 
and the environment at the facility with the availability of Fund 
money for response at other facilities (Fund-balancing). 

The result of SARA Section 121 will be increased application of RCRA 
procedures and standards to CERCLA actions, especially for discreet disposal 
units that clearly meet the traditional sense of a solid waste management 
unit. Waivers will require additional efforts by the responsible parties to 
construct supporting arguments that the Administrator will need to 
incorporate with the consent decrees or records of decision. 

Conflicts Identified for the CERCLA Sites. The DOE ORDER 5480.14, 
Comprehensive Environmental Response, Compensation and Liability Program, 
describes the decision process used by DOE in determining whether or not a 
site requires further action beyond phase 1. Sites posing no threat of 
release are eliminated from further consideration. Sites qualifying for the 
NPL are recommended for further action to quantify migration potential. 
Sites not qualifying for the NPL, but exceeding other applicable DOE 
remedial action criteria or guidance or posing potential regulatory concern 
under other environmental acts, are proposed for further action. 

1-4 
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As a result of SARA, 00£ facilities will be required to carry out the 
same activities as previously required of private facilities. The new law 
also requires that the Remedial Investigation/Feasibility Study (RI/FS) be a 
mandatory requirement for sites on the NPL . This will require the revision 
of DOE Order 5480.14 to require the initiation of the RI/FS process within 
12 months of the site being listed on the NPL . 

Certain guidelines are specified by the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) and the National 
Contingency Plan (40 CFR 300) for preliminary assessment of sites 
potentially containing hazardous substances that might adversely affect 
human health or welfare. The Superfund Amendments and Reauthorization Act 
of 1986 (SARA) modifies CERCLA but these changes will not apply to any 
response action or remedial action for which a plan is under development by 
the DOE at the Hanford Site. The Draft Phase I Installation Assessment of 
Inactive Waste-Disposal Sites at Hanford, June 1986, Volumes 1 and 2, meets 
the requirements of 40 CFR 300 for the preliminary assessment. The 
preliminary site investigation has compiled available literature, interviews 
of knowledegable sources, monitoring data, records and photographs of all 
sites currently in question into a comprehensive report. Volume 1 also 
describes the methods and data used as input to EPA's Hazard Ranking System 
(HRS) and the resulting scores. Some questions were raised as to the 
validity of some of the HRS scores. Particularly the handling of 
radioactive materials and the scores resulting from hazardous substances 
that may have been released in small quantities. An additional ranking was 
performed which was called mHRS. This reevaluation of sites resulted in the 
changing of some of the final HRS scores. The approach has been documented 
in Volume 1. With the notification of the Administrator of the EPA, the 
Hanford Site has fulfilled all requirements for the preliminary assessment 
as required by 40 CFR 300. 

The RCRA corrective action authority is a redundant authority that EPA 
could use at DOE facilities . The RCRA author i ties are broader than the 
CERCLA authorities because the standard that must be met in order to invoke 
the authority is as low as (for Section 3008(h)) the mere existence of a 
release ,whether or not any person or any part of the environment is 
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threatened by the release. EPA is not required by Sections 3004(u), 
3004(v), or 3008(h) to show an "imminent and substantial endangerment'', as 
required under CERCLA. 

Sections 3004(u) and (v) and 3008(h) of RCRA were added by the 
Hazardous and Solid Waste Amendments of 1984 (HSWA). These "corrective 
action" provisions of RCRA authorize the EPA to require corrective action to 
be undertaken to address releases of hazardous constituents at sites located 
at either interim status facilities or facilities that will require a RCRA 
permit. Consequently, for any federal facility that will require a RCRA 
permit for one or more treatment, storage, or disposal units, releases from 
even pre-RCRA solid waste management units (SWMU's) at that facility can be 
addressed by EPA under RCRA authorities. 

The corrective action programs already in place under CERCLA and RCRA 
Part 264 Subpart Fare the foundation for the 3004 (u) program. Sections 
104 and 106 of the Comprehensive Environmental Response Compensation and 
Liability Act authorize EPA to take response actions, including removal or 
remedial measures, when a release or threat of release of a hazardous 
substance is discovered which may effect health or welfare. Generally, 
these authorities are used in situations where contamination has occurred at 
abandoned sites. Where contamination is related to activities at hazardous 
waste management facilities that are operating or have operated at any time 
since November 1980, both RCRA and CERCLA potentially apply. EPA has 
chosen, as a matter of policy, to initiate action under RCRA rather than 
CERCLA at most facilities. 

The RCRA program will utilize, where feasible, remedial approaches that 
provide for treatment of wastes and control of the source as opposed to 
limited solutions such as capping, where the contaminating material is 
allowed to remain in place. 

The Hazardous Solid Waste Act (HSWA) corrective action regulations, 
when they become available, will represent the most important set of RCRA 
standards (ARARs) for CERCLA remedial actions. As such, a primary goal in 
development of the RCRA regulations will be to establish, to the maximum 
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extent possible , a consistent approach between the RCRA and CERCLA programs 
to remediating environmental problems . 

Existing RCRA regulations for ground water corrective action (40 CFR 
Part 264 , Subpart F) prescribe a specific approach for detection , 
characterization, and cleanup of contaminated ground water from permitted 
land disposal units that received waste after July 26, 1982. Subpart F 
requires that ground water be removed or treated in-place within a 
reasonable period of time when a pre -determined performance standard has 
been exceeded at a point of compliance (unit boundary). The performance 
standard may be defined as background, a generic drinking water standard 
applicable to all facilities (maximum concentration limits or MCLs) or a 
health-based standard calculated on the basis of actual facility condit ions 
(alternate concentration limits or ACLs) . 

RCRA standards for closure of operating hazardous waste management 
units are also related to establishing cleanup remedy standards for 3004(u) 
corrective action . Many corrective actions are likely to involve measures 
designed to control sources of contamination. RCRA closure regulations 
specify how wastes in units may be removed or decontaminated or otherwise 
subjected to post-closure care requirements . Although the concept of RCRA 
"closure" of operating units is in some ways different from cleanup of old , 
abandoned waste management units or contaminated areas, the approach to 
regulating corrective action should be consistent with the principles of 
RCRA closure. 

Conflicts Identified for RCRA 3004(u} Sites. EPA has not resolved how it 
will apply the CERCLA and RCRA corrective action authorities. Many 
situations, at least over the short-term, can be addressed by orders under 
either authority, thus leaving EPA with a cho i ce of tools. But , over the 
long-term, for active sites that will eventual ly require a permit, the 
Administrator of EPA is required by Section 3004(u) of RCRA to put 
conditions in the permit that require correct i ve actions to address releases 
from SWMU's. Thus, even if all SWMU's that score above 28.5 on the HRS (or 
the required score on the new replacement for the HRS which SARA requires) 
are addressed by DOE under CERCLA, DOE could later be required under RCRA to 
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address releases from any sites that did not qualify for the NPL. 
Therefore, it is unclear for the present whether CERCLA or RCRA will apply 
at uncontrolled DOE waste sites . 

Relationship Between DOE Orders, EPA and Washington Department of Ecology · 
Regulations. The Operative CERCLA DOE Order is No. 5480.14. As noted in 
the previous section, the SARA requires that the Federal facilities respond 
to the same requirements as private facilities. Furthermore, the 
Environmental Protection Agency has just amended 40 CFR 300 to add several 
new Federal Facility Sites. In the explanation of the rule, EPA has 
indicated they may choose not to use CERCLA to respond to certain releases 
because other authorities can be used to achieve these cleanups (52 FR 27625, 
July 22, 1987). In most cases, Federal Facility cleanups can be conducted 
under the corrective action provisions of RCRA. 

Therefore, Federal RCRA regulations may be used for CERCLA sites. EPA 
can delegate the authority for RCRA to the states; and in the case of 
Washington State, the State program has been accepted by EPA . In this 
situation, EPA retains oversight for the implementation of the regulations. 
Recent guidance from EPA indicates that the agency is moving in the direc
tion of making corrective action guidance under CERCLA and the corrective 
action under RCRA equivalent. 

The Washington State Regulations for Dangerous Waste (173-303 WAC) will 
apply to all dangerous waste interim status waste management units, 
dangerous waste permitted waste management units, and units seeking a 
closure/post-closure permit as a dangerous waste management unit. The 
corrective action provisions under this regulation include groundwater 
monitoring corrective action (interim and final status land disposal units) 
and closure requirements (clean up contamination to background or close as a 
"RCRA" landfill). These regulations are equivalent to 40 CFR 264.100, 
264.112, 264.117, 265.93, 265.112, 265.117, and 265.118. 

Corrective action of solid waste management units can be mandated by 
EPA under RCRA 3004(u). Any facility seeking a dangerous waste permit 
(final status or closure/post-closure) will be subject to the corrective 
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action provisions of the 1984 RCRA amendments. EPA currently has sole 
authority for the 3004(u) corrective action program. No states have been 
delegated this authority . Under the EPA 3004(u) corrective action program, 
special conditions will be included in the permit specifying remediation or 
verification sampling to be performed and a schedule for meeting these 
requirements. 

1.1.2 General Description of the Hanford Reservation and Inactive Waste 
Disposal Sites 

The semiarid Hanford Site, operated by Westinghouse Hanford Company for 
the DOE, occupies about 1,476 square kilometers (570 sq mi) of the south
eastern part of Washington State north of where the Yakima River flows into 
the Columbia (see Figure 2.1). The Site lies about 320 kilometers (200 mi) 
east of Portland, Oregon, 270 kilometers (170 mi) southeast of Seattle, 
Washington, and 200 kilometers (125 mi) southwest of Spokane, Washington. 

Established in 1943, the Hanford Site was originally designed, built, 
and operated to produce plutonium for nuclear weapons using production 
reactors and chemical reprocessing plants. Since then, waste management, 
energy research and development, isotope use, and other activities have been 
added to Hanford operations. 

In 1943, after the Fermi experiment at the University of Chicago showed 
that nuclear fission could be controlled in a small reactor, the U.S. Army 
Corps of Engineers selected Hanford as one of the location to build larger 
versions of the Fermi reactor to produce plutonium for possible use in 
military weapons. Construction started in 1943 on three reactor facilities 
and three chemical processing facilities. The first of the reactors went 
into operation about 18 months after the start of construction, and the 
first plutonium was available some 4 months later. 

After World War II, five reactors similar to those built during the war 
were constructed. A total of eight graphite-moderated reactors used the 
Columbia River for once-through cooling (i.e., water circulated through the 
reactors only once before being released back to the river). 
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Early in the 1950s corrstruction began on the research and development 
facilities known as the Hanford Laboratories. This marked the first 
diversification of Hanford from a purely defense-materials production 
facility to one heavily involved in peacetime uses of the atom. 

In 1963 the N Reactor was built. The N Reactor is different from the 
other eight reactors in that it generates steam as a by-product of the 
plutonium production and does not use river water as a once-through coolant . 
Since 1966 the Washington Public Power Supply System has used the steam to 
generate electricity. 

A presidential decision was made in early 1964 to begin shutting down 
the older Hanford reactors. This decision resulted in the closing down of 
all eight of the older reactors by the end of 1971, leaving the N Reactor as 
the only operational production reactor. 

Historical practices and operational changes of particular interest to 
this study are as follows: 

o shutdown of the last of eight once-through cooled production 
reactors (adjacent to the Columbia River) in 1971 

o substitution of a bismuth phosphate precipitation process with 
solvent extraction chemical reprocessing in 1956 (and associated 
replacement of bismuth phosphate first- and second-cycle wastes 
with solvent wastes) 

o segregation of transuranic solid waste, stored for later shipment 
off site,beginning in 1970 by DOE Order 

o termination of routine liquid discharges containing transuranics 
to the soil column in 1973 

o consolidation of all radioactive solid-waste disposals in all 
Hanford areas to the 200 Areas and of all nonradioactive 
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trash/chemicals to the Central Landfill (an area near the center 
of the site) in 1973 . 

As a result of these process changes and new DOE requirements, the 
sites of most interest to this study are those established early in the 
history of Hanford's waste-management operations. Current disposal 
practices at Hanford have not resulted in measurable public health impacts 
(Price et al. 1984, 1985; Price 1986; Cline et al. 1985). 

General Description of Inactive Waste Disposal Sites 

The operations at the Hanford Site have produced various low-level 
radioactive and chemical solid and liquid wastes. Most of the wastes have 
been stored on-site or disposed of on-site in the soil column. A total of 
337 inactive waste disposal sites have been identified at the Hanford Site. 

Twenty-one of the inactive sites (6%) were used to dispose of 
nonradioactive wastes only. Thirty-three more (10%) received predominantly 
water and radionuclides (100-Area reactor coolant and ruptured 
fuel effluents). The remainder of the Hanford waste-disposal sites (84%) 
contain a mixture of radionuclides and chemicals. Approximately three
quarters of Hanford's disposal sites were used to dispose of liquids. 

The sites occupy surface areas ranging from 0.02 square meters (0.2 sq 
ft) to more than 15 hectares (37 acres) and were in service for periods 
ranging from a few days to 32 years. In total, the inactive waste-disposal 
sites occupy 1,416 hectares (3,500 acres), approximately 1% of Hanford's 
total area. The average depth to ground water from the surface of inactive 
waste-disposal sites varied from about 13 meters (43 ft) in the 300 Areas to 
73 meters (240 ft) in the 200 Areas. 

The Hanford Site is divided into 14 major operational areas. The nine 
100 Operational Areas each contain one production reactor facility of which 
only one remains in operation. The nine 100 Operational Areas are all located 
along the Columbia River in the northern part of the Hanford Reservation . 
The two 200 Operational Areas contain reactor fuel processing, plutonium 
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separation , and waste management facilities. Both 200 Operational Areas are 
located near the center of the Hanford Reservation on the Central Plateau 
approximately 7 miles from the Columbia River. The 300 Operational Area 
contains reactor fuel manufacturing facilities. It is located along the 
Columbia River approximately 1 mile north of the Richland city limits. The 
400 Operational Area contains an experimental reactor and associated support 
facilities . It is located in the southeast section of the Hanford 
Reservation approximately 4.5 miles from the Columbia River. The 600 
Operational Area consists of the rest of the Hanford Reservation that is not 
located in the other operational areas. Figures 1-1 through 1-10 shows the 
general locations of the operational areas within the Hanford Reservation. 

Approximately 67% of the inactive waste disposal sites are located 
within or just outside of the 200 Operational Areas (East and West). 
Approximately 25% of the inactive sites are located within or just -0utside 
of the nine 100 Operational Areas (B, C, D, DR, KE, KW, F, Hand N). The 
remaining 8% of the sites are located in the remaining operational areas 
(3090, 400 and 600). 

Radioactive and nonradioactive wastes are stored or disposed of in a 
variety of disposal structures. The most prevalent systems, by area 
serviced, include burial grounds (100 and 600 Areas), cribs (200 Areas), and 
liquid-waste trenches (300 Area). 

1.1.3 Overview of the Inactive Waste Sites Inventory 

The inactive waste-disposal sites received an estimated 1.6 billion 
cubic meters (422 billion gallons) of aqueous wastes and 140,000 cubic 
meters (183,000 cubic yards) of solids, containing 75,000 metric tons of 
chemicals and 90,000 curies of radionuclides altogether. (The basis for 
these numbers is published literature and process estimates; the associated 
uncertainty of the estimates is unknown.) 

1-12 



~ 
-N-

~ 
0 5 10 

Kilometers 

· -·- ·-· Hanford Site Boundary 

FIGURE 1-1. FEATURES OF THE HANFORD SITE. 
SOURCE: U.S. DOE 1986a. 

i-13 



.. 

434 

--- 436T : l;,.f-'-_"'~ ... , 
. I 

28T·! 

r-r~~~~~~~~~~ 
.-- _,,. 

l sM :· 
4~L-- 4"5B • -~-ir::±---:-:.~-l-~:::-" 
* f --

,,.... / 
. --' , r , --

-: ,__,, -- 12 

I 
I ,I 

I , ,J- :~· . " ' -·--

470 000 
•EET 

~---------==---------,;.,· -~-::--~------... -::=:::--------"""!i~, 295 Z96 297 298CJIDI£ 119- 37 ' 30" 

.I 

SCALE 1:24 000 

• - • - - lall ---f&r 

ROAD l.EGEND 
I ; owd .,_. ____________ ~=-== 

~ ... ----------- -~2-.: "=c.:.:.;; 
Ttaa ______________ _______ _ 

0 •--- ._ C U.S . ..,. 

CONTOUI ffl'EJIVAL 11 FEET 1-14 

- - - ... 
('-~ J-- SOURCE: USGS, 1986 
~ w~rON Vernita Bridge , WA 
~ • 46119-F6-TF-1024 
- -,l. -- · ., - . 

FIGURE 1-2. 100 8/C AREA 



36 ,,. /.' f .~:-_ 
V ; , , , , ' " . -f_ 'll- ·_,_ 

~'/ / \)"- .,, -; :..:._~ .. ,' 
' \ I I 

) I )' • • -

---- ' ' 1 / ~~r l 
I " 

I 

/ 

/ -~- ~~~ 
, .c ✓--:-;. ~ -::: -- .:.. · 

468 

;;. .- - - _;;: -

4L 37 ' JC' --~. __ ._ ____ -!"!~--....;;......1,,...,;.,;.;_.;...,J{ .;,.: _,_;. __ ...;,-/ __ _;;;;;.._;.__J.., .... '-J----.,;__;_ _ _;;, 
119 ' 37' 30 " JQQ lQl 2230000 FEET , 35 ' JQ3 

SCALE 1:24 000 
~-=~- ·=-=- ·~~-.::sacs O -~~~--- ~, '-'""''a'e-·~·:e,,='S!""2=S==-=.as.""".:,,;;=e..a.-e=,,-_- ' 

1 
~-r..=--'i ·- - - .,__,=: - :: --=- ~--~= 

MILES 
2000 30_00 4000 50_00 60_00 7000 . 8000 9000 10 000 

-1000 0 -~ 
1000 

FEET 

ROAD LEGEND 

Improved Road ......................... ..... .. ..................... = = = 
r----' 
\ 

\\ -\ ... 111"\t , 1 • ., 

Unimproved Road ............... ..... ........ ...... .... .......... _ • 
Trail .. .. .. ............. ..... ...... ..... ............ .. .... .. ............... - - - - - - - - -

:. _____ _ 

SOURCE: USGS, 1986 
Coyote Rapids, WA 
46119-FS-TF-024 
Provisional Edition 
1986 

r--
: . .___,,· Interstate Route 

----. 
'-..- · U.S . Route State Route FIGURE 1-3. 100 KE/KW AREA .__ · 

CONTOUR INTERVAL 10 FEET 



-

2 230 000 FEET1 35 ' )03 )()4 

SCALE 1:24 000 
.5 0 

ROAD LEGEND 

Improved Road ........ .... .... ... ................. .. .. ............. === = 

Unimproved Road .. ... ... ............... .................... ... .. = = == ==. , . 

Trail ................. ... ...... .... ........................................ ____ __ __ _ 

0 Interstate Route O U.S. Route Q State Route 1-16 

CONTOUR INTERVAL 10 FEET 

)()5 

\ \\ \'-HI"\ < ·, t"\ ~ --
FIGURE 1-4. 

( :,....,,... ' '\., ;-- p . 
' ~.._:1 :1-

_/ '---· · -- ~ 
1\ \? 

)06 

SOURCE: USGS, 1986 
Coyote Rapids, WA 
46119-F5- TF-024 

100 N AREA 



-- .. 

·7 4 18 T '' 
= : s. : =: ,: =-"': ~ ..!:::. ": .:IC : == 

C -- \ 
' '... 

42 J O'" 
~ -... ......... \ , _ 

- r - -- --
00 

._, . ' < 

' 

"~ _ II 
':"e , ; ' "· , -4/~c'v ~-- ... _-' ,,_) :: 

_.,, 
' ·,, ,----" J.:.*f--~~..,..../-~ ~::-----,L- -+---~~~=::::::..-::......,:--~+-- - - - - - +-,-- - t-- 7 : - ;-~---,:=11175 

II 

T 

JQS 

1000 0 1000 
~ - - - -::i 

.5 
SCALE 1:24 000 

0 
:=:e:====-=="'3. -

MILES 
2000 3000 4000 5000 
-_-,r _ ==="'='=="~ . F°EE.T 

ROAD LEGEND 

Improved Road -., ....... .. ... ... ... ..... .. ..... ...... ... .. ......... =~-= 

Unimproved Road ... ...... ......... ....... .............. •··•····· = = = ,. • = = - = 

Trail ..... .... ... .. .. ......... ............ ..... .. .. ... .. ......... ...... .... - - - - - - - - · 

Q lntustate Route O U.S . Route Ci State Route 

CONTOUR INTERVAL 10 FEET 

6000 

1-17 

•= = ==== == == == =,- " 422T " ~: C t • 
r ' 

13 

JQ7 

'- J\ ' . ..r "?_ II 

Borrow -F,:i ts 

0 l '-J 
" '~ .. -::. ~ -,, ' 

." \ 
( 
\ 

\ 

' ' ' 

.. J 

\ r·, :r 
I ' ' 

I ' \ . i . 

/I 
• - r 
. ,. " ·' 

,. 
" ,/ 

\ ........ /' 
I, 

\ 
' ' 

! \• / I \ 
,, " 

, I ,,' 42/T ,_ . 
= = =-= = = a =- = = ~ = ; ";' "' = =-,,. c4 , 

/ -,_ - __ J•, 42/ 
/" I I• .,, • 

\ 25 

\ 
JQB 

~ j SOURCE: USGS, 1986 
: Coyote Rapids, WA 

~ 111

'
111

'" ~~ 46119-FS- TF- 024 ~-------~ 
FIGURE 1-5. 100 0/DR AREA 



........... __ _ - - -·~ - - ---- - - ----- - ----------------

13 

. ,, 
' ,, 

I, 

. 
1, ,, 

'·.· '-- .' I ·., 

/ 
I 

.5 
SCALE 1:24 000 

0 
MILES 

. 1 

11m 1000 3000 :--~ _ ::5000::e"""'"""'"'6000"" -===7000~:,,,.,==s;;8000E =====9000':i.·"""=="'1"""0 000 
FEET 

ROAD U'.GEND 

Improved Road .................................. , ... _ ............. _ 

Unimproved Road ................................................ . . 

Trail .................................. ............. ................ ....... _ _____ __ _ 

0 Interstate Route __ '. U.S . Route Q State Route 

CONTOUR INTERVAL 10 FEET 

1-18 

r--- - -
r--\ I 
\ WAS HINGTO,._ 

• 
'L_ _, .. 

SOURCE: USGS , 1986 
Locke Isla nd, WA 
46119-F4- TF- 024 

FIGURE 1-6. 100 H AREA 



--· .::-~ -· 

SCALE 1:24 000 
.5 0 

MILES 
1000 0 1000 2000 3000 4000 5000 6000 .~~.--

FEET 

ROAD LEGEND 

Improved Road ... .... ... ........ .. .. ..... .. ........ ....... ......... . 

Unimproved Road ......... ....... ............. .... .............. . 

Trail ... .......... ... .... .................................................. _ __ _ ___ _ . 1-19 

Q lntemate Route 
,--. 

U.S . Route Q State Route 

CONTOUR INTERVAL 10 FEET 

1009 

1 -

8000 9000 10 000 

, - -- - - , 
SOURCE: USGS, 198t 

\ WASltl'\G 1<1 '\ 

t . 
\.___ ---- -

FIGURE 1-7. 

Locke Island, ~IA 
46119-F 4-TFa0 24 

100 F AREA 



--- - ·,- · · r . -,,-~. 

:::. ..J.. - ' - ~ - - - - - - ..--=J. -
. ( 

_,..-
' I ,·' r ·-' , I ' __ ) 

__ , __ , ,.·. 

·-_-------'-734 

' / . :' ' 

SCALE 1:24 000 
.5 0 

MILES 
1000 0 1000 2000 3000 4000 5000 

FEET 

ROAD LEGEND 

Improved Road ..................................................... =~== 

Unimproved Road ..... .. ............................... ... .. ..... ~ = = = = = = , 

Trail ....... .. .. ... .................. .. ........ ............................ _ ___ ___ _ . 

Q Interstate Route 
-- 1 
_______:. U.S. Route 0 State Route 

CONTOUR INTERVAL 10 FEET 

6000 7000 IOOO 9000 

1-20 

FIGURE 1-8. 

~7 

10000 ... --

= · 

· .. 

SOURCE: USGS, 1986 
Gable Butte, WA 
46119-ES-TF-024 

200 EAST AREA 



' - ··- .. . - - ~ 

29 
SCALE 1:24 000 

.5 0 

MUS 
11111) 0 111111 2IDJ 30IID 4111)1) 

f&T 

ROAD U:GEND 

Improved Ro.d ..... ·-························-····--··-····· ~ ·= ~ 

Unlinproued Road··································-- ; .. = = • - - - . 

Trail ·-·---······-··········-·············································· - - -- - - - --

Q IIUntate Route C U.S. Route Q Stae Route 

CONTOUR INn:RVAL 10 FEET 

ml m, 

1-21 

m, - 1011111 \g SOURCE: USGS, 1986 
\ wAS .. NGTON Ri verl and, WA 
(___ • 46119-£6'-TF-024 and 

Gable Butte, WA 
------------ 46119-£5-TF-024 

FI_GURE 1-9. 200 WEST AREA 



......... .,,; .. . 

' , ____ ...,.,..... 
'0 1 - ;, _ 91 
I ._, / --

, J. ·-- 1-
:;. ( .·· D ··7 ~ --.. ;. : - ' ~ : 

, - /4) . Jesl=> 
/ " tY (? ~ell . , 

laF!dJna C, :' 

, .ru ' 
. I, • . 

- I 

,,. 
I :, 

l:> 
C ~ --" r ...... 

~ .., . 

C 
0 
Cl) 

C 
.r: 
0 --, '. -- ~~?f,> > 0 ~ ~ "' / :. 

"i7 ... 0 . . - ✓ - -

. ,,, · ,,,,,. -,-- ::... - , . ,,,/ ,/1 . ,.,, ... _ 4:.. cg .,~ : . ' 
. , ,.KJ . ~~ ,-~() .. 3 ·. ' ; -~ ~ ·~ ..,...l -; - . - . ---,·L I 
.,f;-:- J.)) .'-i, - • ..... ,•· .;, ,' , ,::::_, {/ 'ci - ~ •·, , ' · : , . I ,: 

-~- n ~('.. _ ... .. ~~~~' _ _ - ~~-" ~: · - '. _ ~~cti~;il _te ;' 
V • ,. • \J" • . , - [)ump,.,- -,·.,, • 

~~ a o -- .. ? 

I · - --~ ... , - ~ . (L ~ " 300,- ~r?="'~ 1 

·j~ I.,. • -~- <(/' ell , '$ Area ✓,~ • • , ill /Mile 
T Rad,oact:~ ilste c ~ , uby '·,,==;/ ,(: -._.,~ / '/-. 34!5 

•• ✓ , _._;._. J ~mp _ 0 11 _; C, _ . . ·, ,,_ ·, ~-. _ _ _;· •:, ~1:: 
:. I '-.,, o ! ... Test~ ,~~~-21', !'Tfit ~~~ i ~ - Test Well ,., · We/I ' H '. __ ~ ' ") ': I 

316 396 " ~ Ii ~.)~~...L~ . - - -~- \i I 
- + - - - - - - ' _ _;;-~~~~ -~~~'-~~: · - · --~·.t•i.~~ \ . \\, 10 I 

"'! °i: !_r:::~=:-- "; .fvest Wells \ 
~ • • "·• • I l \ J8,l \ 
t,... • l . • I • • 

i 1a.,. : .. - .-;.,a:~ \ I 

I 

I 
+ 
I 

• ·.11 ~ '.a =I- ~-\}· \ \ 
0 i~ .. j •·-.. \ \ j --. - - . ,~,::: \ \ \ 

I 

: Test We ll 

·J/J,l 

Weattier ,,.;" 
Sta'W 

? 

- +----------- - - ---- - -~ 

I: 0 • 1 1 I. ~ 1 
Mile 

. , .. , ~ ~ + 344 -~ -. 

h ]91 ?) /i -~t•~·\ \ \ \ \ 
Ii - />_v:7 1; Je,l I ·\ \ ' 
U O l.7'-' I \ , I '1, ,-✓; C O Li !· ~ \ •. _\, \ 

::\ ·" )Ye: ; \ \ 

.:.--· 

36 

·- t. -~ ----
. ;1'> I 
\~ '· o · i 

, r- ,. B~ 4 14 BM 

!~ \. "'-;✓;,,. ~ ~=-5('..-:9~ -

·,1 · :, Gravel 
.. P,t 

t 
' \ 

, \ 

Power 
l:•SJ 

'.'<. :-f ~ :_ ~ ~--~:a:e·I 

' ' 40 

"39 

"38°00mN 

46°22 ' 

•·37 

~ , -< ~ ,t ' '36 
'P' ' 

:~-::,\\_-----'rt --~·\ it 
. ' 31~ 

S 2 76 V SES . V 891 'i , .,/ 1. Te$tWe11s \ z-;:; ,_·_, iAM 1 I - er1es .. ✓- , .o, ~ L_::::...:~.:...:..:...:::..:.:~.:.::...:...:.:~..i.iJ:... ____ ..:,-:~--,;;;,;---..;.-...i.;;_l:';2~6°:oo:m~E----... --;-l~l 9° 15' 

Q\ 

'23 l 7' 30" '24 '25 

l 
2 

SCALE 1:24 000 
0 

1 ooo~:::E:1::1:ioc:::::===:1:Jooo~==~2000:i::=====3000:E=====4000:e=====5000:::e=====6000=====1::::iooo FEET 
CONTOUR INTERVAL 10 FEET 

ROAD CLASSIFICATION 

Pr ,mary h,gnv,a y 
hard surface 

Secondary highway . 
ha rd surface 

Interstate Route 

L,ght -duty road hard or 

improved surface ==== 1-22 

Unimproved road ------- - -

U S Route State Route FIGURE 1-10. 

• 

I MILE 

SOURCE: USGS, 1978 
Wooded Island, WA 
N4622.5-W11915/7.5 
and Richland, WA 
N4615-Wl 1915/7 .5 

300 AREA 



Draft September 3, 1987 

Although the quantity of chemicals disposed of in solid-waste disposal 
sites is unknown , it is estimated that the follow i ng contaminants and 
quantities were disposed of in liquid-waste disposal sites during routine 
plant operations : 

Quantity Quantity 
Contaminant (metric tons) (tons) 

Nitrate 63,000 69,445 
Phosphate 4,400 4,850 
Sulfate 3,000 3,307 
Nitrite 2,200 2,425 
Fluoride 970 1,069 
Organic carbon 760 837 
Chromium (VI) 260 287 

A variety of radionuclides are also stored or disposed of in both 
solid- and liquid-waste disposal sites . The most significant quantities 
(decayed to current values) of radionuclides include : 

Radionuclide 

239pu 
137cs 
90sr 

240pu 
238u 

Quantity 
(curies) 

29,900 
28,000 
23,700 
8,000 

200 

These inventories were obtained through a combination of records search 
and estimates based on intimate knowledge of the processes used . The 
uncertainty associated with these estimates is unknown but may be 
significant. 

Very little direct evidence exists to indicate if inactive waste sites 
have contaminated groundwater or surface waters. Application in Phase I of 
EPA's Hazard Ranking System (HRS) and the DOE ' s modified Hazard Ranking 
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System (mHRS) to Hanford's 337 inactive waste-disposal sites resulted in 81 
sites receiving scores greater than 28.5 and 256 sites with scores less than 
28.5. (The score of 28.5 out of a possible 100 is an arbitrary cutoff 
established by EPA as the point at which further action for potential CERCLA 
sites may be required . ) The 81 Hanford inactive waste-disposal sites 
ranking greater than 28.5 will all be characterized. The sites had all 
received liquids containing radionuclides and/or chemicals. They were ranked 
high because they were suspected of having had releases to ground water and 
surface waters in the past. Most of these sites were designed and first 
operated in the 1940s and 1950s . Most of the sites received and transferred 
to the soil column large volumes of liquid waste. 

The principal concern in the 100 area is the remobilization of cobalt-
60 in the sediments of the Columbia River; and the movement of chromium, 
diodine-129, cobalt-60, and strontium-90 through the groundwater into the 
surface water of the Columbia River. In the 200 area, there are observed 
elevations of nitrates, tritium, iodine-129, carbon tetrachloride, cyanide, 
and uranium. In the 300 area, the observed releases of uranium, chromium, 
fluoride, TCE, and 1-2-DCE to groundwater, as well as release of copper to 
surface water, are of concern. Each of the areas within the Hanford 
Reservation is described below: 

The nine 100 Areas (8, C, D, DR, KE, KW, F, H, N) border the Columbia 
River in the northern most part of the Hanford Site. Each of the nine areas 
has one production reactor. Eight of these reactors have been shut down; 
only the N Reactor, used for both plutonium and electricity production, is 
still operating. Because some of t~e areas are contiguous (B/C, D/DR, 
KE/KW), the Hanford Site map shows only six 100 Areas (Figure 1-11). 

The 100 Areas are generally flat with no major surface features. The 
Hanford Formation lies near the surface of the 100 Areas, covered by a thin 
layer of wind-deposited silt and fine sand. The water table is found in 
these sediments at a depth of about 20 meters (66ft), except in the F and H 
Areas where the depth to the water table is about 35 meters (115 ft) and 40 
meters (131 ft}, respectively. The depth to the Ringold Formation is about 
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25 meters (82 ft); the top of the basalt bedrock is approximately 240 
meters (790 ft) below the surface . 

Because the water table occurs within the highly permeable sandy 
gravels of the Hanford Formation, it fluctuates as the river level rises and 
falls. The ground water generally flows from the 100 Areas and toward the 
river . When active, each of the 100 Areas included support facilities such 
as powerhouses. Except for 100-N, these powerhouses produced process steam 
from coal-fired boilers; 100-N has oil-fired boilers. Adjacent to each 
area's powerhouse were large storage areas that received railroad carloads of 
coal and disposal areas for flyash/clinker disposal. Most areas also 
included water-treatment plants, water-storage tanks, subsurface sewage
disposal systems, raw-water intake structures, and process sewers. 

Band C Areas. The Band C reactors are located adjacent to each other on a 
2.6-square-kilometer (650-acre) site (9the 100 B/C Area) and are the 
farthest upstream of the 100 Areas . The 8 Reactor was operated from 1944 to 
1968 , and the C Reactor was operated from 1952 to 1969. Virtually all the 
facilities in the area are inactive, with the exception of the B/C export 
water system, which continues to provide the raw water supply to the 200 
Area and some 100 Areas . An electrical substation in the area taps power 
for the pumps providing the 200-Area water. 

Four CERCLA sites are located on the 100 8/C Area . These sites are 
116-B-1, 116-C-l, 116-8-4, and 116-C-2. 116-8-1 and 116-C-l are trenches. 
116-B-4 is a French Drain and 116-C-2 is a crib . All facilities are no 
longer in use and are considered inactive. See Figure 1-12 for location of 
the 100 B/C area building, facilities , railroads, etc. 

The 650 acres of 100 8/C area are situated farthest upstream of the 100 
facilities along the Columbia River. 

D and DR Areas. The 100-D/DR Areas, covering about 3.9 square kilometers 
(970 acres), are located 11 kilometers (7 mi) downriver of the 100-B/C Area . 
The D Reactor was operated from 1944 to 1967 and the DR Reactor from 1950 to 
1965. These areas are extensively used, and their utilities and services 
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are still in operation. The electrical substation serves as a backup supply 
for the 100-N Area. The water system is a backup system for the 100-8 water 
system, which supplies water to the 200 Areas. The UNC Nuclear Industries 
engineering laboratory here is operated in support of the N Reactor. 

CERCLA sites within the 100 0/DR area include: 116-DR-l (trench), 116-
DR-2 (trench), 116-0-18 (trench), 116-DR-6 (trench), and 116-DR-7 (crib) 
(see Figure 1-13 for site location). 

F Area. The 100-F Area is located about 10.4 kilometers (6.4 mi) downriver 
of the 100-0/DR Reactors and is the 100 Area closest to Richland. This area 
covers about 2.2 square kilometers (540 acres). The F Reactor was operated 
from 1945 to 1965. At one time, the Pacific Northwest Laboratory (PNL) 
operated a biology laboratory in this area to study the effects of inhaled 
and ingested radioactive and toxic materials on animals. Except for the 
reactor and reactor support facilities, the site has been decommissioned. 

The 100-F area has six CERCLA sites located on it. These six sites 
include 116-F-l, 116-F-2, 116-F-3, 116-F-6, 116-F-9, and 116-F-10 trenches. 
See Figure 1-14 for the location of 100-F area buildings, and facilities. 

H Area. The 100-H Area is located about 5.2 kilometers (3.2 mi) downriver 
of the 100-0/DR Areas and covers about 1.3 square kilometers (320 acres). 
Very little activity continues in this area. Several major buildings, 
including the powerhouse, stacks, and some of the water treatment buildings 
have been removed. The H Reactor was operated between 1945 and 1965. 

Located on the 100-H area are three CERCLA sites. These sites are 116-
H-l, 116-H-2, and 116-H-3. 116-H-l and 116-H-2 are trenches and 116-H-3 is 
a French Drain. See Figure 1-15 for location of 100-H area facilities. 

K Area. The 100-KE/KW Areas, covering about 0.6 square kilometers (150 
acres), are almost 4 kilometers (2.5 mi) downriver of the 100-8/C complex 
and contain two shutdown reactors. These reactors were operated between 
1955 and 1971. 
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Considerable use is made of the shutdown 100-KE/KW Areas. For example, 
spent fuel from the N Reactor is stored there. All services and utilities 
except the power house are in operation. The Decommissioning Services 
Section of UNC Nuclear Industries also operates from offices and 
laboratories in this area. UNC Nuclear Industries operates a research and 
development laboratory in this area; the Fuel Operations Section of UNC has 
personnel stationed at the K Area to operate the KE and KW fuel-storage 
basins. See Figure 1-16 for 100-KE/KW site locations. 

In the approximate middle of the Hanford Site, on a plateau about 11 
kilometers (7 mi) from the Columbia River, are the two 200 Areas (200-
East and 200-West), dedicated to chemical separations and waste management. 
Irradiated fuel, waste-processing,and waste-storage activities are located in 
these two areas because they are the most isolated from the Site boundaries 
and are the farthest from both surface and ground water. The water table in 
this area is 46 to 911 meters (150 to 300 ft) below the surface. 

The 200-Area plateau is a glacial, fluvial gravel bar. A thin surface 
layer of wind-blown silts and sands covers the well-sorted, coarse sands 
that comprise the Hanford Formation sediments. 

The 200 Areas contain nonradioactive support facilities,including 
transportation maintenance buildings, service stations,and coal-fired 
powerhouses (with baghouses for airstream cleanup) for process steam 
production, steam transmission lines, raw-water treatment plants, water
storage tanks, electrical maintenance facilities,and subsurface sewage 
disposal systems . In short, the 200 Areas are almost cities to themselves 
in that they have most of the utilities necessary to be self supporting. 

Located on the 200 East Area are 26 inactive CERCLA sites, which can be 
* grouped into fourteen units for characterization (see Table 1-1). The 

units are groupings of sites that have the following: 

* Further discussion of the characterization will be discussed in 
Section 2.4. 
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TMLE 1-1. LIST OF CfJUA SITES IN TI£ 200 fAST AAf.A 

USE QA.TES 
SUBA.REA t-0. It-W:TIVE SITES DISFOSAL f,£1l-ID WASTE lYPE Ff01 

I 216-B-43 Crib T/SW 11/54 
216-B-44 Crib T/SW 12/54 
216-B-45 Crib T/SW 4/55 
216-B-46 Crib T/SW 9/55 
216-B-48 Crib T/SW 11/55 
216-B-49 Crib T/S1il 11/55 
216-B-50 Crib T/S1il 1/65 

II 216-B-7A & B Crib T/S1il 9/46 
III 216-B-2-2 Ditch SC & CW 11/63 
IV 216-B-5 Reverse Well T/S1il 4/45 
V 216-B-10-A Crib ™ 12/49 

216-B-6 Reverse Well ™ 4/45 
VI 216-C-1 Crib ~ 1/53 

216-C-10 Crib ~ 11/64 
VII 216-B-16 Crib T/S1il 4/56 
VIII 216-A-40 Trench SC & CW 1/68 
IX 216-A-24 Crib T/S1il 5/58 
X 216-A-9 Crib ™ 3/56 
XI 216-A-7 Crib f1..W 11/55 
XII 216-A-28 French Drain f1..W 12/58 
XIII 216-A-4 Crib f1..W 12/55 

216-A-5 Crib ~ 11/55 
216-A-21 Crib ~ 11/57 
216-A-27 Crib tt.W 6/65 
216-A-36«\ Crib tt.W 9/65 

XIV 216-A-6 Crib tt.W 11/55 

Notes: 

(From potentially least hazardous to potentially most hazardous} 

SC & CW - Steam Condensate and Cooling Water 
PC - Process Condensate 
MLW - Miscellaneous Liquid Waste 
PW - Process Waste 
T/SW - Tank and Scavenged Waste 
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11/54 
3/55 
6/55 

12/55 
7/57 

12/55 
1/79 
5/66 
5/70 

10/47 
1/52 

12/49 
6/57 

10/69 
8/56 
5/79 
1/66 
8/69 

11/66 
11/67 
12/58 
11/61 
6/65 
7/70 
3/66 
1/70 
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o similar or identi~al waste types 
o close proximity to each other 
o similar sources of wastes. 

The 200 East Area is located in a controlled area of approximately 8.4 
sq. km (3.2 sq. mi.). It is about 6.2 miles from the Columbia River and 11 
miles from the nearest Hanford Reservation boundary. It is located on a 
plateau approximately 1.8 miles southwest of Gable Mountains. 

The historical operations in the 200 East Area included chemical 
separation and waste management. Irradiated fuel, waste processing, and 
waste storage activities are located in this area, due to its far distance 
from both surface and ground waters. The plants in the 200 East Area were 
first constructed in 1943 and are presently active. See Figure 1-17 for 
site locations in the 200 East area. 

The 200 West Area has a total of 27 CERCLA sites divided into 15 units. 
The sites/units are listed in Table 1-2. These sites are no longer 
operating and are therefore considered "inactive." 

The 200 West Area is located in the middle of the Hanford Site, on a 
plateau about 11 kilometers (7mi.) from the Columbia River. 

The 200 West Area was dedicated to chemical separations and waste 
management. Irradiated fuel, waste-processing, and waste-storage activities 
are located in this area because of the isolation from the site boundaries 
and because it is the farthest from both surface and ground-water. 

The 200 West Area is a controlled area of approximately 8.2 square 
kiometers (3.2 sq. mi.); it is about 8 kilometers (5 mi.) from the Columbia 
River and 11 kilometers (6.8 mi.) from the nearest site boundary. In the 
early 1980's, it was expanded to the west to add land for future burial 
grounds . There are no naturally occurring surface water bodies within the 
wpp West Area; however, process cooling water and aqueous waste are 
discharged to surface impoundments, creating several artificial ponds within 
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TABLE 1-2. LIST OF CERCLA SITES IN THE 200 WEST AREA 

Units No . Inactive Disposal Waste Type Use Dates 
Sites Method From To 

I 216-S-5 Crib SC & CW 3/54 3/57 
216-S-6 Crib SC & CW 11/54 7/72 
216-S-17 Pond SC & CW 10/51 4/54 
216-S-16P Pond SC & CW 1/57 2/75 
216-S-16D Ditch SC & CW 1/57 2/75 

---- -- -- ----- --- --- ---- -- ---------- ----------- --- --- ----- ------ -- ------ --- -
II 

I II 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XI I 

XII I 

XIV 

xv 

216-S-1&2 
216-S-7 
216-S-3 
216-S-9 

216-S-20 

216 -S-4 
216-S-21 

216-U-11 

216-U-3 

216-Z-1&2 

216-U-1&2 

216-U-4 
216-U-4A 
216-U-4B 

216-Z-7 
216-Z-10 

216-T-19 

216 -T-7 

216-T-28 

216-T-3 

216-T-2 
216-T-8 

Crib 
Crib 
French Drain 
Crib 

Crib 

French Drain 
Crib 

Ditch 

French Drain 

Cr i b 

Crib 

Reverse Well 
French Drain 
French Drain 

Crib 
Reverse Well 

Crib and Tile 
Field 

Crib and Tile 
Field 

Crib 

Reverse Well 

Reverse Well 
Crib 

PC 
PC 
SC & CW 
PC 

PW 

SC & CW 
PC 

PW 

T/SW 

PW 

MLW 

PW 
PW 
PW 

PW 
PW 

PC 

T/SW 

PW 

MLW 

PW 
PW 

1/52 
1/56 
9/53 
7/65 

1/52 

8/53 
4/54 

4/44 

5/54 

6/49 

3/52 

3/47 
7/55 
1/60 

2/47 
2/45 

9/51 

1/56 
7/65 
8/56 
1/69 

5/73 

8/56 
2/69 

1957 

8/55 

4/69 

5/67 

7 /55 
7/70 
7/70 

2/67 
6/45 

7/80 

7/78 11/55 

2/60 12/66 

6/45 

1/45 
5/50 

8/46 

5/50 
9/51 

NOTES: (from potentially least hazardous to potentially most hazardous) 
SC & CW = Steam Condensate and Cooling Water 
PC = Process Condensate 
MLW = Miscellaneous Liquid Waste 
PW = Process Waste 
T/SW = Tank and Scavenged Waste 
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or adjacent to the area . See Figure 1-18 for site locations i n the 200 We st 
area . 

The 300 Area is located about 1.6 kilometers (1 mi) north of the 
Richland city l imits , on the bank of the Columbia River. Roughly 
rectangular i n shape , the area covers about 1.5 square kilometers (370 
acres); waste-management fac i lities have been added just to the north of 
the 300 Area . 

Occupying a relatively flat area on the west bank of the Columbia 
River, the area has an elevation that is about 15 meters (50 ft) above the 
average elevation of the adjacent river . The Hanford Site land surface 
surrounding the 300 Area is devoid of prominent surface features and slopes 
gently upward to the northwest . 

The surface sediments in the 300 Area are largely wind-transported 
sands and silts. These sediments , which were deposited in dunes up to about 
3 meters(9 .8 ft) in depth, have been largely stabilized by vegetation. 
Below this layer lie 20 to 25 meters (66 to 82 ft) of coarse-grained 
glaciofluvial deposits known as the Pasco Gravels; the permeability of 
these deposits is very high . 

The high porosity and permeability of the sands and gravels that 
underlie the the area allow any precipitation to infiltrate rapidly. 
Flooding of any portion of the 300 Area by rainwater is therefore highly 
improbable. There are no natural streams or watercourses other than the 
Columbia River within or adjacent to the 300 Area. 

The residence nearest the 300 Area is approximately 1.5 kilometers (0 .9 
mi) east across the Columbia River. A number of irrigated farms are located 
just across the river from the 300 Area. The northern part of Richland , 
lying within about 4 kilometers (2.5 mi) of the 300 Area, is an industrial 
park . The nearest residences in Richland are about 4.6 kilometers (2.9 mi) 
from the 300-Area boundary. The nearest city water intake is the Richland 
pumping station, 6 kilometers (3.7 mi) downstream from the 300 Area. 
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The sites within the 300 area include: 316-1 (Pond), 316-2 (Pond), 
316-3 (Trench), 316-4 (Crib). See Figure 1-19 for the location of site 
316-1 in the 300 area. Because of the location of the sites, they could not 
be grouped for characterization or remediation. 

The 400 Area is a controlled area of about 0.5 square kilometer (130 
acres) located in the southeast part of the Hanford Site; it is 
approximately 7.2 kilometers (4.5 mi) from the Columbia River and 6.2 
kilometers (3.9 mi) from the nearest Site boundary. 

The area is located at an elevation of about 170 meters (558 ft) above 
MSL. The land around the site slopes gently away to the south and east 
toward the Columbia and Yakima rivers. The site is devoid of prominent 
topographic features. 

The glaciofluvial deposits upon which the 400 Area is located extend 
from the surface to a depth of about 45 meters (148 ft). The surface 
sediments are coarse sands merging into the coarse Pasco gravels. The water 
table beneath the 400 Area is in the upper part of the Ringold Formation, at a 
depth of about 50 meters (164 ft). 

The ground water moves from west to east toward the Columbia River. A 
small amount of ground water is withdrawn from the unconfined aquifer for 
sanitary use and air conditioning, but the effect on ground-water level is 
not significant. 

The residence nearest to the 400 Area is approximately 8 kilometers (5 
mi) to the southwest. The Richland city limits are about 11 kilometers (6.9 
mi) to the southeast. 

The 600 Area includes all of the Hanford Site not occupied by the 100, 
200, 300, or 400 Areas. Land within the 600 Area is used for: 

o The Arid Lands Ecology (ALE) Reserve, a 310-square-kilometer (120-
sq-mi) tract set aside for ecological studies 
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o A 4-square-kilometer (990-acre) tract leased to the State of 
Washington, part of which is used for low-level waste disposal 

o A 4.4-square-kilometer (1,100-acre) tract for WNP nuclear power 
plants 

o A 2.6-square-kilometer (640-acre) tract transferred to the State 
of Washington as a potential site for the disposal of 
nonradioactive hazardous wastes 

o About 130 square kilometers (50 sq mi) under permit to U.S. Fish 
and Wildlife Service 

o A 225-square-kilometer (87-sq-mi) tract under permit to Washington 
State Department of Game for recreational game management 

o Support facilities for the controlled-access areas 

o The Near-Surface Test Facility in Gable Mountain, which is part of 
the Basalt Waste Isolation Project (BWIP) to assess the 
feasibility of storing high-level radioactive waste in basalt 
formations 

o A 46.7-square-kilometer (18-sq-mi) tract for the reference 
repository location for the Basalt Waste Isolation Project (BWIP). 
This site includes all of the 200-West Area (U.S. DOE 1982, 1984). 
The site of the principal borehole and exploratory shaft for the 
BWIP covers about 1 square kilometer (250 acres) and is located 
just west of the 200-West Area within the reference repository 
location. See Figure 1-20 for the 600 area map. 

Although they are not of significance for this study, other Hanford 
areas are in the downtown Richland area, where federal and contractor 
employees work in the Federal Building and several others (700 Area), the 
area south of the 300 Area primarily used for research and development (3000 
Area), and the area between the 700 and 3000 Areas that is the main 
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shipping, rece1v1ng, warehousing, transportation, maintenance, utilities, 
and service station area (1100 Area). These areas include small oil-fired 
boilers for space heating. 

1.2 SUMMARY 

Each of the individual CERCLA sites and each type of RCRA 3004(u) site 
was evaluated to identify the types of data that might be required for 
characterization (remedial investigation) or remediation . The data needs 
were identified for each site or type of site, and a plan for characterizing 
the site was prepared. This plan was then used to develop a summary of the 
potential cost and possible schedule for characterizing and remediating each 
site. 

Table 1-2 presents a summary of the costs anticipated for 
characterizing each of the 81 CERCLA sites. On an individual site basis, 
the costs range from a low $3.2 million to a high of $7.7 million.* 
Similarly, the costs for the sampling and analysis required of RCRA 3004(u) 
sites ranges from a low of $23,000 for a generalized Hanford underground 
tank to a high of $8.6 million for a generalized Hanford ditch .** In many 
cases, the costs for characterizing adjacent sites can be materially reduced 
by treating these sites as a group rather than treating each site 
individually. Costs reductions of up to 85% have been identified by grouping 
of these sites. A more detailed discussion of the grouping of sites can be 
found in Section 4.0 of this report. 

Although the remedial technology for each site can not be determined at 
this time, some estimate can be made of the probable range of costs for each 
CERCLA site and each type of RCRA 3004(u) site. Table 1-3 presents the range 
of costs for CERCLA sites evaluated in this study. As may be seen, the lest 
cost alternative is nearly always the capping of the site with some type of 
surface barrier. The most expensive alternative is nearly always some type 

* See Table 2-23 
** See Tables 3-35 and 3-36 
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TABLE 1-2. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY AREA* 

*--------------------------------------------------------------------------------------------* 
PattlNay 

*--------------------------------------------------------------------------------
Sources Surface 

Ground.-iater1 Surface 
Water/ 

Sedirrents 

Source 
Total 
Cost** 

Area 100 

Geophysics/ 
Soil Gas 

$1,459,600 $55,813,550 

Vadose 
Zone 

$22,018,050 $1,372,8)) $81,544,000 

----------- ----------------- ----------------- ----------------- ------------- ------------

Area 200 

Area 300 

E $ 866,8)) 
W $2,372,900 

$3,239,700 

$471,600 

$41,622,400 
$50,282,400 
$91,904,8)) 

$3,174,8)) 

$59,819,100 
$61,855,000 

$121,674,100 

$2,195,100 

$810,400 
$654,000 

$1,464,400 

$187,200 

$219,443,000 

$6,148,700 

$307,135,700 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5) . Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square are specified in Table 2-14. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 

1Assumes each site is evaluated separately. See Table 2-23 for detailed 
evaluation by site or group of sites. 
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TABLE 1-3 . COST OF REMEDIAL TECHNOLOGIES IN MILLIONS OF DOLLARS FOR SEVERAL TYPES OF DISPOSAL UNITS 

REMEDIAL TECHNOLOGY 

Excavation with Soi 1 Flushing Soi 1 Flushing 
Type of Disposal Grout - in- In-situ Excavation Incineration after after 

Unit Cap/Cover Place Vitrification with Disposal and Di sposa 1 Soil Flushing Excavation Vitri ficati on No Act i on 

Cribs (min) 2.3 13 28 79 150 28 23 22 6.1 
(Aug) 2.4 47 63 120 210 58 44 36 6. 1 
(max) 2.7 150 140 220 420 180 60 63 6.1 

Ditch (min) 6.7 230 1,200 280 220 6.1 
(Aug) 7.9 230 1.200 280 220 6.1 
(max) 9.2 230 1,200 280 220 6.1 

Drywe 11 (min) 2.3 79 6.1 
(Aug) 2.3 79 6.1 
(max) 2.3 79 6.1 .... 

I 
~ French (min) 2.2 10 29 62 190 30 22 23 6.1 °' (Aug) 2.2 20 45 69 190 30 22 23 6.1 

(max) 2.2 32 61 100 190 30 22 23 6.1 

Pond (min) 6.0 42 250 1.300 33 300 6.1 
(Aug) 7.6 200 300 1.400 270 330 6.1 
(max) 12.0 510 350 1,500 540 360 6.1 

Reverse (min) 2.2 19 22 6.1 
Well (Aug) 2. 2 19 23 6.1 

(max) 2.2 19 24 6.1 

Trench (min) 2.3 15 68 92 8 6.1 
(Aug) 3.3 29 86 330 21 6.1 
(max) 7.4 93 130 1,200 74 6.1 
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of removal such as excavation and disposal. More detailed evaluation of 
each site as a part of the Remedial Investigation/Feasibility Study will be 
required to refine the cost estimates and provide the information required 
by EPA and State of Washington Regulations for use in select i on of a remedial 
technology. 

The schedule for the characterization of the sites indicates that the 
CERCLA sites will take approximately ten years to complete characterization. 
RCRA sites could take an additional 15 years. Remediation of the sites 
could take more than fifty years if all sites are remediated (assuming a 
budget cap of $100 million per year). 
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Draft September 3, 1987 

2.0 SUMMARY OF CERCLA SITES 

The Draft Phase I Installation Assessment of Inactive Waste -Disposal 
Sites at Hanford, July 1986, Volumes 1 and 2, was the primary source of 
information used for the summary descriptions of the CERCLA sites. This 
information is presented in Tables 2-1 through 2-6. Table 2-3 combines 
sources of information from Volume 1 (as referenced on the table itself), 
that described the 81 CERCLA sites and indicates the subarea each site is 
located in, the method of disposal (unit type) and the waste disposed of at 
each site. From Table 2-3, Tables 2-1 and 2-2 were derived. Table 2-1 
breaks the 81 sites into the number of sites located in each area and 
subarea. Table 2-2 gives the number of each unit type used in a subarea . 
Tables 2-4, 2-5 and 2-6 are sorts of Table 2-3 . Table 2-3 has the sites 
listed with the site numbers in ascending order. Table 2-4 orders the sites 
by area. Tables 2-5 and 2-6 are ordered by unit type and waste disposed 
respectively. 

Table 2-1 indicates that 65% of the CERCLA sites are located in the 200 
area, 29% in the 100 area and 4% in the 300 area. Table 2-2 lists dry wells 
as a unit t~pe while Volume 1 describes dry wells as monitoring measures of 
l iquid releases in the vadose zone . Reverse wells are described in Volume 1 

as being used at earlier sites but eventually discontinued when it was found 
that they released liquid wastes too close to the water table . It appears 
that reverse wells were used at sites that were in operation before the 
1950's and that dry wells replaced reverse wells at later sites . 

2.1 DETERMINING THE NEED FOR REMEDIATION 

As will be noted in the sections which follow, the criteria presented 
are derived from a review of the federal and state regulations and DOE 
Orders which apply to the sites. These are known as the applicable relevant 
and appropriate regulations (ARARs). 
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TABLE 2-1. BREAKDOWN OF CERCLA SITES AT ROCKWELL HANFORD OPERATIONS BY AREA 
AND SUBAREA. 

Area Subarea 

100 100-KE/KW 
100-B/C 
100-D/DR 
100-F 
100-H 

Total 

200 200 East 
200 West 

Total 

300 Total 

2-2 

No. of CERCLA 
Sites 

7 
4 

5 
6 
3 

25 

26 
27 

53 

3 
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TABLE 2-2. BREAKDOWN OF THE UNIT TYPE USED AT CERCLA SITES AT THE ROCKWELL 
HANFORD OPERATIONS BY AREA AND SUBAREA. 

100-KE/KW Subarea 
2 Dry Wells 
2 Cribs 
2 French Drains 

100-B/C Subarea 
1 French Drain 
1 Crib 
2 Trenches 

100-D/DR Subarea 
1 Crib 
4 Trenches 

100-F Subarea 
5 Trenches 
1 French Drain 

100-H Subarea 
1 French Dra,n 
2 Trenches 

200 East Subarea 
1 French Drain 
21 Cribs 
2 Reverse Wells 
1 Trench 
1 Ditch 

200 West Subarea 
2 Ditches 
5 French Drains 
12 Cribs 
4 Reverse Wells 
2 Crib and Tile Fields 
2 Ponds 

300 Area 
1 Trench 
2 Ponds 
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TABLE 2-3. HANFORD INACTIVE WASTE SITES SORTED BY SITE ID. 

81 Priori~y Sites Reco11111ended for Characterization. 

Site No. (1) Area (12) Unit Type (12) Waste Oi.sposed 
------ ------------------------------- --- ------------------------------------------
100 KE*l 
100 KE*2 
100 KW*l 
100 KW'l\'2 
116-8-1 
116-8-4 
116-C-l 
116-C-2 
116-0R-l 
116-0R-2 
116-DR-6 
116-DR-7 
116-0-18 
116-F-l 
116-F-10 
116-F-2 
116-F-3 
116-F-6 
116-F-9 
116-H-l 
116-H-2 
116-H-3 
116-KE-2 
116-K-l 
116-K-2 
216-A-21 
216-A-24 
216-A-27 
216-A-28 
216-A-36A 
216-A-4 
216-A-40 
216-A-5 
216-A-6 
216-A-7 
216-A-9 
216-8-lOA 
216-8-16 
216-8-2-2 
216-B-43 
216-8-44 
216-8-45 
216-B-46 

100-KE/KW 
100-KE/KW 
100-KE/KW 
100-KE/KW . 
100-B/C 
100-B/C 
100-B/C 
100-B/C 
100-0/DR 
100-0/DR 
100-D/DR 
100-D/DR 
100-D/DR 
100-F 
100-F 
100-F 
100-F 
100-F 
100-F 
100-H 
100-H 
100-H 

100-KE/KW 
100-KE/KW 
100-KE/KW 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 

Dry Well (11&12) 
French Drain (12) 

Dry Well (11&12) 
French Dr~in (12) 

Trench 
French Drain 

Trench 
Crib 

Trench 
Trench 
Trench 
Crib 

Trench 
Trench 

French Drain 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 

French Drain 
·crib 
Crib 

Trench 
Crib (11&12) 
Crib (12) 

Crib (11&12) 
French Drain 

Crib 
Crib (11&12) 

Trench 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 

Crib 
Crib (12) 

Ditch . 
Crib 

Crib (12) 
Crib (12) 
Crib (12) 

2-4 

Misc. (2) 
Misc. (2) 
Misc. (2) 
Misc. (2) 

Reactor coolant (a) (2) 
Decontamination Waste (2) 

RC (a) ( 2) 
Ruptured Fuel Effluent (2) 

RC (2) 
RC (2) 
RC (2) 

Misc. (2) 
ow (2) 
ow (2) 
RC (2) 
RFE (2) 
RFE (2) 
RC (2) 

Misc (2) 
RFE (2) 
RC (2) 
ow (2) 

Misc. (2) 
RC (2) 

Misc. Liquid Waste (3) 
PW (3) 

Tank/Scavenged Waste (3) 
MLW (3) 
MLW (3) 
MLW (3) 
MLW (3) 

Steam Condensate, Cooling Water (3) 
Process Condensate (3) 

MLW (3) 
MLW (3) 

Process Waste (3) 
PW (4) 

T/SW (4) 
Steam Condensate, Cooling Water (4) 

T/SW (4) 
T/SW (4) 
T/SW (4) 
T/SW (4) 



TABLE 2-3. HANFORD INACTIVE WASTE SITES SORTED BY SITE ID. 
(Continued) 

81 Priority Sites Reconmended for Characterization. 

Site No. (1) Area (12) 

216-B-48 
216-B-49 
216-B-5 
216-B-50 
216-B-6 
216-B-7 A&B 
216-C-l 
216-C-10 
216-S-16D 
216-S-16P 
216-S-17 
216-S-1&2 
216-S-20 
216-S-21 
216-S-3 
216-S-4 
216-S-5 
216-S-6 
216-S-7 
216-S-9 
216-T-19 
216-T-2 
216-T-28 
216-T-3 
216-T-7 
216-T-8 
216-U-ll 
216-U-1&2 
216-U-3 
216-U-4 
216-U-4A 
216-U-4B 
216-Z-10 
216-Z-1&2 
216-Z-7 
316-1 
316-2 
316-3 

200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
300 Area 
300 Area 
300 Area 

Unit Type (12) 

Crib (12) 
Crib (12) 

Reverse Well 
Crib (12) 

Reverse Well 
Crib 
Crib 
Crib 

Ditch 
Pond 
Pond 
Crib 
Crib 
Crib 

French Drain 
French Drain 

Crib · 
Crib 
Crib 
Crib 

Crib & Tile Field 
Reverse Well 

Crib 
Reverse Well 

Crib & Tile Field 
Crib 

Ditch, 1 

Crib 
French Drai.n · 

Reverse Well (11&12) 
French Drain (11&12) 
French Drain (11&12) 

Reverse Well 
Crib 
Crib 

Pond (11&12) 
Pond (11&12) 

Trench 

Waste Disposed 

T/SW (4) 
T/SW (4) 
T/SW (4) 
T/SW (4) 

PW (4) 
T/SW (4) 

PC (5) 
PC (5) 

Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 

PC (6) 
PW (6) 
PC (6) 

Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 

PC (6) 
PC (6) 
PC (7) 
PW (7) 
PW (7) 
MLW (7) 

T/SW ( 7) 
PW (7) 
PW (8) 
HLW (8) 

T/SW (8) 
PW (8) 
PW (8) 
PW (8) 
PW (9) 
PW (9) 
PW (9) 

PW and lab Wastes (10) 
PW and Lab Wastes (10) 
PW and Lab Wastes (10) 

References used in columns are given at the top of the column headi~gs. The 
reference used in Unit Type is given at the column heading unless 
additional or different sources are listed in parenthesis for for a given 

., site. References used for Waste Disposed are given in parenthesis for a 
site. 
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TABLE 2-4. HANFORD INACTIVE WASTE SITES SORTED BY AREA. 

81 Priority Sites Recolltilended for Characterization. 

---- ------------------------------------------------------------------------------ ----
Area (12) Site No . (1) Unit Type (12) Waste Dl sposed 
------------------------------------------------------------------------------ ----- ---
100-B/C 
100-B/C 
100-B/C 
100-B/C 
100-0/DR 
100-D/DR 
100-D/DR 
100-D/DR 
100-D/DR 
100-F 
100-F 
100-F 
100-F 
100-F 
100-F 
100-H 
100-H 
100-H 
100-KE/KW 
100-KE/KW 
100-KE/KW 
100-KE/KW 
100-KE/KW 
100-KE/KW 
100-KE/KW 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 

116-B-4 
116-B-1 
116-C-2 
116-C-1 
116-DR-2 
116-DR-7 
116-DR-6 
116-D-1B 
116-DR- l 
116-F-l 
116-F-9 
116-F-2 
116-F-3 
116-F-6 
116-F-10 
116-H-l 
116-H-3 
116-H-2 
100 KW*2 
116-KE-2 
116-K-l 
100 KE*l 
100 KW*l 

100 KE*2 
116-K-2 
216-B-44 
216-B-43 
216-A-24 
216-A-21 
216-A-28 
216-B-45 
216-A-4 
216-B-46 
216-A-5 
216-B-48 
216-A-7 
216-B-49 
216-B-l0A 
216-8-5 
216-8-2-2 
216-8-50 
216-A-36A 
216-B-6 
216-A-6 
216-B-7 A&B 
216-B-16 

French Drain 
Trench 
Crib 

Trench 
Trench 
Crib 

Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 

French Drain 
Trench 

French Drain 
Trench 

French Drain (12) 
Crib 
Crib 

Dry Well (11&12) 
Dry Well (11&12) 
French Drain (12) 

Trench 
Crib (12) 

Crib 
Crib (12) 

Crib (11&12) 
French Drain 

Crib (12) 
Crib ( 11&12) 

Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 

Crib 
Reverse Well 

Ditch 
Crib (12) 

Crib 
Reverse Well 

Crib (12) 
Crib 

Crib (12) 

2-6 

Decontamination Waste (2) 
Reactor coolant (a) (2) 

Ruptured Fuel Effluent (2) 
RC ( a) ( 2) 

RC (2) 
Misc. (2) 

RC (2) 
DW (2) 
RC (2) 
ow (2) 

Misc (2) 
RFE (2) 
RFE (2) 
RC (2) 
RC (2) 
RFE (2) 
DW (2) 
RC (2) 

Misc. (2) 
Misc. (2) 

RC (2) 
Misc. (2) 
Misc. (2) 
Misc. (2) 

Misc. Liquid Waste (3) 
T/SW (4) 
T/SW (4) 

Tank/Scavenged Waste (3) 
PW (3) 

MLW (3) 
T/SW (4) 

MLW (3) 
T/SW (4) 

Process Condensate (3) 
T/SW (4) 

MLW (3) 
T/SW (4) 
PW (4) 
T/SW (4) 

Steam Condensate, Cooling Water (4) 
T/SW (4) 

MLW (3) 
PW (4) 

MLW (3) 
T/SW (4) 
T/SW (4) 
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TABLE 2-4. HANFORD INACTIVE WASTE SITES SORTED BY AREA. 
{Continued) 

81 Priority Sites Reconmended for Characterization. 
------------------------------------------------- ---------------------- ------------ ---

Area {12) Site No. (1) Uni t Type (12) Waste Disposed 
--------------------------------------------------------- --------------------------- --
200 East 
200 East 
200 East 
200 East 
200 East 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
300 Area 
300 Area 
300 Area 

216-C-l 
216-A-40 
216-A-27 
216-A-9 
216-C-10 
216-S-17 
216-T-3 
216-T-7 
216-S-160 
216-T-8 
216-S-20 
216-U-ll 
216-S-3 
216-U-1&2 
216-S-5 
216-U -3 
216-S-7 
216-U-4 
216-T-19 
216-U-4A 
216-T-28 
216-U-4B 
216-S-1&2 
216-..Z-10 
216-S-4 
216-Z-1&2 
216-S-9 
216-Z-7 
216-S-16P 
216-S-6 
216-T-2 
216-S-21 
316-1 
316-2 
316-3 

Crib 
Trench 

Crib {11&12) 
Crib {12) 

Crib 
Pond 

Reverse Well 
Crib & Tile Field 

Ditch 
Crib 
Crib 

Ditch 
French Drain 

Crib 
Crib 

French Drain 
Crib 

Reverse Well {11&12) 
Crib & Tile Field 

French Drain (11&12) 
Crib 

French Drain (11&12) 
Crib 

Reverse Well 
French Drain 

Crib 
Crib 
Crib 
Pond 
Crib 

Reverse Well 
Crib 

Pond (11&12) 
Pond {11&12) 

Trench 

PC ( 5) 
Steam Condensate, Cooling Water (3) 

MLW (3) 
Process Waste (3) 

PC { 5) 
Steam Condensate, Cooling Water (6) 

MLW (7) 
T/SW (7) 

Steam Condensate, Cooling Water (6) 
PW (7) 
PW ( 6) 
PW (8) 

Steam Condensate, Cooling Water (6) 
MLW (8) 

Steam Condensate, Cooling Water (6) 
T/SW (8) 

PC (6) 
PW (8) 
PC ( 7) 
PW ( 8) 
PW (7) 
PW ( 8) 
PC ( 6) 
PW (9) 

Steam Condensate, Cooling Water (6) 
PW (9) 
PC ( 6) 
PW (9) 

Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 

PW (7) 
PC ( 6) 

PW and Lab Wastes (10) 
PW and Lab Wastes (10) 
PW and Lab Wastes (10) 

------------------------------------ --------------------------------------------------
References used in columns are given at the top of the column headings. The 
reference used in Unit Type is given at the column heading unless 
additional or different sources are listed in parenthesis for for a given 
site. References used for Waste Disposed are given in parenthesis for a 
site. · 
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TABLE 2-5. HANFORD INACTIVE WASTE SITES SORTED BY UNIT TYPE. 

81 Priority Sites Reconrnended for Characterization. 

-----------------------------------------------------------------------------------
Unit Type (12) Site No. (1) Area (12) Waste Disposed 

----------------------------------------------------------------------------------
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 

Crib & Tile Field 
Crib & Tile Field 

Crib (11&12) 
Crib (11&12) 
Crib (11&12) 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 

Ditch 
Ditch 
Ditch 

Dry Well (11&12) 
Dry Well (11&12) 

French Drain 
French Drain 

116-C-2 
116-DR-7 
116-KE-2 
116-K-l 
216-8-43 
216-C-l 
216-B-7 A&B 
216-C-10 
216-8-lOA 
216-A-36A 
216-Z-1&2 
216-S-9 
216-S-7 
216-S-21 
216-S-6 
216-T-8 
216-U-1&2 
216-S-1&2 
216-S-5 
216-Z-7 
2.16-S-20 
216-T-28 
216-T-7 
216-T-19 
216-A-27 
216-A-4 
216-A-21 
216-A-5 
216-8-45 
216-A-24 
216-8-46 
216-8-50 
216-8-48 
216-A-7 
216-A-6 
216-8-49 
216-A-9 
216-8-44 
216-8-16 
216-8-2-2 
216-S-16D 
216-U-11 
100 KW*l 
100 KE*l 
116-8-4 
116-F-10 

100-B/C 
100-0/DR 

100-KE/KW 
100-KE/KW 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 West 
200 West 

100-KE/KW 
100-KE/KW 
100-8/C 
100-F 

2-8 

Ruptured Fuel Effluent (2) 
Misc. (2) 
Misc. (2) 

RC (2) 
T/SW (4) 

PC ( 5) 
T/SW (4) 

PC ( 5) 
PW (4) 
MLW (3) 
PW (9) 
PC (6) 
PC (6) 
PC ( 6) 

Steam Condensate, Cooling Water (6) 
PW (7) 
MLW (8) 
PC ( 6) 

Steam Condensate, Cooling Water (6) 
PW (9) 
PW ( 6) 

. PW ( 7) 
T/SW (7) 

PC (7) 
MLW (3) 
MLW (3) 
PW (3) 

Process Condensate (3) 
T/SW (4) 

Tank/Scavenged Waste (3) 
1/SW (4) 
T/SW {4) 
T/SW (4) 

MLW (3) . 
MLW (3) 

T/SW (4) 
Process Waste (3) 

T/SW (4) 
T/SW (4) 

Steam Condensate, Cooling Water (4) 
Steam Condensate, Cooling Water (6) 

PW (8) 
Misc. (2) 
Misc. (2) 

Decontamination Waste (2) 
RC ( 2) 



TABLE 2-5. HANFORD INACllVE WASTE SITES SORTED BY UNIT TYPE. 
(Continued) 

81 Priority Sites Rec011111ended for Characterization. 

Unit Type (12) 

French Drain 
French Drain 
French Drain 
French Drain 
French Drain 

French Drain (11&12) 
French Drain (11&12) 
French Drain (12) 
French Drain (12) 

Pond 
Pond 

Pond (11&12) 
Pond (11&12) 
Reverse We 11 
Reverse Well 
Reverse Well 
Reverse Well 
Reverse Well 

Reverse Well (11&12) 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 

Site No. (1) Area (12) 

116-H-3 
216-A-28 
216-S-4 
216-U-3 
216-S-3 
216-U-4B 
216-U-4A 
100 KW*2 
100 KE*2 
216-S-17 
216-S-16P 
316-2 
316-1 
216-8-6 
216-B-5 
216-T-2 
216-Z-10 
216-T-3 
216-U-4 
116-B-1 
116-C-1 
116-0R-6 
116-0R-2 
116-DR-l 
116-0-1B 
116-F-l 
116 -F-2 
116-F-3 
116-F-6 
116-F-9 
116-H-l 
116-H-2 
116-K-2 
216-A-40 
316-3 

100-H 
200 East 
200 West 
200 West 
200 West 
200 West 
200 West 

100-KE/KW 
100-KE/KW 

200 West 
200 West 
300 Area 
300 Area 
200 East 
200 East 
200 West 
200 West 
200 West 
200 West 
100-B/C 
100-B/C 
100-0/DR 
100-0/DR 
100-0/DR 
100-0/DR 
100-F 
100-F 
100-F 
100-F 
100-F 
100-H 
100-H 

100-KE/KW 
200 East 
300 Area 

Waste Disposed 

ow (2) 
MLW (3) 

Steam Condensate, Cooling Water (6) 
T/SW (8) 

Steam Condensate, Cooling Water (6) 
PW (8) 
PW (8) 

Misc. (2) 
Misc. (2) 

Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 

PW and Lab Wastes (10) 
PW and Lab Wastes (10) 

PW (4) 
T/SW (4) 

PW (7) 
PW (9) 
MLW (7) 
PW (8) 

Reactor coolant (a) (2) 
RC (a) ( 2) 

RC ( 2) 
RC ( 2) 
RC (2) 
ow (2) 
DW (2) 
RFE (2) 
RFE ( 2) 
RC ( 2) 

Misc (2) 
RFE (2) 
RC ( 2) 

Misc. Liquid Waste (3) 
Steam Condensate, Cooling Water (3) 

PW and Lab Wastes (10) 
----------------------------------------------------------------------------------
References used in columns are given at the top of the column headings. The 
reference used in Unit Type is given at the column heading unless 
additional or different sources are listed in parenthesis for for a 
given site. References used for Waste Disposed are given in parenthesis 
for a site. 

2-9 



I 

I 

I 
-,.. 

' 

TABLE 2-6. HANFORD INACTIVE WASTE SITES SORTED BY WASTE DISPOSED. 

81 Priority Sites Reconmended for CharactP.rization. 

Waste Disposed 

Decontamination Waste (2) 
DW (2) 
ow (2) 
ow (2) 

Misc (2) 
Misc. Liquid Waste (3) 

Misc. (2) 
Misc. (2) 
Misc. (2) 
Misc. (2) 
Misc. (2) 
Misc. (2) 

MLW (3) 
MLW (3) 
MLW (3) 
MLW (3) 
MLW (3) 
MLW (3) 
MLW ( 7) 
MLW (8) 

PC ( 5) 
PC ( 5) 
PC ( 6) 
PC ( 6) 
PC (6) 
PC (6) 
PC ( 7) 

Process Condensate (3) 
Process Waste (3) 

PW and Lab Wastes (10) 
PW and Lab Wastes (10) 
PW and Lab Wastes (10) 

PW (3) 
PW (4) 
PW (4) 
PW (6) 
PW (7) 
PW (7) 
PW ( 7) 
PW (8) 
PW (8) 
PW ( 8) 
PW (8) 
PW (9) 
PW ( 9) 
PW (9) 

Site No. {1) Area (12) 

116-8-4 
116-H-3 
116-F-l 

116-D-1B 
116-F-9 
116-K-2 

100 KE*l 
116-KE-2 
100 KW*l 
100 KE*2 
100 KW*2 
116-DR-7 
216-A-27 
216-A-28 
216-A-4 

216-A-36A 
216-A-7 

216-A-6 
216-T-3 
216-U-1&2 
216-C-10 
216-C-1 
216-S-1!2 
216-S-7 
216-S-9 
216-S-21 
216-T-19 
216-A-5 
216-A-9 
316-1 
316-3 
316-2 
216-A-21 
216-8-lOA 
216-B-6 
216-S-20 
216-T-8 
216-T-2 
216-T-28 
216-U-4A 
216-U-4B 
216-U-11 
216-U-4 
216-Z-7 
216-Z-10 
216-Z-1&2 

2-10 

100-B/C 
100-H 
100-F 

100-D/DR 
100-F 

100-KE/KW 
100-KE/KW 
100-KE/KW 
100-KE/KW 
100-KE/KW 
100-KE/KW 
100-D/DR 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 West 
200 West 
200 East 
200 East 
200 West 
200 West 
200 West 
200 West 
200 West 
200 East 
200 East 
300 Area 
300 Area 
300 Area 
200 East 
200 East 
200 East 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 We st 

Unit iype (12) 

French Drain 
French Drain 

Trench 
Trench 
Trench 
Trench 

Dry Well (11&12) 
Crib 

Dry Well (11&12) 
French Drain (12) 
French Drain (12) 

Crib 
Crib (11&12) 
French Drain 
Crib (11&12) 

Crib 
Crib (12) 
Crib (12) 

Reverse Well 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 

Crib & Tile Field 
Crib (12) 
Crib (12) 

Pond (11&12) 
Trench 

Pond (11&12) 
Crib (11&12) 

Crib 
Reverse Well 

Crib 
Crib 

Reverse Well 
Crib 

French Drain (11&12) 
French Drtin (11&12) 

Ditch 
Reverse Well (11&12) 

Crib 
Reverse Well 

Crib 
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TABLE 2-6. HANFORD INACTIVE WASTE SITES SORTED BY WASTE DISPOSED. 
(Continued) 

81 Priority Sites RecolllTlended for Characterization. 

-----------------------------------------------------------------~---------------

Waste Disposed 

RC (2) 
RC (2) 
RC (2) 
RC (2) 
RC (2) 
RC { 2) 
RC { 2) 

RC {a) { 2) 
Reactor coolant {a) (2) 

RFE (2) 
RFE (2) 
RFE (2) 

Ruptured Fuel Effluent (2) 
Steam Condensate, Cooling Water (3) 
Steam Condensate, Cooling Water (4) 
Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 
Steam Condensate, Cooling Water (6) 

Tank/Scavenged Waste (3) 
T/SW (4) 
T/SW (4) 
T/SW (4) 
T/SW (4) 
T/SW (4) 
T/SW (4) 
T/SW (4) 
T/SW (4) 
T/SW (4) 
T/SW (4) 
T/SW (7) 
T/SW (8) 

Site No. (1) Area (12) 

116-K-l 
116-H-2 
116-DR-2 
116-DR-6 
116-F-6 
116-F-10 
116-DR-1 
116-C-1 
116-B-1 
116-F-2 
116-H-1 
116-F-3 
116-C-2 
216-A-40 
216-B-2-2 
216-S-16D 
216-S-6 
216-S-lGP 
216-S-5 
216-S-3 
216-S-17 
216-S-4 
216-A-24 
216-B-48 
216-8-45 
216-B-49 
216-8-5 
216-8-50 
216-B-16 
216-B -44 
216 -B-46 

216-B-7 A&B 
216-B-43 
216-T-7 
216-U-3 

100-KE/KW 
100-H 

100-D/DR 
100-D/DR 
100-F 
100-F 

100-D/DR 
100 -8/ C 
100-8/C 
100-F 
100-H 
100-F 

100-8/C 
200 East 
200 East 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 West 
200 West 

Unit Type (12) 

Crib 
Trench 
Trench 
Trench 
Trench 

French Drain 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Crib 

Trench 
Ditch 
Ditch 
Crib 
Pond 
Crib 

French Drain 
Pond 

French Drain 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 

Reverse We 11 
Crib (12) 
Crib (12) 
Crib (12) 
Crib (12) 

Crib 
Crib 

Crib & Tile Field 
French Drain 

References used in columns one and two are given at the column headings. 
The reference used in column three, Unit Type, is given at th.e column 
heading unless additional, or different, sources are listed in parenthesis 
for for a given site. References used for column four, Waste Disposed, are 
given in parenthesis for a site. 
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The criteria of importance in establishing whether a site i~ a potential 
CERCLA site or a RCRA 3004(u) site are presented in Table 2-7. In addition, 
the table provides a checklist for the information that is important to 
determining if there is a need for remediation. The matrix is divided into 
two sets of criteria, one set appropriate to CERCLA sites and one 
appropriate to RCRA 3004(u) sites. If a site meets all the criteria under 
the CERCLA listing, remedial action is required under 40 CFR 300. This 
remedial action may involve the collection of additional data to 
characterize the site, and/or the selection of a remedial alternative. 
Sites meeting only some of the criteria may be potential 3004(u) sites. 

In the CERCLA process, sites are screened to determine if they have 
potential for being included on the National Priority List (NPL). This 
screening, using the Hazard Ranking System (HRS), or the Modified Hazard 
Ranking System (mHRS) in the case of sites with contamination from 
radionuclides, evaluates sites according to criteria contained in the 
National Oil and Hazardous Substances Contingency plan (NCP). In this way, 
sites are scored on their relative potential for releases that pose a hazard 
to health or the environment. Sites which score higher than 28.5 are 
candidates for the National Priority List (NPL). 

The scoring is initially conducted during the Preliminary Assessment 
(PA) (DOE Phase I). Data collected in the PA are evaluated and the HRS (or 
mHRS) system is applied. The resulting score is a preliminary determination 
of the relative hazard/threat posed by the site. A score less than 28.5 is 
generally considered to pose no threat under the CERCLA program. 

The HRS/mHRS considers a number of criteria in developing the relative 
score. These criteria include: 

I. Principal injury, radiation, and exposure hazards 

o Injestion of contaminated groundwater or surface water 
o Direct contact with wastes 
0 Fire and explosion 
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TABLE 2.7. CRITERIA APPLICABLE TO DETERMINING NEED FOR REMEDIATION -
A FORM FOR SITE EVALUATION 

Release of Site not Used 
Hazardous Material Since 11/19/80 

HRS or mHRS 
score >28.5 

Unit Contains 
Unit Used to Hazardous 

Manage Solid ~aste Constituents 
Likely to have a Likely to have had 

Future Release a Past Release 

Note: a. A site requires Remedial Action under CERCLA if the site has an affirmative determination under 1, 2 and 3. 
If only affirmative under 1 and 2 it may still be a potential CERCLA site, but not one requiring remediation 
under 40 CFR 300. 

b. A site which is not a CERCLA site with an affirmative determination for 4 and 5; and an affirmative finding 
for 1, 6, or 7 w1ll requ1re some type of remed1at1on under correct1ve act1on regulat1on be1ng currently 
developed by U.S. EPA. 
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o Migration to contaminate drinking water or other human use 
resources, or to result in direct contact 

o Waste characteristics, toxicity, and persistence 
o Radioactive materials. 

2. Physical security and safeguard requirements 

o Accessibility to hazardous substances 
o Containment of wastes and contamination 
o Proximity to populations and resources 

3. Site location 

o Environmental setting (depth to aquifer of concern, unsaturated 
zone permeability, slope, surrounding terrain, distance to surface 
water) 

o Land use and resource use 
o Proximity to populations, sensitive environments, and resources 

4. Risk and Natural forces 

o Migration along surface water, groundwater, and air routes to 
expose populations or impact natural resources 

o Chemical toxicity and radioactive materials. 

The only criteria addressing artificial forces are containment and fire 
and explosion. The HRS/mHRS does not address regulations, codes, standards, 
and guides . However, these issues as well as many of the criteria addressed 
above are considered further under the selection of remediation. The 
CERCLA/SARA identify many of these criteria as the bases for assessment of 
remedial alternatives during the selection process. 

The data used in the HRS process usually varies in quality from site to 
site and may require that some assumptions be made regarding site 
conditions, waste constituents, migration pathways, and potential receptors 
in order to develop a site score . When data quality is poor, the resulting 
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score may be an artifact of the assumptions rather than a reasonable 
representation of the contamination situation. Under such circumstances, 
additional information (including limited sampling) may be conducted as part 
of the CERCLA site inspection (DOE Phase Ila) in order to confirm important 
assumptions. Site scores may then be reevaluated based on the new data. 
As a result, site scores may change and additional sites may be removed from 
consideration. Again, the need for remediation is determined by a site 
score greater than 28.5. 

With the passage of the Superfund Amendments and Reauthorization Act of 
1986 (SARA), all facilities, including federal facilities, are required to 
undertake a Remedial Investigation/Feasibility Study (RI/FS) for sites which 
qualify for the NPL (Scores greater than 28.5). 

2.2 APPROACH TO DEVELOPING SITE CHARACTERIZATION METHODOLOGY 

Requirements for characterizing the CERCLA sites derive from CERCLA and 
SARA regulations, particularly "applicable or relevant and appropriate 
regulations" (ARARs, see report) and the need for collecting site-specific 
informa~ion for ensuring that implemented remedial actions are capable of 
achieving and maintaining ARARs. Such information includes identification 
and quantification of contaminants (i.e., the source), identification and 
characterization of probable pathways of transport, and identification and 
characterization of probable receptors. This information is used to define 
the site and the problems caused by the site and to predict the effects of 
potential remedial action alternatives. Site-specific information is 
generally obtained through the use of multiple investigation techniques. The 
approach to developing the site characterization methodology integrates 
regulatory requirements, contaminant transport pathways of concern, and 
potentially applicable site characterization methods to establish a 
framework for planning the investigation of each of the CERCLA sites. The 
steps involved in developing the approach are summarized in the following 
subsections. 

The methodology for characterizing the CERCLA sites is designed to 
provide necessary and sufficient data to allow definition of the sites and 
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their problems; and to support the evaluation, selection, and 
implementation of appropriate remedial actions for meeting regul1tory 
requirements and providing protection of public health and the environment . 
The methodology, which will guide and focus the development of site 
characterization plans consists of the following steps: 

0 

0 

0 

Step 1 - Identify requirements for site characterization. 
"Requirements", as used herein, refers to the regulatory requirements 
of EPA and the State of Washington and directives issued by DOE. 
Regulations and directives have been evaluated in this Task for their 
applicability to the Hanford CERCLA sites; the specific requirements 
in each regulation will be identified in the preparation of site 
characterization plans. 

Step 2 - Identify pathways for each site . 
route(s) that contaminants could follow in 
(the site) to receptors (human populations 

"Pathways" refers to the 
transport from the source 
and/or plant and animal 

species). Pathways can consist of one or more environmental media. 
Potential pathways have been identified in this task for each site on 
using available information on the nature and environmental 
settings of the sites. 

Step 3 - Determine methods for characterizing sites. "Methods" refers 
to those activities that could be conducted to provide definition of 
the sites, the site problem, and the site setting. Site 
characterization methods are generally considered to consist of on-site 
investigation of the site using existing data and through the 
collection and evaluation of new data for sites for which relatively 
little data are available. Potentially applicable site investigation 
techniques have been identified in this task for the potential 
transport pathways. 

During the site characterization activity information must be obtained on 
the following topics: 
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Waste source -- physical and chemical aspects of the waste materials 
(solubility, persistence, quantity, toxicity) and the media_ in which 
they are contained. 

Geology -- structures influencing groundwater movement, geologic 
properties of aquifers and confining units (porosity, permeability, 
geochemistry). 

Groundwater direction and rate of flow, seasonal/temporal 
variations, aquifer properties, recharge/discharge areas. 

o Surface Water -- drainage patterns, runoff, seasonal variations, 
sediment pathways. 

o Pedology -- characteristics of surface soils and soils in the 
vadose zone, porosity, soil chemistry. 

o Air -- climatic data, wind speed and direction. 

o Public health -- demography, public use of groundwater surface 
water, and exposed animals/plants, contaminant toxicity. 

o Plant and animal species -- bioaccumulation of contaminants, 
populations of plant/animal species . 

2. 2. 1 Identification of Remedial Action Requirements 

The site characterization process has three primary purposes. First, 
site characterization should define the nature and extent of contamination 
(waste type, concentration, and distribution). Second, it should allow data 
quality objectives (DQOs) to be refined. Finally, it should assess the need 
for treatability studies. This process is required for collection of data 
to determine the need for, and extent of, remedial action. 

Since the information gathered in the remedial investigation is then 
used to proceed to the feasibility study , the process of selecting 
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appropriate remedial action activities requires that the concentration and 
distribution of contaminants be determined. In order to accomplJsh this 
goal, it is necessary to identify the requirements as stated in Federal and 
State regulations and guidance. Table 2-8 identifies the specific regulations 
containing the requirements applicable to site characterization. In the 
matrix, the specific sections of each source which provides the requirement 
are noted. These sources contain very specific requirements which will be 
identified as part of the development of the site characterization plan. 

2.2.2 Identification of Site-Specific Contaminant Transport Pathways of 
Concern 

In order to identify appropriate investigation techniques for the 
CERCLA sites, the likely pathways of contaminant transport to be 
investigated must first be identified. Available information on waste 
disposal methods, the types of wastes disposed, and the environmental 
settings of the locations of the sites were evaluated and possible pathways 
of transport were identified for each site. The pathways, which include 
media that are both direct and intermediate pathways to receptors, that were 
considered include: 

0 Groundwater 
0 Surface soils 
0 Vadose zone 
0 Air 
0 Surface water 
0 Sediments 
0 Waste source 
0 Plant uptake 
0 Animal uptake 

2.3 SITE CHARACTERIZATION METHODOLOGY 

The primary purpose of site characterization is to define the sites, 
site problems, and settings to support the development, screening, 
evaluation and selection of remedial action alternatives in the feasibility 
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TABLE 2-8. THE REMEDIAL ACTION REQUIREMENTS TO SUPPORT THE SITE CHARACTERIZATION METHODOLOGY FOR CERCLA SITES 

Remedial Action Activities 

Remedial Investigation 

Site Characterization 
Pathways Characterization 
Receptors Characterization 
Problem Definition 

Feaslb111ty Study 

Cleanup Criteria 

Evaluation factors 

Cost-effectiveness 

Selection/doc1111entation 

Implementation 

Permitting 

Compliance with other laws 

Regulations 

40 CFR 300.67 

40 CFR 300 .68 

40 CFR 116.4 
117 .3 
141. ll 
141.12 
141.15 
141.16 
141. 50 
141.61 
143 .3 

10 CFR 61.41-
61.44 

40 CFR 300.70 
300 .69 

10 CFR 61.41 

61.43 
61.44 

Sources for Remedial Action Requirements 

Federal 

SARA 
PL99-962 

T1 tl e l 
Sec .120 

Title l 
Sec.120 

Title l 
Sec.121 
Title l 
Sec.121 

Title l 
Sec .121 

Policy/Guidance/ 
Orders 

DOE 5480 . 14 
EPA Directive 
9355.0-19 
DOE 5480 . 14 

DOE 5480.14 

EPA Di rect 1ve 
9355.0-19 

State 

Regulations 

WAC 173-304-490 

WAC 173-201 
173-303 
173-304 

-9901 

WAC 173-216 
173-303 
173-304 

Policy/Guidance 
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study and the implementation of the selected remedial action. Site 
information should be sufficient to determine the necessity, extJnt, and 
feasibility of remedial actions, evaluate costs of potential remedial action 
alternatives, allow for the prioritization of sites based on threat to human 
health and the environment, and perform any required risk assessments. 

The site characterization methodology consists of evaluation of 
existing data and collection and evaluation of additional data. Additional 
data may need to be collected and evaluated in more than one round in order 
to provide data on the sites and site problems sufficient to allow the 
evaluation, selection, and implementation of remedial actions. 

2.3.1 Evaluation of Existing Data 

The first step in site characterization is to locate, compile, and 
evaluate data available for each site. Investigators will, to the extent 
allowed by the available data, compile a site description, history, and 
chronology of significant events that will aid in planning subsequent 
detailed characterization efforts. Existing data will be evaluated to 
determ1ne the following: 

o Locations, quantities, concentrations, and characteristics of hazardous 
waste disposed at each site. The investigators will evaluate results 
of previous sampling, results of chemical and physical testing, and 
records of disposal practices and operating procedures to characterize 
the properties of the hazardous waste disposed at each site. 

o Pathways and extent of contaminant migration. The investigators 
will evaluate existing monitoring data (water, soil, sediment, air, 
biota) and regional and site-specific information pertaining to site 
geology, pedology, hydrogeology, meteorology, and biology to identify 
the pathways and extent of contaminant migration at the site. 

o Human and environmental receptors. The investigators will evaluate 
demographic and land use information, surface water/groundwater use 
adjacent and downstream/downgradient of the site, regional and site 
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ecology, and the results of biological testing to identify the human 
populations and environmental species potentially impacted EY the site. 

o The impact of the site on human and environmental receptors. The 
investigators will evaluate the site with respect to waste 
characteristics and probable transport pathways to determine the site's 
impact on humans and the environment. 

o Factors that must be considered in future field investigations (e.g., 
site-specific health and safety requirements, limitations in conducting 
field activities, extreme weather, or difficult terrain). 

This information to characterize CERCLA sites can be grouped into four 
general categories: 

1. 

2. 

3. 

4. 

Environmental Setting - These data characterize the regional 
aspects of the area that impact the movement of contaminants from 
the site and the potential of exposure to them. They include 
topography, regional hydrologic characteristics, meteorology, 
biota, soil type, among others. Secondary data sources contain 
sufficient information to define the environmental setting of the 
Hanford site. 

Hazardous and Radioactive Substances - These data characterize the 
wastes disposed at the sites and include chemical constituents, 
concentrations, and the nature of the depositories. Secondary 
data sources provide some of this information at Hanford. 

Environmental Concentrations - These data define the extent, 
direction, and rate of migration of contaminants in the ground, 
water, and air. Extensive sampling will be needed to develop a 
iufficient data base of environmental concentrations at the 
Hanford site. 

Potential Impacts on Receptions - These data describe the human 
population likely to be exposed to contaminants and the pathways 

2-21 



Draft September 3, 1987 

through which the exposure is likely to occur. Available demo
graphic information and the findings from the environmental 
sampling activities will provide the basis for making these 
assessments at Hanford. 

The extent and completeness of the available data to characterize the 
site is discussed below: 

2.3 . 1.1 Environmental Setting 

The information needed to understand the environmental setting of the 
Hanford Reservation and the surrounding area is assessed in this subsection. 

The information required for the environmental setting must be suffi
cient to allow an understanding of the factors impacting the source of 
contamination to the potential receptor; and the movement of the contaminant 
through the environment. The documents listed below and a few supplemental 
reports are sufficient to define the environmental setting. (It should be 
noted that information for the 200 Area is more extensive than for the other 
Hanford Reservation areas.) 

Regional geology is essential to a discussion of the environmental 
setting. This includes information on the stratigraphy and structure of the 
area along with information regarding seismicity and tectonics. Also 
included should be information about geomorphology, geochemistry and soils . 

Another important aspect of the regional setting is geohydrologic and 
hydrologic conditions. This discussion should address surface water condi
tions and characteristics, groundwater flow, pathways and bedrock structures 
and sources of drinking water including information dealing with confined 
and unconfined aquifers and vadose zone characteristics. 

Information on meteorological and air quality conditions are _also key 
elements of this section of the site characterization. Within this section 
wind direction and speed should be addressed along with the ranges of 
temperature and humidity, precipitation and dispersion conditions. 
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Terrestrial and aquatic ecosystems also have a role in the regional dis
cussion. These include environmental quality, agricultural and gther land 
use, vegetation and radiological conditions. Discussion should also include 
area mammals, birds, reptiles, insects, amphibians, and all threatened and 
endangered species. 

Additionally, a discussion of natural resources such as archaeological, 
cultural and historical resources should be included. A discussion of 
population density and distribution and possible socioeconomic conditions 
may also be included. 

For the Hanford Reservation and the surrounding area, information of 
the kind described above can be found in four documents. 

o U.S. Department of Energy (U.S. DOE). Draft Phase I Installation 
Assessment of Inactive Waste-Disposal Sites at Hanford. Volume I. 
Methods and Analysis. Washington, D.C. July 1986. 

o United States Energy Research and Development Administration. 

0 

Final Environmental Statement - Waste Management Operations 
Hanford - Reservation, Richland, Washington. ERDA-1538 UC70. 
December 1975. 

U.S. Department of Energy. Environmental Assessment Reference 
Repository Location Hanford Site Washington. Volume I of 3. 
DOE/RW-0070. Washington, D.C. May 1986. 

o U.S. Department of Energy. Environmental Assessment Reference 
Repository Location Hanford Site Washington. Volume II of 3. 
DOE/RW-0070. Washington, D.C. May 1986. 

2.3.1.2 Hazardous and Radioactive Substances 

Chemical and radioactive waste disposal inventories from documented 
sources are available for each source within the 100, 200 and 300 Areas. 
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There are indications, however, that undocumented release to the sites also 
took place. Key constituents and concentrations of the chemicalJ and radio
nuclides are given in these documented inventories. Volumes of liquid waste 
disposed of at the disposal sites are listed along with the nature of the 
disposal site. Radioactive materials releases and unplanned releases (i.e., 
spills, etc.) information is present in the documents that were reviewed 
under this task. In addition, well logs are needed for existing wells. The 
availability of this information could not be determined. 

The following documents contain chemical and radionuclide inventories: 

0 U.S. Department of Energy (U.S. DOE). Draft Phase I Installation 
Assessment of Inactive Waste-Disposal Sites at Hanford. Volume I. 
Methods and Analysis. Washington, D.C. July 1986. 

o U.S. Department of Energy (U.S. DOE). Draft Phase I Installation 
Assessment of Inactive Waste-Disposal Sites at Hanford. Volume 
II. HISS Data base. Washington, D.C. July 1986. 

o United States Energy Research and Development Administration. 
Final Environmental Statement - Waste Management Operations 
Hanford - Reservation, Richland, Washington. ERDA-1538 UC70. 
December 1975. 

The 200 Areas of the Hanford Reservation are better documented than either 
the 100 or the 300 Areas. 

2.3.1.3 ·Environmental Concentrations 

Table 2-9 lists the data needed to determine the type and extent of 
contamination at the Hanford site. The table also evaluates the utility of 
the environmental data available from past studies to make these 
determinations. The evaluations are based on a thorough examination of the 
environmental data reported in the various studies conducted to date. The 
evaluations assess whether: 
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GENERAL PATHWAY CHARACTERISTICS 

Groundwater 

Unconfined Aquifer 

Boundaries and Location 

Aquifer Hydraulics 

Hydrochemistry 
Contaminants 
Stratigraphy 

Structure 

Recharge/Uischarge 

Well Data 

Confined Aquifer 

Boundary and Location 
Aquifer Hydraulics 
Hydrocheml stry 
Contaminant 
Stratigraphy 
Structure 
Recharge/D1scharge 
Well Data 

Surface Soils 

Spatial Distribution 
Hydraulics 

Chemistry 

Podology 
Biology 

TABLE 2-9. 

Contaminants In Surface Soll Environment 

ADEQUACY OF PATHWAY CHARACTERISTICS DATA 

DATA ADEQUACY 

100 Area 200 Area 300 Area 

Groundwater Unconfined Aquifer 

3 

2 

1 
2 
1 

3 

2 

3 

2 

2 
2 
3 

3 

3 

2 

3 

1 

2 
2 
2 

1 

2 

2 

Groundwater Confined Aquifer 

2 
1 
1 
2 
2 
3 
1 
2 

3 
1 

1 
1 
2 

3 
1 
1 
2 
2 
3 
1 
2 

Surface Sot ts 

3 
2 

2 

2 
1 
2 

2 
2 
3 
1 
2 
3 
1 
1 

1 

1 

2 
1 
1 

PURPOSE OR RATIONALE 

Determine quantity of subsurface water, 
extent of aquifer confinement 
Identify flow rate and direction and 
contaminant pathway and rate 

Determine contaminant plume to remediate 
Determine the aquifers geometry, aquifer 
recharge and discharge; ground-water quality, 
movement, productivity and occurance 
Determine barriers or controls on the natural 
flow 
Determine gains and losses of water Into the 
aquifer's total quantity of water 
Determine aquifer properties for the ease of 
movement, to store water and to access 
remediation and detect the spatial extent of 
contamination. 

Determine spatial extent of contaminant 
resulting from Infiltration of transported 
contaminant resulting from pr,clpltation, 
spills, airborne particulates or overload 
flows 
Surface soil Is the first soil horizon to 
vadose zone (see vadose zone for 
similarities) 
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TABLE 2-9. ADEQUACY OF PATHMAY CHAIACTERISTJCS DATA (Contf••ed) 

GENERAL PATHWAY CHARACTERISTICS 

Vldose Zone 

Air 

Uns1tur1ted Hydr1ulics 

Uns1tur1ted Zone Che• tstry 

Podology 

Biology 

Soi 1 Gu 
Conta• tnants 

Meterologtc1l Para• eters 

We1ther Extre• es 

Surf1ce W1ter 

R Iver 

Hydr1ulics/Geo• etry 
Che• tstry 

Ground W1ter - Surf1ce Water Relationships 
Locatlon/Qu1ntities 
Che• tstry 

Dr1in1ge 
Loc1tion/Qu1ntttles 

Sedt • ents 

Physic1l Ch1r1cteristtcs 
Che• i stry 

Mtner1logy 
Contu1inants 

Footnotes 

100 Area 

2 

1 

1 
2 

2 

2 

1 
1 

1 
1 

2 

1 
1 

1 
1 

DATA ADEQUACY 

200 Area 300 

V.dose Zone 

1 

1 

2 

1 

1 
2 

Atr 

2 

2 

Surhce Mater 

1 
1 

2 

Sedt • ents 

Area 

1 

1 

1 

1 

1 
1 

2 

2 

1 
1 

1 
1 

2 

PURPOSE OR RATIONALE 

Esti • 1te the transport of cont1• lnant through 
sotl • atrh 
Predict • obillty of conta• in1nt through the 
soil ind deter• ine environ• ental setting for 
che• ical degr1d1tion for by-products 
Deter• tne the effects of physical properties 
on infiltration, ret1rd1tlon and attenuation 
of cont1• ln1nt species 
Understand the biologic1l degradation 
by-products 

Deter• lne path of • igr1tlon and contamln1nt 
type. 

Deter• lne contributions fro • other dispersion 
of cont1• lnants fro• other sources, weather 
variation and outco• e on re • edlation, 
defining recharge and evapotranspiration 

Deter• lne the degree of conta• ln1nt transport 
and quantity of conta• lnants 

Evaluate for cont1• ln1nt pathw1y cycling 

Determine water/sedi • ent p1rtltionlng and 
capacity for water to 1ssl • ilate conta111in1nt 

Deter• lne if che• lcal flow or overload flow 
will re• ove conta• lnants offslte or on. 

Deter• ine water/sedi • ent parbltlonlng of 
contaminants. 

(1) Co• plete sa • pllng effort required resulting fro • an absence of lnfor• ation. 
(2) Moderate sa111pllng effort required to supplement the existing data. 
(J) No further sa• pling effort required because suff i c i ent data exists that ts diagnostically useful. 
(O) " 3 
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1) Little or no data is available and a complete sampling effort is 
needed 

2) Sampling is needed to supplement the existing data base 

3) Enough quality data is already available and no further sampling 
is needed. 

This evaluation provides a basis for developing in the following section the 
sampling recommendations for generating the additional information to fully 
characterize the environmental condition of the sites. 

2.3.1.4 Potential Impacts on Receptors 

A quantitative risk assessment requires environmental, toxicological 
and exposure information. This information is used to assess the degree of 
degradation in environmental quality and to determine the potential risk to 
receptors in the environment. 

Some information is available to help make these assessments. This 
information shows that potential receptors may eventually be impacted by 
contaminants from Hanford and a comprehensive risk assessment will probably 
be required. 

The following documents contain the most extensive data: 

0 

0 

U.S. Department of Energy (U.S. DOE). Draft Phase I Installation 
Assessment of Inactive Waste-Disposal Sites at Hanford. Volume I . 
Methods and Analysis. Washington, D.C. July 1986. 

U.S. Department of Energy (U.S. DOE), Richland Operations Office. 
Hanford Environmental Management Program Plan. Richland, 
Washington. November 1986. 
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o United States Energy Research and Development Administration. 

0 

Final Environmental Statement - Waste Management Operations 
Hanford - Reservation, Richland, Washington. ERDA-1538 UC70. 
December 1975. 

U.S. Department of Energy. Environmental Assessment Reference 
Repository Location Hanford Site Washington. Volume I of 3. 
DOE/RW-0070. Washington, D.C. May 1986. 

o U.S. Department of Energy. Environmental Assessment Reference 
Repository Location Hanford Site Washington. Volume II of 3. 
DOE/RW-0070. Washington, D.C. May 1986. 

This information, plus the results from the sampling activities should 
provide sufficient data to conduct a quantitative risk assessment of the 
100, 200 and 300 Areas. 

2.3.2 Collection and Evaluation of Additional Data 

If existing information is not sufficient to meet the data needs of the 
feasibility study, additional information must be obtained. The collection 
and evaluation of additional data will serve two purposes. First, 
additional data will verify the information gathered from existing sources 
{e.g., pathways, receptors, contaminants of concern). Second, additional 
investigations will provide an opportunity to collect data that will support 
the development and screening of remedial action alternatives. 

2.3.2.1 Identification of Potentially Applicable Site Characterization 
Methods. 

Site investigation methods appropriate to the environmental setting of 
the CERCLA sites and the identified potential pathways of concern were 
identified for consideration in the development of site-specific . 
characterization plans. The methods, each of which was determined to be 
potentially applicable to the sites, include: 
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o Soil borings and sampling and analysis/testing of the soil column. 

o Test pit excavation, direct observation of subsurface conditions, and 
sampling and analysis/testing of excavated material. 

o Groundwater monitoring well installation,sampling and analysis of 
groundwater, monitoring groundwater levels. 

o Piezometer installation and monitoring groundwater levels . 

o Probe driving and sampling and analysis of soil gases in the vadose 
zone. 

o Sampling and analysis/testing of biota (terrestial and aquatic plants 
and animal s) . 

o Sampling and analysis of air for emission of gases and/or volatile 
compounds. 

o Grab sampling and analysis of wastes, surface soils, surface water, 
and/or sediments. 

o Remote sensing (i.e., geophysical surveys) of subsurface conditions, 
such as geologic anomalies and strata, contaminant distribution, and 
locations of underground structures: 

- ground-penetrating radar 
- electromagnetic induction 
- earth resistivity 
- borehole resistivity 
- borehole conductivity. 

o Aquifer tests for hydrogeologic properties such as transmissivity, 
storativity, and drawdown. 
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o Modeling of groundwater flow to interpolate/extrapolate within/beyond 
areas of available data and to predict the effects of impos-ed 
subsurface conditions. 

o Aerial photography for identifying surface anomalies and historic 
surface changes (by comparison) and for supporting mapping of surface 
conditions. 

o Infrared imagery for identifying areas of vegetative stress and/or 
contamination. 

These site characterization methods are the tools that are commonly 
used for defining the CERCLA sites and corresponding environmental problems . 
The applicability of these methods to characterizing and determining the 
presence and transport of contaminants in the each of the pathways of 
concern is shown in Table 2-10. 

Each medium in the column heading of Table 2-10 is a potential 
migration pathway for both radioactive and hazardous chemical contaminants. 
The amount and nature of the contaminants present in these media need to be 
characterized in order to be able to assess the extent of existing 
contamination and the potential for future transport through that pathway. 
Chemical and radioactive analyses performed on samples obtained by the 
methods flagged by asterisks in the table, along with physical (i.e., 
hydrologic and structural) information obtained by using the other methods , 
provide the data necessary to perform this evaluation. 

2.3.2.2 Compliance of Site Characterization Methods with Environmental 
Regulations 

The sampling methods required for characterization are selected to satisfy 
the requirements of the regulations identified in Table 2-8. These 
regulations sometimes specify the methods to be employed, and otherwise 
allow the use of generally accepted and appropriate techniques. Table 2-11 
presents a comparison of the identified site characterization methods with 
the applicable regulations. 
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TABLE 2-10. ·POTENTIAlLY APPLICABLE SITE CHAIACTERIZATION NETHOOS 

Potential Envl~t•l P1th1My1 

Olarecterl1attan Mlthodl 6roundlilater Surface Soll Vadou lone Air Surface Water Sedl•nll Waite Source Plant Uptake Ant .. 1 Uptake 

lcwlnga• l l l 

Tat Pita• l l l 

W.11 ln1ta11atlon/Slllp1tng• l l l l 

Plucaeter ln1u1lat1an• l 

11111d AA,ger Slllplea• l 

Sotl .... l l l 

llologlc.1 5111p1a• l l 

Atr Nanttor1ng• l 
N 
I 
w &rail Slllple Collection• l 
I-' 

l l l 

&eophJIIC.1 Surw11 
,round ,.,_tratlng it.dar l l l 
flect,-gnetlc Induction l l l 
Earth letlatlvtty l l l 
lorehole Mlthodl 

leahtlvlty l l l 
Conduct! vlty l l l 

Aquifer Teats l 

Nadeh l l l l l l l l l 

Aerial Photography l l l X 

l11fr1,_, 1...-rr l X 

• 5111p1 .. obutMd u1lng then •thoda "" be 1111ly1ed for a 1ult1 of organic chatcal, Inorganic chalcal and radioactive cont•lnanll . 
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TABLE 2-11. COMPLIANCE OF SITE CHARACTERIZATION METHODS WITH ENVIRONMENTAL REGULATIONS 

Charactert zat ton 
Methods 

Drtlltng/sampltng/ 
analysts 

Well tnstallatton/ 
sampling analysts 

Hand auger sampling/ 
analysts 

Sotl gas sampling/ 
analysts 

Geophysical surveys 

Environmental Regulations 

Federal. Federal State 
Regulations Guidance Regulations 

40 CFR 264 .90 RCRA 
40 CFR 147.2400 Groundwater 

Honttortng 
Technical 

40 CFR 141.23 Enforcement WAC173-304-490 
40 CFR 141.24 Guidance 173-160 
40 CFR 141. 25 Document 

Local 
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2.4 PLAN FOR CONDUCTING THE SITE CHARACTERIZATION 

The plan presented here is designed to identify contaminants and 
determine the migration rates through the eight pathways; groundwater, 
vadose zone, surface soils, air, surface water, sediments, direct contact 
plant uptake, and animal uptake for purposes of developing estimates of the 
cost and time required to conduct the Remedial Investigation required of the 
CERCLA RI/FS process. Of these, the vadose zone and the groundwater are 
generally the priority concerns for most of the CERCLA sites. In 
characterizing these pathways, the following nature of the contamination 
should be addressed: 

o Confirmation of releases of contaminants and evaluation of poten
tial for future releases 

o Delineation of the horizontal and vertical extent of contaminant 
plumes and effects of the media characteristics on contaminant 
migration 

o Determination of existing surface and groundwater quality and · 
characterization of chemical nature of contaminant plume 

o Determination of the direction and rate of contaminant movement . 

A plan has been developed for each of the three areas (100, 200, and 
300 Areas). Each plan specifies a sampling program for the CERCLA sources 
in the area (81 sources in total). A highly structured sampling program is 
being proposed to address each of the environmental pathways for each 
source. The characterization plans are designed to be implemented in a 
series of stages, with a maximum of five stages possible within an area. 
The main objective of this approach is to systematically build a data base 
for each site. These five stages are: 
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0 Stage I: 

0 Stage II: 

0 Stage III: 

0 Stage IV: 

0 Stage V: 
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Review Existing Measurements Data 

Conduct Proximity Contaminant Survey and Evaluation 
for the Unconfined Aquifer 

Conduct Distal Contaminant Survey and Evaluation 
for the Unco~fined Aquifer 

Conduct Confined Aquifer Survey and Evaluation 

Conduct Sampling of Surface Water and Sediments and 
Final Data Evaluation 

Stage I: Review Existing Data 

The first stage reviews and evaluates existing environmental measure
ments data not available to SAIC at the time that this characterization plan 
was prepared. 

Stages II and III: Proximity and Distal Surveys 

The second and third stages provide the basis to verify and understand 
the types of chemicals and radionuclides resulting from the waste 
disposal at the sites impacting the uppermost aquifer. The second stage directs 
its efforts toward identifying contaminants residing in the immediate 
proximity of the source. The third stage addresses the lateral and 
horizontal extent of contamination and determines which contaminants have 
migrated. Stages II and III tasks are designed to investigate the 
geological and hydrogeological (including soil and vadose zone) conditions. 

Geologic Investigations 

The main purpose of the geologic investigation is to describe the 
geologic conditions that govern the movement of contaminants from the 
disposal sites. These goals will be met by reviewing and reevaluating 
available geologic data previously developed for the Hanford site 
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complimented by detailed geological and geophysical logging of monitoring 
wells boreholes. A surface geophysical assessment around the sile will also 
be made. This assessment will aid in the locating of new monitoring wells 
and in the definition of the contaminant plumes. 

The review and reevaluation of previously developed geologic data will 
be included. These data, along with site construction records, will be used 
to confirm the accuracy of existing site geologic maps, construct 
appropriate cross-sections and fence diagrams, and to correlate data between 
separate site investigations. These efforts are expected to reveal the 
geologic conditions or other factors most likely to be responsible for 
current or future contaminant releases. 

The review and reevaluation effort discussed above will help guide 
both the geophysical investigation and the final site selection for new 
borings for monitoring well installation. These investigative efforts are 
expected to identify the geologic factors governing the movement of 
contaminants from the sites into and through the groundwater and soil 
pathways. 

Hydrogeologic and Chemical Investigations 

In conjunction with the geologic investigations, hydrogeologic and 
hydrochemical investigations will be conducted. These investigations focus 
on groundwater movement and contaminant migration within the unconfined and . 
confined aquifers. This process will begin with a thorough review of 
existing hydrogeologic and groundwater monitoring data . Validated 
monitoring data will be computerized and organized into data management 
basis. This will allow rapid evaluation of the data and development of a 
thorough evaluation of the pathway and evaluation of existing and historic 
potentiometric surface maps, and isocontours of geophysical and 
hydrochemical data. The results of this effort will be used to finalize the 
number and locations of new monitoring wells. Samples from all wells will 
undergo a complete chemical characterization. 
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Stage IV: Conduct Confined Aquifer Survey 

Stage !V's objective is to assess the viability of vertical migration 
of contaminants into the confined aquifer and the interbeds. Although 
extensive examination of the Saddle Mountain basalts has been conducted by 
the Department of Energy and Rockwell, no information exists on 
contamination migration directly under the areas on which the sites source 
units exist. The tasks under this stage are similar to the media 
investigations discussed in Stages II and III. 

Stage V: Surface Water and Sediment Sampling 

Stage V evaluates the surface water, sediments, and animal 
contamination pathways. These are accomplished by collecting water and 
sediment samples from the Columbia River and conducting bioassays of 
resident species from· the 100 Area to three miles below the 300 Area 
contaminant plume. A complete water qual ity sampling would follow the 
completion of the entire area's monitoring well installations. 

Existing river monitoring stations and new river and river sediment 
sampling stations will be established and used to characterize the point of 
contaminant existence and contaminant migration down the river. Characteri 
zation of all potential contaminants in the surface water and bottom sedi
ments will be conducted. Results of these analyses will show if the sites 
are contributing to surface water contamination and if contamination is 
found, will be compared to the results of groundwater analyses to give an 
indication of the likely route being followed by the contaminants. 

The climate of this region of Washington State places some constraints 
on evaluating this potential contaminant pathway since stream flow in the 
vicinity of the Hanford site is ephemeral Nonetheless, nonflowing 
artificial and natural stream channels, gullies, and flowing seep will be 
located for sampling. An attempt will also be made to establish site
specific and local drainage patterns across the surface of the Hanford site . 
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As part of the technical approach in characterizing potential 
contaminants in the surface water and stream sediments, a revised water 
balance will be conducted for the site area to examine the 
interrelationships between groundwater and surface water. This water 
balance will allow for a determination of potential for the site affecting 
surface water quality. 

Proposed Sampling Program 

Tables 2-12 through 2-15 are matrices summarizing the sampling needs in 
the proposed characterization plans. Each matrix organization relates each 
area's sources to the pathways by means of a stage activated sampling 
regime. Tables 2-12, 2-13, and 2-14 discuss the unconfined aquifer's 
sampling efforts and Table 2-15 discusses the confined aquifer's sampling 
efforts. 

These three tables demonstrate how the evaluation of staged sampling 
will provide the information to eliminate the deficiencies identified in 
Table 2-9. These matrices provide the groundwork to prepare the cost esti
mates and scheduling on a source(s) basis. With this in mind, Table 2-6 
compiles the staged sampling needs for the 100, 200, and 300 Areas on an 
area basis. 

Tables 2-12 through 2-14 are tables which identify by area the 
individual sampling needs. Their needs include the number of samples, soil 
borings, lysimeters, and monitoring wells along with the types of monitoring 
wells and samples to be taken for the 100, 200, and 300 Areas of the Hanford 
Reservation. 

Table 2-16 is a summary table which identifies the number of monitoring 
wells samples, grab samples, lysimeter samples, soil boring samples, and 
random sediment and river sediment samples for each of the three CERCLA 
areas of the Hanford Reservation. This table is derived from Tabl-es 2-12, 
2-13, and 2-14. 
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TABLE 2-12 Sl.fflnllry of SMl)ling N~ for the 100 Are1 Sources 

Notes A ind B to this table define chronological stage implementation and source characterization act i vity rat i ona le . . . . . . . . . . . . . . . . . . . -.. -.. ..... -..... .. -.. ...... . .. . ... .. ........ .. ....... -......... -.. -.. .... ... .. ---...... ... .... .. .. ... . 
100 1/C Area 

IP1th1,11y . . .... .... .. .. ............ .. ...... .. ........................ .. .... .... ........ .. ....... .. .. .. ............. .. .. ........ .. .. ...... . ....... .. . .. .. .. .. .. .. .. . .. . .. .... .. 
I GrOU"Olater Ai r 
!Source 

I Surf1ce I 
I Soils I 

Vedose 
Zone 

ISediinentsl Surf1ce I Pl1nt I An ima l 
I I Weter I Upt1ke I Upta ke 

······ ·· ·· · ·I·· ··· ···· ··· ·· · ···•··· · ·· ···•········ · ···· · ······•·· ········•··· ······•··········•·~··· · ··•··· ····· ·· 
!Stage II & Ill Stage 11 & 111 ISt1ge V I St1ge V 
pnstall1tion of pnstal lit ion IEphemer1l ISeepege 
15 11 loverflowsl4 random 
!cluster (3 depths) !cluster (3 depths) 14 random senl)les 
laonitoring wells I lysiNter lsenl)les 
I I I 

116· 8·1 I !Soil lorings I 
I SUge V 110 borings I 
!Water Quality ls~led every 5 feet I 
123 Ito water level. I 
ISa~les 1188 s~les I 
I I I 
I !Soil G1s Survey fo r I 
I IVol1tile Organic I 
I IC~s I 
I ISO ft. grids I 

·· ·· ·· ······l····· · ···· · ·· ·· · ··•· ········•········ · ··· ···· ··· ·•···· ····· ·•······· ··•····· · · ···• · ·· · ·· · ··• ··· ··· ·· ··I 
I Stage 11 & 111 Stage 11 & 111 !Stage V I Stage V 
I lnstal lat ion of pnstal lat ion !Ephemeral !Seepage 
15 11 loverflowsl4 random 
!cluster (3 depths) !cluster (3 depths) 14 r1ndom sa~les 
!mon i tor ing we l ls I lys imeter ls~les 
I I I 

116 ·8· 4 I !Soil Borings I 
I Stage V IB bor ings I 
!Water Qua li ty lsa~led every 5 feet I I 
123 Ito water level. I I 
ISa~les 1150 sa~les I I 
I I I I 
I !Soil Gas Survey for I I 
I !Volatile Organic I I 
I IC~unds I I 
I ISO ft. grids I I 

·· · ···· ···· · l · ··· · · ··· ········ ·•· · · · · ··· ·• · ····· ·· ·· · ·· · ·· · ·· ·• · ········ ·•· ·· ·· · ·· ·•· ··· ······• ··· · ··· · ·• · · ······ · · I 
!Stage II & Ill Stage II & Ill !Stage V I Stage V 

pnstal lat ion of I lnstal lat ion !Ephemeral !Seepage 
IS 11 loverflowsl4 random 
!cluster (3 depths) !cluster (3 depths) 14 random lsa~les 
l1110nitoring wells I lysimeter s~les I 
I I I 

116·C·1 I !Soil Borings I 
I Stage V IB borings I 
!Water Quality ls8ff1:>led every 5 feet I 
123 Ito water level. I 
ISa~les I 150 s~les I 
I I I 
I !Soil Gas Survey for I 
I !Volatile Organ ic I 
I IC~s I 

I I 150 ft. grids I 
1· · · · · · ······ 1· ·· ······ · · · ·· ··· ·• ·· · ·· ··· ·• · ······ · · · ·· · ····· ·· • · ·· ··· · ·· ·• · · ··· · · ··• ······ · · ··• ·· · · · ··· ·• ·· · ··· · · ·· 1 
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S~ry of S~l Ing NH<li tot7ht lUO ArH 5ourc:n 
.......................... .. ....... ...... ...................................................................... .. ............................................................ . .. -• 

100 1/C Area 
IPath111ay •·································································································· ····• 
I Grcu-dwater I Surface I Vadose Air !Sediments! Surface I Plant I Animal I 
Source I Soi ls I Zone I I Water I Uptake I Uptake I 
··· ·········l················· · •·········•····················•··········•·········•··········•····· ···· • ··· · ······I 

1su11e II 'Ill I Stege JI ' Ill !Stege V I Stege V I 
!Instil lat ion of IJnstallation IEphemerallSeepage I 
15 11 loverfl0111Sl4 random I 
!cluster (3 depths) !cluster (3 depths) 14 random s~les I 
laonitoring wl ls llysi•ter ls~les I 

I I I I 
116·C·2 I !Soil lorings I I 

I Stege V 120 borings I I 
!Water Qua Ii ty ls~led every 5 feet I I 
123 Ito water level. I I 
ISa~les 1376 s~les I I 
I I I I 

I !Soil Gas Survey for I I 
I !Volatile Organic I I 
I IC~s I I 
I ISO ft. grids I I 

· · ··········I··················•·········•····················•··········•·········+··········•·········+·········· I 

Notes A and B to this table define chronological stage implementation and source characterization activity rationale . 
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Notes A and B to this table define chronological stage 1apleaientatfon and source character i zat i on 1ct i vi ty rat i onale . 

. ......... . . . . ... ..... ....... . .. .. .. .. .. .. ... .... .. ........ ...... .. .......... .... .. .. ...... .. ..... .. .. .. .. .... .. .......... ........ ...... ...... .... ..... .. .. .. ........ .. .. ... .. . .. .. .. .. ...... .. ... .. . . . ... . 
100 N Area 

I Pathway • • · · • • · • • • • • • • • · · · · • • · · · · • • • · • • • • • • • • • • • • • · • · · • • • · · · · · · • · · · · · · • · · · · • • • · · · · · • • · · · · · · · · · · · · · · · · · · · · · · · · · · • 
I Grcu-dwater I Surface I Vadose Air !Sed iments! Surface I Plant I Anima l I 
!Source I Soil I Zone I I Water I Uptake I Uptak e I 
··· ···· · ····I ··· ·· ··· ·· ····· ···•·· · ···· · ·•· ······ · ········ ····•·· ··· ·· · · ·•··· · ··· ··•··········•·~ ··· ···•······ ·· ·· I 

!Stage II & 111 I Stage II & 11 1 I Stage V !Stage V 
pnuallation of I !Installation !Ephemeral !Seepage 
15 I I 1 loverflowsl4 random 
!cluster (3 depths>! !cluster (3 depths) 14 random ls~les 
laonitoring wells I llysiaeter l•~les I 
I I I I I 

116· N· 1 I I !Soil lorings I I 
I Stage V I po I I 
!Water Quality I l•~led every S feet I I 
123 I Ito water level. I I 
ISa~les I 184 H~les I I 
I I I I I 
I I !Soil Gas Survey for I I 
I I !Volatile Organic I I 
I I ICarpounds I I 
I I ISO ft. grids I I 

··· · · ··· · · · ·I · · · · · · · ··· · ··· ··· · • · ·· · ·· ·· ·•······ · ·· ·· · · ·······•· -· ·· ·····• · ··· · ··· · • · · · ·· ···· ·• · · · · ···· ·• · ······ · ·· 
!Stage II & I II Stage II & 111 I Stage V !Stage V 
IJnstal lat i on of I pnstal lat ion I Ephemeral I Seepage 

IS I 11 loverflows l4 random 
!cluster (3 depths )! !cluster (3 depths) 14 random sa~ les 
!monitoring we l ls I I lysimeter sa~les 

I I I 
I I !Soil Borings 

116·H · 2 I Stage V I 110 
!Water Qual i ty I lsa~led every S feet 

123 I I to water leve l . 

ISa~ les I 184 s~les 

I I I 
I I !So i l Gas Survey fo r 

I I !Volatile Organic 

I I ICarpounds 

I I ISO ft. grids 
.... ........ .. .. . .. .. 1 . .. .. .... ...... . ................ . ........ .. .... .......... .... . .. .. ..... . . .. .. . ... . ...... ......... .. . . . .. .. ... ... .... ........ .. ..... .. .. ... .. .... . ..... . .. ... . 

!Stage II & Ill Stage II & Ill I Stage V !Stage V 
I lnsta l lat ion of I I lnstal lat ion !Ephemeral I Seepage 

IS I 11 !overflows 14 random 
I cluster (3 depths) I I cluster (3 depths) 14 random sa~les 
!monitoring wells I I lysimeter lsa~les 

I I I I 
I I !Soi l Borings I 

116·N · 3 I Stage V I 18 I 
!Water Qual i ty I lsa1rpled every S fee t I 

123 I I to water level. I 
ISa~ les I 167 sa~les I 
I I I I 
I I !So i I Gas Survey fo r I 
I I I Volatile Organi c I 
I I I Carpounds I 

I I I ISO ft. grids I 
I· ··· · ····-· · 1· · · · ··· · · · · ·· · ·· ··• ·· ··· · ···•··· · ··· · ·· ·· · · ···· · ·• ·· · ·· · · · ··• ·········• · · · ·······• · · · ···· · ·• · · ····· ·· · 1 
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-- ~ - T.lfBLE 2-12 Slffl!llry of S~l 1ng NHCts,or-tftrluo ArH sources 

Notes A ind B to this table define chronolo9ic1l st19e 111plement1t1on ind source ch1r1cteriz1tion 1ctivity rationale . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . -.. -.. -. -.. ... -.......... -.... .... . .. ... . ..... ... . .. . 
100 DIOR Area 

fPathway ............................................. .......... ................................ . .......... .. ...... . . .. .......................................... ...... ....... ........ .. .... ........ .. . .. 
I Groundwater Air 
fsource 

I Surface I 

f Soi I I 
Vedose 

Zone 
ISedimentsf Surface I Plant I Anima l I 

I I Water I Uptake I Uptake I 
· · · · · · · · · · · · I··············· ·· ·•·········•····················•··· ····· · ·•······ ···•··········•· · · · · · · · ·• · · · · · · · · · · I 

!Stage 11 & II I I Stage I I & 111 I Stage V I Stage V - I 
flnstal lat ion of flnstallation I Ephemeral I Seepage I 

15 11 foverflowsl4 random I 
!cluster (3 depths) lcluster (3 depths) 14 random s~les I 

laonitoring wells I lysiNter sen-pies I 
116•011•1 I I I 

I !Soil lorings I 
I Stage V I 10 borings I 
IWater Quality lsan-pled every 5 fHt I 
123 Ito water level. I 
IS•~les I 166 sen-pies I 
I I I 
I fsoil Gas Survey for I 
I IVolatile Organic I 
I fC~s I 
I fSO ft. grids I 

.... .......... . ... , ................................................................................................................................................ .. 
!Stage JI & Ill Stage II & II I I Stage V fStage V 
flnstallation of flnstal lat ion I Ephemera I I Seepage 
IS 11 foverflowsl4 random 
fcluster (3 depths) fcluster (3 depths) 14 random lsa~l es 
lmonitoring wells I lysimeter sa~les I 
I I I 

116· DR · 2 I ISoil Borings I 
I Stage V f10 borings I 
IWater Quality lsllfl'Pled every 5 feet I I 
123 I to water level. I I 
ISa~les f166 s~les I I 
I I I I 
I !Soil Gas Survey for I I 
I !Volatile Organic I I 
I IC~unds I I 
I ISO ft. grids I I 

· · · · · · · · · · · · I· · · · · · · · · · · · · · · · · ·• · · · · · · · · ·• · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · ·•· · · · · · · · · • · · · · · · · · · · • · · · · · · · · · • · · · · · · · · · · I 
I Stage II & 111 

llnstallation of 

fS 
lcluster (3 depths) 

lmonitoring wells 

I 

Stage II & 111 

fins ta I lat ion 

11 
lcluster (3 depths) 

I lysimeter 

I 
1 116·DR·1B I ISoil Borings 
I I Stage V I 7 borings 
I IWater Quality lsllfl'Pled every 5 fHtl 

I 123 Ito water level. I 
I ISa~ l es 1116 s~les I 

I I I I 
I I ISoil Gas Survey for I 

I I IVolat i leOrganic I 

I I IC~s I 
I I f50 ft. grids I 

IStage V !Stage V 

!Ephemeral !Seepage 
loverflowsl4 random 
14 random sa~les 

l ············l ···· · · ···· ·· ·· ·· ·· •·· ·· ··· ·· • ·· ······· · ·· ········• ········· ·•······ ·· ·•········ · ·•· · · ···· · · • ······ ·· · · I 
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•···· ··· ··· ············································ ············ ·· ·· ·· ···· ······ ····· · .. .. .... ... .... .. .... .. ... .... .... . ..... . . 
100 D/DR ArH 

!Pathway •··················· ·· ···· ·················· ········ ······ ····· ·· ··· ···· ······· ···· ······· ···· ····· ·· ··· 
I 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Groundwater 
Source 

I Surface I 
I Soil I 

Yedose 
Zone 

Air jSedimentsl Surface I Plant I An ima l 

I I Water I Uptake I Uptake 

············I·············· · ···•· ··· · ····•········ ···· ·· ······•· ···· ··· ··•····· ····•··· ·· ··· ··•······· ··•·········· 
ISta;e II & Ill Stage II & Ill ISta;e V ISta;e V 
IJnstallation of pnstallation !Ephemeral !Seepage 

15 11 loverflowsl4 random 
!cluster (3 depths) !cluster (3 depths) 14 random sa~les 
IIIOl"litorin; wells jlysi111eter js~les 

I I I 
116·D•·6 I !Soil lorin;s I 

I Stage v IS borings I 
!Water Quality l•~lecl every 5 feet I 

123 Ito water level. I 

IS•~les 1133 s~les I 

I I I 
I I Soi I Gas Survey for I 
I !Volatile Organic I 
I IC~s I 
I 15D ft. grids I 

············I ··· ······· ·· ·· ····•··· ····· ·•············· ···· ···•····· ·····•·········•··········•·········•······· ··· 
jSta;e JI & Ill Stage II & 111 ISta;e V ISta;e V 
IJnstal lat ion of !Installation !Ephemeral I Seepage 
IS 11 loverflowsl4 random 
!cluster (3 depths) !cluster (3 depths) 14 random ls•~les 
!monitoring wells I l ys imeter lsa~les I 
I I I I 

116·0R · 7 I !Soil lorings I I 
I Stage V 18 borings I I 
!Water Quality 1s81!l)led every 5 feet I I 
123 I to water level . I I 
IS•~les 1133 sa~les I I 
I I I I 
I !Soil ,as Survey fo r I I 
I !Volatile Organic I I 
I IC~s I I 
I 150 ft . ;rids I I 

I· · ·· · · · ··· ·· I·········· ···· ·· · ·• · ··· ·· ···•············· · · · ·· ··• · · ·· · · · · ··•····· · ·.· ·•··· · ·· ··· ·• · · ··· ····•· ···· · ·· ·· I 

Notes A and B to this table define chronological stage implementation and source characterization activ i ty ra ti onale. 
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Notes A and a to this table define chronological stage 1111Plementatfon and source characterization activity rat i onal e. 

•·· ········ ·· ···· ··· ·· ············· ·· ······· ········· ·· ···· ···· ······ ····· ········· ·· ···· ··· ·· ·· ····· ···· ·· ······ ·· ·• 
100 f Area 

f Pathway • · • • • • • • • • • • • • • • • • • • • • • • • • · • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • • • • • • • · • • • • • • • • • • • • • • · · • · • · · • • • • • · · · • • • • •• 
I Groundwater I Surface I Vadose Air ISediinentsl Surface I Plant I An ima l 

!Sources I Soil I Zone I I Water I Uptalce I Uptake I 
··· ··· ······I······ ····· ·· ·· ···•······· ··•· ········· ·· ········•······· ···•· ·· ······•···· ······•·~···· ··•····· ····· I 

fStage II & III Stage II & 111 I Stage V !Stage V 
pnstal lat ion of pnstallation !Ephemeral !Seepage 
15 12 loverflowsl4 random 
!cluster (3 depths) !cluster (3 depths) 14 random sa~les 
laonitoring wells I lysi•ters sa,~les 

I I 
116· F·1 I !Soil lorings 

I Stage V 140 borings 
!Water Quality ls~led every 5 feet 
123 Ito water level. 
ISarrples 1400 san~les 

I I 
I fSoil Gas Survey for 

I !Volatile Organic 

I IC~ 

I 150 ft. grids 

· · · · · · · · · · · · I········· ···· ·····•· ···· ····+········ ············+··········•····· ····•········ ··•· ····· ···•··· · · · · · · · I 
!Stage II & III I Stage II & Ill I Stage V !Stage V 
flnstal lat ion of I flnstallation !Ephemeral !Seepage 
15 I 

,, loverflowsl4 random 
!cluster (3 depths> ! !cluster (3 depths) 14 random sarrples 
!monitoring wells I I lysimeter ln11~les 

I I I I 
116· F·2 I I !Soil lorings I 

I Stage V I f13 borings I 
fWater Quality I ls~led every 5 feet I I 
f23 I Ito water level. I I 
IS~les I I 130 sa11~les I I 
I I I I I 
I I !Soil Gas Survey for I I 
I I !Volatile Organic I I 
I I IC0ffl)OUnds I I 
I I ISO ft. grids I I 

I· ···· · ····· · I· · ······ · ·········•· · · · · · · · ·• · · · · · · · · · · · · · · · · · · · ·• · · · · · · · · · ·• · · · · · · · · ·•· · · · · · · · · · • · · · · · · · · · • · · · · · · · · · · 
fStage II & Ill Stage II & Ill I Stage V !Stage V 
flnstellation of flnstallation fEphemeraqseepage 

IS f1 foverflowsl4 random 
!cluster (3 depths) fcluster (3 depths) f4 random lsa~les 
linonitoring wells I lysimeter •~Les I 
I I I 

1 116·F·3 I fSoil lorfngs I 
I I Stage V f 10 borings I 
I !Water Qua Ii ty I s~l ed every 5 feet I 

I 123 Ito water level. I 
I fsarrples f100 •~les j 

I I I I 
I I I Soil Gas Survey for I 
I I I Volatile Organ i c I 
I I I C~i.rds I 
I I fSO ft. grids I 
l ··· · ·· · ·· ···l · ····· ···· · ·· ·· ··· • ···· · · ···•···· · ··· · ······· ·· · · • · ·· ··· · ·· ·• ·· ··· · ···•· · ····· ·· ·• ···· ·····•· ··· · ·····I 
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· • · - -- - - ~~ J F ., 1 • ... '-......, • u • " " '- xv '7"" ""' ' -cc=u-=.;,u ,c,-r-r:-.--,~ --- --- - - - -
• · · · · · · · · • • • · • • · · · • · • · • • • • • • • • • • • • · • • • • • · · • • • • • • • • • • • • • • • • • • · · · • • · • • • • · · · · · · · • · · · · • · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · • 

100 F Are, 

IP1thw1y • ···········•····· •·············· •·••······························································ · ···• 
I Groundwater I Surface I Vadose Air !Sediments! Surface I Plant I Anima l I 
I Sources I So il I Zone I I Water I Uptake I Uptake I 
I············ I··················•·········•····················•··········•····· ····•···· ··· ···•·· ··· ····•··· ···· ··· I 

I Stage 11 & I II I Stage II & I II I Stage V !Stage V I 
IJnstallation of I 1Ntal lat ion !Ephemeral ISttpage I 
15 12 loverflowsl4 random I 
lcluster (3 depths) !cluster (3 depths) 14 random sa~les I 
l110nitor ing wells I lysiaeter ls~les I 
I I I I 

I I !Soil lorings I I 
(2 aources) I Stage V 113 borings I I 

116·F · 6 !Water Qual ity ls~led every 5 feet I I I 
116·F·10 123 Ito water level. I I I 

ISa~les 1130 sa~les I I I 
I I I I I 
I !Soil Gas Survey for I I I 
I !Volatile Organic I I I 
I IC~s I I I 
I ISO ft. grids I I I 

• •••••··•••• I············· · ····•······ · ··•····················•·· ·· ·· · ···•·········•········· ·•·········• · ······· · · I 
!Stage II & Ill I Stage II & 111 I Stage V !Stage V 
IJnstel lat ion of I IJnstal lat ion !Ephemeral !Seepage 
IS I 11 loverflowsl4 random 
!cluster (3 depths>! !cluster (3 depths) 14 random sa~les 
!monitoring wells I I lysimeter sa~les 

I I 
116·F · 9 I !Soil Borings 

Stage V I pe borings 
I !Water Qua li ty I ls~led every S feet! 

~ 123 I I to water level. I 
ISa~les I 1180 s~les I 
I I I I 
I I !Soil Gas Survey for I 
I I !Volatile Organic I 
I I IC~unds I 
I I ISO ft. grids I 

· · · · · · · ·· · ··I·········· ········•·········•· ··········· ·· ······•······· · · ·• · ······· ·• · ········ ·• · ······· ·• ·· · ····· · · I 

Notes A and B to this table define chronological stage implementation and source characterization activ i ty rat ional e . 
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···············-·--- ·-··· ·· ·· ····· ·· ··· ········· ········· ········ ······ ············ ···· ··· ··············· ········· ··· 
100 ICE/1:V Aree 

IP•th ... y • • • • ••••• •• •• • ••••• • • • •• ••• • •• • •• • ••••••• • •• • • • ••••• •• • •• • •••••• • ••• •• • • • •• • •• • • • • • •• • •••• • •• ••••••••. •• 

I Groundwater I Surface I Vedose Air !Sediments! Surface I Plant I Animal 
I Source I Soi I I Zone I I Water I Uptake I Uptake 

I····· ······· I··· ··· ······ ··· ·· ·•··· ····· ·•···· ····· ·· ··· ·· ····•······· ·· ·•··· ···· ··•····· ···· ·•·· ·······•······ ···· 
!Stage II & Ill Stage II & 111 I Stage V !Stage V I 

r-. pnstal lat ion of pnsta l lat ion !Ephemeral I Seepage I 
IS I, loverflovsl4 rendom I 
!cluster (3 depths) !cluster (3 depths) 14 random H""les I 
11101'\itor ing we l ls llysi111eter slll'ples I 
I I I 

I I !Soil lor ings I 
(2 aources) I Stage V 110 I 

100· Kwe1 !Weter Oue l i ty lsaq,led every S feet I 
100·Kwe2 123 Ito water level. I 

IS•""les 1144 sa,~les I 
I I I 
I !Soil Gas Survey for I 
I !Volat ile Organ ic I 
I IC~s I 
I ISO ft. grids I 

.... . .. .... . I· ... ... . ... .. .... ·• .. . . .. .. ·• · .. . .... ... .. .. .. .. ·• · ... .... . ·• . ...... . ·•· .... .... ·• .. . .... . ·• ...... . .. . 
!Stage 11 & 111 Stage II & 111 I Stage V !Stage V 

pnste l letion of I Ins tel lat ion !Ephemera l I Seepage 
IS I, loverflowsl4 random 
!cluster (3 depths ) !cluster (3 depths) 14 random ls•"" les 
!moni tor ing we lls I lys imete r lslll'p les I 
I I I I 
I I So i l Borings I I 

11 I Stage V 18 I I 
IC 2 sources> !We t er Qua li ty ls~led every 5 feet I I I 
I 100 · KE* 1 123 Ito wat er leve l. I I I 
I 100 · KE*2 !Sen-pies 1115 san-p les I I I 
I I I I I I 
I I !So i l Gas Survey fo r I I I 

I !Vol atile Organ ic I I I 
I I Co,rpounds I I I 
I ISO ft . gr ids I I I 

···· ··· ··· ·· l···· · · ··········· ·•·········•········· · ·· · ·······• ·· ··· · ·· ··• ·········•····· ··· ··• ····· ··· ·• ··········I 
!Stage I I & I ll Stage 11 & 111 I Stage V !Stage V 

I lns t el le t i on of jlnste ll et ion !Ephemeral I Seepage 
15 I, lover f l ows l4 random 
!cluster (3 depths ) !cluster (3 depths) 14 random lsen-p les 
!monitori ng wel ls I lys imete r I se""les I 
I I I I 
I jSoil lorings I I 

116·1C · 1 I Stage V 18 I I 
jWater Ouel i ty lsaq,led every S feet I I 
123 Ito Nater level . I I 
ISMples 1115 SMples I I 
I I I I 
I jSo i l Gas Survey for I I 
I !Volatile Organ ic I I 

I I IC~s I I 
I ISO f t. gr ids I I 

···· ·· ······ l ·· ···· ·· · ······· · · • ····· · · · · • ····· · ····· · ··· · ···· • ·········· • ·········•·· · ·· · ··· · • · ··· · ···· • ·· ······ ··I 

Not es A and B to th i s table def i ne ch ronologi ca l st age imp l ementati on and source charact eri zati on ac tivity rationale . 
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TABLE 2-12 S1611111ry of S~ling Need$ for the 100 Are• Sources 

Notes A 1nd B to this t1ble define chronologic1l st1ge implementation ind source characterization activity rationale. 

•···································································· ... ·.··············· .. ---················ · ······ ·· 
100 ICE/KW Area 

!Pathway •················································· .......................................... . .. . .. ... .... . . ... . 
- I Groundwater I Surface I 

I Soil I 
Yadose 

Zone 
Air !Sediments! Surface I Plant I Anima l 

I I Water I Uptake I Uptake !Source 

I············ I··················•·········•····················•··········•·········•··········•·-·······•· ······ ··· 
I !Stage II & 111 Stage II & 111 I Stage V !Stage V 
I IJnstallation of pnstallation !Ephemeral !Seepage 

I 15 11 loverfl01i1sl4 random 
I !cluster (3 depths) !cluster (3 depths) 14 random ls~les 
I l_,,,itoring wells llysi•ter •~Les I 
I I I I 
I I !Soil lorings I 
I 116·1C·2 I Stage V 18 I 
I !Water Oual ity ls~led every 5 feet I 
I 123 Ito water level. I 
I ISllffl>les 1115 l~les I 

I 
I I I I 
I I !Soil Gas Survey for I 
I I !Volatile Organic I 
I I IC~s I 
I I 150 ft. grids I 
· · · · · · · · · · · · I··················•·········•····················•··········•·········•··········•· · · · · · · · · • · · · · · · · · · · I 

!Stage II & Ill I Stage II & 111 I Stage V !Stage V 
IJnstal l1tion of I IJnstallation !Ephemeral !Seepage 
15 I 11 loverflowsl4 random 
!cluster (3 depths)! !cluster (3 depths) 14 random sa~les 
!monitoring wells I I lysimeter s~les 
I I I 
I I !Soil Borings 

116·1CE·2 I Stage V I po 
!Water Quality I ls•~led every 5 feet 
123 I I to water leve 1. 

IS•~les I 1144 s~les 

I I I 
I I !Soil Gas Survey for 

I I !Volatile Organic 

I I IC~s 
I I 150 ft. grids 

. ........... I· ..... . ....... . . . ·• ......... • ................... ·• .. ........ • . ....... ·• .. . ...... ·• ........ . • .. .. . . .. . . I 
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TABLE 2-13 Sl.fflllllry of S~lln; Needs for the 200 Are1 Sources 

Notes A ind B to this table define chronological stage implementat i on and source characteri zat i on act i vi ty ra ti onale . 

· ···· -······· ····· ····· ········ .. ... ... .. .... .. ...... .. ................. . .. .... .. .. .... ... . . . ...... .. .... .. .............. .. .... .. .. .... .......... .... .......... ... . ...... . .. .... .. .. . . 
200 E Area 

IP1thw1y . .. ............. .. ...... .. .... .. ............ .. ................ .. .. .. .. .... ............ .. ......... .. ... . . .... . . . .. ...... .. .. ... -..... . .. . .... .. .. . . . ... . ..... . . .... .. . 

I 
!Source 

lir01.Tdw1ter I Surface I 
I Soils I 

Vedose 

Zone 
Ai r !Sediments! Surface I Plant I An imal 

I I Water I Uptake I Upt ake 

I············ I····· ········· · ·· ·•· ········•····· · ······ ····· ·· ·•·· ·· ··· ·· ·•··· · · ····•· ···· · ····•-· ·· · ···•·· ·· ··· ·· · 
I !Stage 11 & I II Stage II & I I I !Stage V Stage V 

I 1Jnst1l lat ion of 1J nstll lat ion I Ephemeral I Seepage 

I 113 11 loverflowsl6 

I linonitoring wells !cluster (3 depths) I 6 random I random 

I I I lysi•ter sa,rples sa,rples 

I I I 
I I !Soil lorings 
I< 7 sources) I Stage V 110 borings 
I 216·8·43 !Water Qua li ty ls~led every 5 feet 

I 216·8·44 120 Ito water leve l . 

I 216·8 ·45 ISa~les 1676 s~les 

I 216·8 ·46 I I 
I 216·8·48 I !Soi l lias Survey for 

I 216·8 ·49 I !Volatile Organi c: 
I 216·8 · 5D I IC~s 

I I 15D ft. grids 

I·········· · · I······ ·· -· · · · · · · · ·• · · · · · · · · ·• · · · · · · · · · · · · · · · · · · · ·• · · · · · · · · · ·•· · · · · · · · ·• · · · · · · · · · · • · · · · · · · · ·• · · · · · · · · · · I 

11 

I Stage 11 & 111 

IJnstal lat i on of 

15 
!monitoring wells 

Stage V 
(1 source) !Water Quality 
216 ·8· 7A&B 18 

!Sa~les 

I 
I 
I 
I 
I 

Stage 11 & 111 

IJnstal lat ion 

11 
jc:luster (3 depths) 
I lysimeter 

I 
jSoi l Borings 
18 borings 
lslffl>led every 5 feet I 
Ito water level. I 
1541 sa~les I 

I I 
!Soil Gas Survey fo r I 
!Volatile Organ ic: I 
I Con-pounds I 
ISO ft. grids I 

!Stage V Stage V 

IEphemerallSeepage 
I overflows 16 
16 random !random 
sa~les lsarr;,les 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. ..... . . . .. . 1-- ----- .. ....... ...... .. ......... ..... .. .... .......... .... .. .... . .. . ..... .. .. .. . . . ..... .. ........ ...... ... . .. . . ..... ........ ..... . . . . . 
!Stage II & Ill 
!Installation of 
15 
!monitor i ng wells 

I 
I 

Stage 11 & 111 

I Instil lat ion 

11 
!cluster (3 depths) 
I lysimeter 

I 
I !Soil lorings 

II I I Stage V 18 borings 
(1 source) !Water Quality ls~led every 5 feet I 
216· 9·2·2 18 Ito water level. I 

ISa~ les 1541 sa~les I 
I I I 
I !So i l Gas Survey fo r I 
I !Vo lat i le Organi c: I 
I I Con-pounds I 
I ISO ft. grids I 

!Stage V Stage V 
!Ephemeral !Seepage 
loverflowsl6 
16 random !random 
s~les 

l ·· ·· ·· · · ··· · l ··· ····· ·· ······· ·•·· ·······•··· ··· · · ·· · ······· · ·• ·· · ··· ·· ·· • · ···· · · ·· •···· · · ·· · ·• · · · ·· · ·· ·•· ······· ·· I 
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TABLF. 2-13 Sl.6fflllry of S-.:>ling N~s for the 200 Are• Sources 

th . t bl• d•fine chronolonital stage implementation and source characterization activity rationale . Notes A and B to is a ~ ~ w 

•... -... --... ...... ..... --.... ... . -.... --.. .. -. .. . -...... --.. ... .. ..... . -... ...... -.. .... . ...... .. . . -.. . .... -- ... .... .. .... . .... ... . 
200 E Area 

IP• thw•y •.. .. -.. . . . . · ..... -.. ... . . . . ... ......... . .... ---. . ... .. ... .. ..... . .. .... . . -. -. . . .. -.. -. . . -.... ....... ..... .. . . .. . - . .... . ..... .. -• 
I Groundwater Air !Sediments! Surface I Plant I Anima l 
!Source 

I Surfacr I 
I Soils I 

Vedose 
Zone I I Water I 15>t • k.e I Upt ake 

·· ··········I········ ······· ·· ·•···· ·····•··· ·················•···· ·· ····•······ ·· ·•··········•··· ······• · .... .... . 
fStage II & Ill Stage II & Ill !Stage V Stage V 

IJnstal lat ion of IJnst• l l• tion IEphemer• L!Seepage 

16 11 I overflows 16 
l11onitoring wells I cluster (3 depths) 16 random I random 

I llysiaeter !samples samples 

JV I I I 
(1 source) I !Soil lorings I 

216 · 8· 5 I Stage V 16 borings I 

!Water Quality !sampled every 5 feet I I 

19 Ito water level. I I 
ISa"l)les 1406 sa,rples I I 
I I I I 
I !Soil lias Survey for I I 

I IVolati le Organ i c I I 

I IC~s I I 
I ISO ft. grids I I 

· · · · · · · · · · · · I· ···· · ····· · ···· · ·• · · · · · · · · ·• · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · ·• · · · · · · · · ·• · · · · · · · · · · • · · · · · · · · ·• · · · · · · · · · · I 
!Stage II & Ill Stage II & Ill !Stage V Stage V 

pnstal lat i on of pnst• ll • tion !Ephemera l !Seepage 

17 11 I overflows 16 
lmon i tori ng we 11 s I c I uster (3 depths) 16 random I random 

j lysimeter jsa"l)les jsa"l) l es 

I I I 
V !Soil Borings I I 

(2 sources) Stage V 110 borings I I 
216 · 8· 10 · A !Water Qua I i ty !sampled every S feet I I 
216 · 8· 6 111 Ito w• ter level. I I 

ISa"l)les 1676 s-.:>les I I 
I I I I 
I !Soil lies Survey for I I 
I !Volatile Organ i c I I 
I ICo,rpounds I I 
I ISO ft. grids I I 

· · ··· · ··· · ··I···· · ·· · ··· ·· · ··· ·• · ·· ······• · ······ ·· · ·· · · · ·· · · ·•· · · ····· · ·• · · · · · · · · ·• ··· ··· · · · ·• · · · · · ·· · ·• · · ·· · · ··· · 
!Stage II & Ill Stage II & Ill !Stage V Stage V 

II nsta I lat ion of pnstal lat i on !Ephemera LI Seepage 

IS 11 loverflowsl6 
!monitoring wells !cluster (3 depths) 16 random I random 

I I l ys i111eter sa,rpl es I samp les 

I I I 
VI I I Soil Borings I 

1<2 sources) I Stage V 112 borings I 

I 216·C·1 !Water Qual i ty !sampled every S fee t ! I 

I 216 · C· 10 18 Ito water level. I I 

I ISa"l) l es 1811 sa"l) les I I 

I I I I I 
I I I Soil Gas Survey fo r I I 

I I !Volatile Organic I I 

I I lt~s I I 
I I ISO ft . grids I I 
l ····· · ··· ·· · l······ · · ··· · · ·· · ··•·········• ·· · ··· · · ········ ·· · · • · · · · ·· · · · ·• · ·· ·· · ·· ·• · ·· · · ·· · ·· • ···· · ·· · ·• ·· ······· ·I 
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--~ ................................... · ........... · ...... -.................. ....... ---. -... ............. --.. -.. .. - ...... .. . -.. -

ZOO E ArH 

!Pathway •..•.............•........•.............................................. . ......................... ... .• 
I Cirouidwater I Surface I 

I Soi 1, I 

Yadose 

Zone 

Air !Sediments! Surface I Plant I Animal 
!Source I I Water I Uptake I Uptake 
.••••••••••• I················· · •·········•······· · ············•· ·········• · ······ ··•·· · ·······•·········•· · ··· · ···· 

!Stage 11 , 111 Stage II & Ill !Stage v Stage V I I 
IJnstallation of IJnstal la-ti on !Ephemeral !Seepage I I 
IS 11 loverflowsl6 I - I 
l110nitoring wells !cluster (3 depths) 16 random !random I I 
I llysi•ter ls~les ,~les I I 
I I I I I 

VII I !Soil lorings I I I 
(1 1ource) I Stage V IS borings I I I 
216·1·16 I Water Quality ls~led every 5 feet I I I I 

18 I to water level. I I I I 
ISarrples 1541 ,~les I I I I 
I I I I I I 
I !Soil Gas Survey for I I I I 
I !Volatile Organic I I I I 
I ICOll'pOundS I I I I 
I ISO ft. grids I I I I 

·· ··········l··················•·········•····················•· ·········•·········•··········•···· ····· •· ·········I 
!Stage II , I I I Stage JI & Ill !Stage V Stage V 
pnstal lat ion of IJnstal lat ion !Ephemeral !Seepage 

15 11 I overflows I 6 
!monitoring wells !cluster (3 depths) 16 random !random 

I I lysimeter lsarrples lsarrp les 

I I I I 
VIII I !Soil Borings I I 

(1 source) I Stage V 1a borings I I 
216-A-40 !Water Quality lsarrpled every 5 feet I I 

18 Ito water level. I I 
ISarrples 1541 ,~les I I 
I I I I 
I !Soil Gas Survey for I I 
I !Volatile Organic I I 
I I COll'pOundS I I 
I ISO ft. grids I I 

· ········· ·· I············· ··· · ·•·· · ····· ·•··············· ·····•··· · ···· · ·•········ ·•· ·· ·· ·· ···•· ··· ·····• · ····· ···· I 
!Stage II & Ill Stage II & Ill !Stage V Stage V 

I lnstal lat ion of I lnstal lat ion !Ephemeral !Seepage 

IS 12 I overflows 16 
!monitoring wells !cluster (3 depths) 16 random !random 

I I lysirneters ls~les lsarrp les 

I I I I 
I !Soi I Borings I I 

IX I Stage V I 12 borings I I 
(1 source) !Water Oual ity 1,~led every 5 feet I I 
216·A·24 IS Ito water level. I I 

IS~les 1811 s~les I I 
I I I I 
I !Soil Gas Survey for I I 
I !Volatile Organic I I 
I jCOOl)OundS I I 
I ISO ft. grids I I 

············ I·········· · ·······• ·· · ·· ····•····················•· · ···· ····•·· ·· ·····•··········•······· ·· • ·· · ···· ··· 

· Notes A and 8 to this table define chronological stage implementation and source characterization act ivity rationale . 
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TABLE 2-13 S~ry of Sal1')ling Needs for the 200 Area Sources 

. · t · activity rationale . Notes A and B to this table define chronological stage iinplementat1on and source character1za 10n 

.. . .............................. .. ................ ... ............................................. ............ .................. .. ........ . .. . ................................... ........... 
200 E Area 

!Pathway •· · · · · · · · · · · · · · · · · · · · · · · • • • · • • • · • • • • · • • · • • · · · • · · · · · · · · • · · · · · · · · · · • · · · · · • · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · • 
I GrOllldwater I Surface I Yadose Air !Sediments! Surface I Plant I Anima l 

I Source I Soi Is I Zone I I Water I Uptake I Upta ke I 

•• 0 ·········1··················•·········+··········· · ········•··········•·· ·······•··········•:-........•.... ... .. . I 
!Stage JI & JI I I Stage II & 111 !Stage V Stage V I 
pnstal lat ion of pnstal lat ion jEphemeral !Seepage I 
15 12 I overflows 16 I 
l1110nitoring wells !cluster (3 depths) 16 random jrandom I 
I llysimeters saq:,les lsaq:,les I 
I I I ·I 
I jSoil Borings I I 

X I Stage V 112 borings I I 
(1 source) jWater Qua! ity ls~led every S fttt I I 
216·A·9 IS jto water level. I I 

ISaq:,les 1811 Sal1')les I I 
I I I I 
I !Soil Gas Survey for I I 
I !Volatile Organic I I 
I IC~s I I 
r ISO ft. grids I I 

············I··················•·········•····················•··········•·········•··········•·········•·········· 
!Stage II & Ill Stage 11 & 111 !Stage V Stage V 
I Installation of pnstal lat ion I Ephemera I I Seepage 

IS I 1 loverflowsl6 
!monitoring wells jcluster (3 depths) 16 random !random 

I I lysimeter jsa"l)les I Sll"l) l es 

I I I I 
XI I jSoil Borings I I 

C, source) I Stage V 14 borings I I 
216 · A· 7 jWater Quality jsaq:,led every S feet I I I 

IS Ito water level. I I I 
ISa"l)les 1270 s~les I I I 
I I I I I 
I jSoil Gas Survey for I I I 
I !Volatile Organic I I I 
I jC~unds I I I 
I ISO ft. grids I I I 

············l··················•·········•····················•··········•·········• · ·········• · ········• ···· ···· ·· I 
jStage II & Ill Stage II & Ill !Stage V Stage V I 
I Installation of jlnstal lat ion !Ephemeral !Seepage I 
IS 11 loverflowsl6 I 
!monitoring wells jcluster (3 depths) 16 random !random I 
I llysimeter I Saffl)l es jsa"l)les I 
I I I I I 

XII I !Soil Borings I I I 
(1 source) I Stage V 14 borings I I I 
216·A·28 !Water Qua! ity jsaq:,led every S feet I I I I 

18 I to water level. I I I I 
jSa"l)les 1270 saq:,les I I I I 

I I I I I I 

I jSoil Gas Survey for I I I I 

I !Volatile Organic I I I I 

I IC~s I I I I 

I ISO ft. grids I I I I 
· ···········l··················•·········•····················•··········•······· · ·•······· · · · • ·· ·· ·· · ·· • ·· · ·· ·····I 
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- - - -. ............ ~ .................................... ... - ....... . . ... . -

200 E ArH 

I Pathway •· · • • • • • • • • · • • · · • · • • · · · • · · · · · · · • · • · • · · • · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · • · · • • · · · · · · · · · · · · · · · · · · · · · · · · · · · • 
I Gr~ater I Surface I Vedose Air ISecli111entsl Surface I Plant I Animal 
!Source I Soi Is I Zone I I Water I Uptake I Uptake I 
l············l··················•·········•····················•··········•·········•········ · ·• · ··· ·····•········ · ·I 

!Stage JI ' Ill 
!Installation of 

110 
laonitoring wells 

I 
I 

Stage J J ' I 11 
I lnstal lat ion 

12 
jcluster (3 depths) 

I I ys i111eters 

I 
XIII I !Soil lorings 

I (5 aources> I Stage V 132 borings 
~ I 216·A·4 !Water Que\ ity lun~lecl every 5 feet 

I 216·A·21 j15 Ito water level. 

I 216·A·27 ISarrples 12163 sarrples 

I 216+5 I I 
I 216 · A·36A I !Soil Gas Survey for 

I I IVolati le Organic 

I I I Corrpounds 

I I ISO ft. grids 

!Stage V Stage V 

!Ephemeral !Seepage 

I overflows 16 
16 random !random 

I· ··········· I··················•·········•····················•··········•·········•··········•·········•· · · · · · · · · · I 
I !Stage JI, Ill I Stage JI, Ill !Stage V Stage V I I 
I IJnstal lat ion of IJnstal lat ion IEphemeraqseepage I I 

I IS I 1 I overflows 16 I I 
I linonitoring wells I cluster (3 depths) 16 random I random I I 

I I I lysimeter lsan~les lsarrples I I 

I I I I I I I 
I )(IV I !Soil Borings I I I I 
I (1 source) I Stage V 18 borings I I I I 
I 216 · A·6 !Water Quality jurrplecl every 5 feet I I I 

I 18 Ito water level. I · I I 
I ISarrples 1541 sarrples I I I 

I I I I I I 
I I jSoi l Gas Survey for I I I 
I I jVolati le Organic I I I 

I I jCorrpounds I I I 
I I I so ft. grids I I I 

I· ··········· I··············· · ··•···· · ·· · ·•················· · ··•··········•·········•··········•·· · ······• ·· ··· · · · · · 
I jStage II' Ill Stage II & Ill !Stage V Stage V 
I IJnstallation of IJnstallation IEphemeraL!Seepage 

I IS 11 I overflows 16 
I !monitoring wet ls jcluster (3 depths) 16 random I random 
I j lysimeter sa~les sa~les 

xv 
(1 source) Stage V 
216·A·28 !Water Quality 

18 
ISa~les 

I 
I 
I 
I 
I 

I 
!Soil Borings 
18 borings 
ls~lecl every 5 feet 
Ito water level. 
1541 sar~les 

I 
!Soil Gas Survey for 
!Volatile Organic 

I Corrpounds 

ISO ft. grids 

· · · · · ·······I· · ······ · · · ··· ·· ··•·· · ······• · ·· · · · ··· ·· ······ · · ·• · ·· ··· ····•· ··· ··· ··+······ · ·· ·• · ·· ·· ·· ··+·· · ···· · ·· I 

Notes A and B to this table define chronological stage implementation and source characterization activity ra ti onal e . 
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TABLE 2-13 Sl.affllary of S.,..:,ling Needs for the 200 Area Sources 

Notes A and B to this uble define chronological stage implementation and source characterizat i on act i vi ty rat i onal e . 

. .... .. . .... .. .................... . ............ .. ............ .... .... .... ........ .... .... .. .................... .. . .. ........ .. .. ...... . .... .. .. .......... . ...... .... .. .. .... .. .. ..... .. .... .... .......... . .. . ... .. 
200 W Area 

!Pathway •· • • • • • • • • • · • • • • · · · • · · • · • • • • • • • • · • • • • • • • • • • • • · · • · • • · • · · · · • · · · • • • • • • • · · • • • · • • • · · • · • · · · · · · · · · · · · · · · · · · · · • 
I Groundwater I Surface I Vadose Ai r !Sediments! Surface I Plent I Ani ma l 

!Source I Soi ls I Zone I I Weter I Upuk.e I Upta ke I 
l ·· ·· · ·······I·············· ; ·· · •····· · · · ·•·········· · ····· ····•··· · · ·· ·· · •· · ·· · ·· ·· • · ··· · ·· ··•· · -·· ··· •·· ······ · · I 

!Stage II & Ill I Stage II & 111 !Stage V IStege V 
pnsul lat ion of I pnsullation IEphemerel !Seepage 

16 I 12 loverflowsl6 random 
!cluster (3 depths>! !cluster (3 depths) 16 random sa~les 
l1110nitoring wells I llysilieters Sll'l'ples 

I I I 
I I !Soil lorings 

CS sources) I Stage V I 140 borings 
216·5 · 5 !Water Quality I l•~led every 5 feet 
216·S·6 127 I Ito water level. 
216 · S· 17 ISa~les I 12064 s.,..:,les 
216 · S·16P I I I 
216 · S· 160 I I !Soil Gas Survey for 

I I !Volatile Organic 

I I I C0111)0unds 

I I ISO ft. grids 

· · · ·········I······ · · · · · ··· · · ·· • · ··· · · · ··•··· ······ · ···· ·· ·· ··• ······· · · ·•· ·· · ··· ··•· ····· · · ·•·· ·· · ·· ··• · · ········ 
!Stage II & Ill Stage II & 111 !Stage V !Stage V 

I lnstal lat ion of I IJnstal lat ion !Ephemeral I Seepage 
IS 12 loverflowsl6 random 
!cluster (3 depths) !cluster (3 depths) 16 random lsa~ les 
!monitoring we l ls I lysimeters sa~les I 
I I I 

II I !So i l Borings I 
IC 4 sources) I Stage V 132 borings I 
I 216 · S· 1&2 11,,/eter Que li ty ls~led every 5 feet I I 
I 216 · S· 7 136 Ito water leve l . I I 
I 216 · S·3 IS•~ les 11651 S811l) l es I I 
I 216·S · 9 I I I I 
I I !Soil Gas Survey for I I 
I I !Volatile Organic I I 
I I I C 0111)0undS I I 
I I ISO ft. grids I I 
l · ·· · ·· ···· ··l·· · · ·· ··· ··· ···· · ·• · · · · ···· ·•···· · · ·· ···· · ······ · • ······ · ··· • ··· ··· ·· ·• ··· · ·· · ·· • ·· · ··· · ·· • ······ · ···I 
I !Stage 11 & Ill I I Stage 11 & Ill IStege V !Stage V I I 
I I lnstal lat i on of I I lnstal lat ion !Ephemeral I Seepage I I 
I IS I 11 I overflows 16 random I I 
I !cluster (3 depths) I I cluster (3 depths) 16 random sa~les I I 
I l1110nitoring wells I I lysimeter l•~les I I 
I I I I I I I 
I I I !Soil lorings I I I 
I Ill I Stege V I IS borings I I I 
IC1source)ll,,later0ua l ity I ls~ledevery5feet I I I 
I 216· 5·2D 136 I Ito water level. I I I 
I ISa~les I 1413 s~les I I I 
I I I I I I I 
I I I I Soi I Ges Survey for I I I 
I I I IVolati le Organi c I I I 
I I I IC~s I I I 
I I I I so ft . 11r i c1s I I I 
l ···· ·· · · · ···l······ · · ···· · ·····• · · ····· ··• · · ·· · · ····· ··· · ··· · · • ···· · ··· · · •·· ···· ·· · • ··· · ····· • ·········•· ·· ·· · ·· · ·I 
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I 
I 
I I 

I 
I 
I 

I 
I 
I 

- ~- ~------ --------- - - - - - -·-•.. ..... ...... .............. .. . -.................................. ... ...... .... .. ................ .... .. ... -. .. . . . . .• 
200 W Area 

jPath .. ay ··· ········· ······· · ········ ······················ ············· ···· · ····· ····· ··· ·· ··-· ··· ······· ···· ·· 
I Grou:-dvater I Surface I Vadose Air !Sediments! Surface I Plant I An ima l 
Source I Soi ls I Zone I I Water I Uptake I Uptake I 
· · ··· ······ · l·········· ···· · ·· ·•···· · ·· · ·•···· ·· ··············•··· ···· · ··• ·· ···· ·· ·• · ········•· · · ·· ····• ··· ·· · ···· I 

!Stage JI' Ill Stage JI, Ill !Stage V !Stage V I 
pnstallation of IJnstallation IEph-r1L1Seepage I 
15 12 loverflovsl6 random I 
!cluster (3 depths) !cluster (3 depths) 16 random sarrples I 
j1110nitoring wl ls I lysiaeters sarrples I 

I I I 
JV I !Soil lorings I 

(2 aourcn) I Stage V j 16 borings I 
216·S·4 !Water Duality js~led every 5 feet I 
216· S·21 123 Ito .. ater level. I 

ISarrples 1826 sarrples I 

I I I 
I !Soil Gas Survey for I 
I !Volatile Organ ic I 
I IC~unds I 
I 150 ft. grids I 

l ·· ··· · ······l············· · ·· · ·• · · · ·· · · · ·•······· · ······ ·· ·· · ·•·· · ··· ··· ·• · ········•···· ·· ···• · ·· ··· · · ·•· · · ·······I 
I !Stage JI, Ill I I Stage II, Ill !Stage V !Stage V I I I 
I IJnstal lat ion of I IJnstal lat ion IEph-raqseepage I I I 
I 15 I 11 loverflo..s16 random I I I 
I I cluster (3 depths) I !cluster (3 depths) 16 random lsarrples I I I 
I !moni toring wells I I lysimeter sarrples I I I I 
I I I I I I I I 
I V I I !Soil Borings I I I I 
I (1 source) I Stage V I 18 borings I I I I 
I 216 · U·11 !Weter Quality I lsarrpled every 5 feet I I I I 
I 123 I Ito .. ater level. I I I I 
I ISarrples I 1413 s~les I I I I 
I I I I I I I I 
I I I !Soil Gas Survey for I I I I 
I I I !Volatile Organic I I I I 
I I I lt~s I I I I 
I I I ISO ft. grids I I I I 
l · ··· · · · · · ·· · l·· ·· ·· · ·· ·· · · ·· · ··• · ········• ··· · · ········ · ····· · • ···· · · · · · · •··· · · ·· ··•· · ·· ··· ··• ···· · · · · ·• ········· · I 
I jStege II & Ill I I Stage II & Ill jStage V !Stage V I 
I l!nstal lat ion of I IJnstal lat ion jEph-rel !Seepage I 

15 I 11 joverflovs 16 random I 
!cluster (3 depths) I !cluster (3 depths) 16 random sarrples / 
!monitoring wells I jlysimeter jsarrples I 

I I I I I 
VI I I !Soil Borings I I 

(1 source) I Stage V I 18 borings I I 
216·U·3 !Water Quality I jsarrpled every 5 feet I I 

123 I Ito water level. I I 
ISarrples I 1413 sarrples I I 

I I I I I 
I I !Soil Gas Survey for I I 
I I !Volatile Organ ic I I 

I I IC~unds I I 
I I ISO ft . gr ids I I 

··· ·· ·· · ·· ·· I··· · · ··· · · · ··· · ··· • ··· · · · · ·· • ····· ········ · ··· ··· • ······· · ·· •··· · · · ·· ·• ··· · ·····• · · ······· ···· · · · · ·· I 

· 1 st•ge implement ation and source characterization activ i ty ra ti onale . Notes A and B to this tab l e define chronolog1ca u 
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TABLE 2-13 S1.a1111ary of Sanipll"41 Need, for the 200 Area Source, 

Notes A and B to th i s table define chronological stage 1apl ementa t1 on and source charac teri zat i on acti vity ra ti onale . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
200 W Area 

IPath1111y •............ ... ...... .... .... .. .. ....... ... .. .. ....... ...... .... .... .... ........... ... .. ... ..... ..... 
I 

I 
I 
I 
I 

Gr~ater 
Source 

I Surface I 
I Soils I 

Vedose 
Zone 

Air ISedi111ent,I Surface I Plant I Ani ma l 
I I Wa t er I Upt ake I Upt ake 

··· ····· ··· · I· ·· ·· ·· ·· · ···· ····•··· ·· · ·· ·•· · ·· ····· ····· ··· ···•········ ··•····· ····•····· · ···•·· -·· ·· ·•····· ····· 
I Stage 11 & 111 Stage II & 111 jStage V !Stage V I 
pnstal lat ion of I IJnstallation !Ephemeral ISttpage I 
15 I I, loverflowsl6 random I 
jcluster (3 depths>! !cluster (3 depths) 16 random sa~ les I 
jaonitoring wells I I lysl11eter s~les I 
I I I I 

VII I I !Soil lorings I 
(1 source) I Stage V I 18 bor ings I 
216 · Z· 1'2 !Water Qua lity I ls~led every 5 feet I 

123 I I to water level . I 
IS~les I 1413 s~les I 
I I I I 
I I !Soi l Gas Survey for I 
I I !Volati le Organic I 
I I IC~s I 
I I ISO ft. gri ds I 

.. . ••.•• •.•. I· •. . ••••••••• •. .. · •· ••••.• . ·• · •••• • ••••• . •.•• ••• ·• · •... .•• • · • .•. •.. .• ·•· ••• • ... . • .. .. . . ... • .. . ...... . 
jStage 11 & Il l Stage II & 111 !Stage V !Stage V 
pnstal lat ion of I lnstal lat ion !Ephemera l !Seepage 

IS 11 loverf lowsl 6 random 
!cluster (3 depths ) !cluster (3 depths) 16 random sa~ les 
linonitor ing we ll s I lys i111et er lsa~les 
I I I 

VIII I !Soi I Bor ings I 
( 1 source ) I Stage V 18 bor ings I 
216 ·U· 1&2 !Water Qual i ty ls~led every S feet I 

123 Ito water leve l . I 
IS~les 1413 s~les I 
I I I 
I !Soi l Gas Survey fo r I 
I !Volat i le Organ ic I 
I IC~unds I 
I ISO ft. gr ids I 

······ · · · ··· I···· ·· ········ ····•·· · ······• ······· ···· · ··· ···· ·•···· ···· · ·•········ ·•· ··· ··· ··•· ········• ········ · · 

IX 
(3 sources) 

216 ·U·4 
216·U· 4A 
216 ·U· 4B 

I Stage 11 l 111 

pnstalletion of 
IS 
!cluster (3 depths) 
laon i tor ing we ll s 

I 
I 
I Stage V 
!Weter Qua li ty 
123 
IS•~ les 

I 
I 
I 
I 
I 

Stage II & 111 !Stage V !Stage V 
I lnstal let ion IEphemera l lSeepege 

11 loverf lows l6 random 
!cluster (3 depths) 16 random js~les 
pys i111et er s~les I 
I I 
jSoil lor ings I 
112 borings I 
js~led every S feet I I 
Ito w•-ter leve l . I I 
1619 s~les I I 
I I I 
!Soi l Gas Survey for I I 
!Vo lati le Organic I I 
IC~lllds I I 
ISO ft . gri ds I I 

I·· · · · · · · · ·· l····· · ·········· · · • ······ · ·· • ·· · ·· ·· ·············•· ·· ·······• ·········•·········•···· · · · ··•·· · ·· · · · ··I 
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TABLE 2-13 
•... .. ....... ~ ••••••••.•.••••• ••....•..• . ..•••••.••••.•••••••••.. .. . . ....•••................................ . .... .. • 

200 W Area 

I Path11t1y • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · · • • · · · · - · · · • 
I Gr~eter I Surface I Vedose Air ISediaentsl Surface I Plant I Animal 

!Source I Soi ls I Zone I I Weter I Uptake I Uptake I 

I············ I·· ···········-····•·········•-··········· ·· ······•········ -·•······· ··•-··· ····-•------- --•·-- ·-· -·· -I 
!Stage 11 & II I I Stage II & 11 I !Stage V !Stage V I 
!Jnstel lat ion of I IJnstal lat ion !Ephemeral I Seepage I 
15 11 loverflowsl6 random I 
!cluster (3 depths) !cluster (3 depths) 16 random s~les I 
laonitoring wells I lysi•ter s~les I 
I I I 

I I !Soll lorfnes I 
(2 sources) I Stage V 1a borlnes I 
216· Z-7 !Water Ouel ity l•~led every 5 feet I 
216· Z·10 123 Ito water level. I 

ISlll!l)les 1413 s~les I 
I I I 
I !Soil Gas Survey for I 
I !Volatile Organic I 
I !Con-pounds I 
I ISO ft. grids I 

· · · · · · · · · · -·I-···· -· · · · · · · -· --·•- --· -· · -·•- · -· · · · · · · · · · · · · · · · ·• ---· -· ----• -· · · --· -·•· · · · · · · · ·•- --· · --· ·• --· · · -· --· I 
!Stage II & Ill I Stage II & Ill !Stage V !Stage V 

I lnstal lat ion of IJnstal let ion I Ephemeral I Seepage 

15 11 loverflowsl6 random 
!cluster (3 depths) !cluster (3 depths) 16 random ls~les 

!monitoring wells I lysimeter lsaflllles I 

I I I I 
XI I !Soil Borings I I 

(1 source) I Stage V 18 borings I I 

216 · T-19 !Weter Qua li ty lsa"l)led every 5 feet I I I 

123 Ito water level. I I I 
ISe"l)les 1413 sarrples I I I 

I I I I I 
I !Soil Gas Survey for I I I 

I IVolati le Organic I I I 

I IC~s I I I 
I ISO ft. grids I I I 

.• • --• -• ----1- ----.. --• ----. • -·•· -•. -... -•· .••••••••••• -•• ----•· ---• ---. -•- ---• ---·•-. -•.. --·•· . --...• -• - •• - - ••••• 

!Stage II & Ill Stage II & Ill !Stage V !Stage V 

IJnstal let ion of IJnst • l lation !Ephemeral I Seepage 

15 11 I overflows 16 random 
!cluster (3 depths) !cluster (3 depths) 16 random ls~les 

!monitoring wells llysimeter Hfll)les I 

I I I 
XII I !Soil Borings I 

(1 source) I Stage V 18 borings I 
216-T·7 !Weter Ouel ity l•~led every S feet I 

123 Ito water level. I 
ISlll!l)les 1413 •~Les I 
I I I 
I !Soil Gas Survey for I 

I !Volatile Organic I 

I IC~s I 
I ISO ft. grids I 

· -------···· I· ------------· · -· ·• · · -· --· · ·•- -----· · · · · · · --· ----•· · --· ---· ·• -· ------·• -· -------•- · · · --· --•· ---· -· · -· I 

Notes A and B to this table def i ne chronological stage implementat i on and source charac t er iz at i on ac ti vity rationale . 
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TABLE 2-13 S1.11111ary of S1111Pllng Needs for the 200 Are, Sources 

Notes A and B to this table define chronological stage i111plet1ent1tion and source characterizat i on act i vity rat iona le . 

•····· .................................. ...... .... .. .. .. .. ...... .. .... .. .... .. ...... .. .. .......... .. .. .... .. .... .. .... .... ....... .. .......... .. ..... .... ...... ............ .. ...... .. .... ...... ............. .. .. .... . . 
200 W Area 

IP1thw1y •·················· ····· ··· · ·· · ········ · ······· ··· · ·· ·· · ·· · · · · ····· ······ ·· ····· · ··· ·· · · ·· · ···· ······· • 
I GrC>l.ndwater I Surface I Vadose Ai r ISed i111entsl Surface I Plant I Animal I 
I Source I Soi ls I Zone I I Water I Uptake I Uptake I 

············I·· ········ · ·· · ··· ·•· · ···· ···•·········· ··· ·· · ····•······· · ··•··· · ·····•·· ·······•··~··· · ··•··· ··· ·· ·· I 
!Stage 11 & JI I Stage II & 111 !Stage V !Stage V 

IJnstallation of I Instil l1tion I Ephemeral I Seepage 
15 ,, loverflowsl6 random 
!cluster (3 depths) !cluster (3 depths) l6 random ls""'les 
laonitorine wells I lysi•ter s""'les I 
I I I 

XI II I !Soll lorings I 
(1 source) I Stage V l8 borings I 
216· T·2B I Weter Qual i ty ls"""led every 5 feetl I 

l23 Ito water level. I I 
ISa~les l413 s~les I I 
I I I I 
I !Soil Gas Survey for I I 
I !Volatile Organic I I 
I IC~s I I 
I l50 ft. grids I I 

... ... . .. . .. I· ... ....... .... . . ·• ...... .. ·•· ....... . .......... ·• ... . .. ... ·•· .. ...... • .. .... .. ·• ... . .. ... • ......... . 
!Stage II & Ill Stage II & Ill !Stage V !Stage V 
I lnstal lat ion of IJnstal lat ion I Ephemeral I Seepage 
l6 11 I overflows 16 random 
!cluster (3 depths) !cluster (3 depths) l6 random lsa~l es 

l1110nitor i ng we l ls llysimeter ls~les I 
I I I I 

XIV I I Soi I lorings I I 
(1 source) I Stage V IB borings I I 

216·T · 3 !Water Qua l ity ls~led every 5 feet I I 

127 Ito water leve l . I I 

ISlll'J)les l413 ''""Les I I 

I I I I 
I !Soil Gas Survey for I I 

I IVol1tile Organic I I 

I I COll'pOlrods I I 
I l50 ft. grids I I 

I· ···· · · · ··· · I·· : · ·· ·· · ·· ·· ··· ··•········ ·•····· · ··· · ··· ·······• ·· · ······ ·•······· · ·•·· ····· · ·• ·· · ·· ····• ·· · ······· I 
ISt1ge II & III Stage 11 & III !Stage V !Stage V 

flnst1l let i on of IJnstal l1tion I Ephemeral ISffPlge 
l6 l1 loverflowsl6 random 
lcluster (3 depths) !cluster (3 depths) l6 random ls"""les 

laonitoring wells I lysiNter ''""Les I 

I I I 
XV I !Soil lorings I 

1<2 aources) I Stage V l12 borings I 

I 216· T • 2 !Weter Qua l ity I s"""l ed every 5 feet I 

I 216·T·8 l27 Ito water level. I 

I IS""' l es l619 Slll'J) les I 

I I I I 
I I !Soil Gas Survey fo r I 

I I IVolati le Or gan i c I 

I I IC~s I 
I I ISO ft . grids I 
I· ·· ·· · · ··· ·· I· ·· · ·· · ·· ·· ·· ···· ·• · ·· ······•· ··· ·· ····· ·· ······ ·• ···· · · · · · · • · · · · · · · · ·• · · · · · · · · · • · · · · · · · · · • · · · · · · · · · · I 
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TABLE 2-14 5umiery ot s~11ne Nt-eOS ,or tne ~uu Area ~ources 

lotes A and a to this table define chronological stage implementation and source characterization activity rationale . 

-~•·· ····· · · · ·· ······ ······· · ········ · ············ · ··· ............... ............ .. .. .. .... ...................... .. ...................... .. ................. .... .. ..... .. . . 
300 Area 

1athway •... ........ ...... ................................ ...... ... .. ..... ... ...... ....... .... ...... ... ........• 
Gr°'6"tdwater I Surface I Yadose Ai r ISedi111entsl Surface I Plant I An imal 

j&urce I Soi ls I Zone I I Water I Uptake I Uptake I 

····· ······I ······ ·· ···· ·· ····•···· ··· ··•······ ··········· · ··•···· ··· ·· ·•·········•·· ········•··· ·~---•· ·· ···· ··· I 
!Stage II & Ill I Stage II & Ill !Stage V !Stage V 

pnstal lat ion of IJnstallation !Ephemeral I Seepage 

1a 11 toverflowsl4 random 
!cluster (2 depths) !cluster (3 depths) 14 random sa•~les 
laonitoring wells llysi•ter ls~les 

I I I 
I !Soil Borings I 

316· 1 I Stage V 112 borings I 
!Water Quality ls~led every 5 feet I 
124 Ito water level . I 
ISafll)les I 103 Hfll)les I 
I I I 
I !So i l Gas Survey for I 
I !Volatile Organic I 
I IC~ln:'ls I 
I ISO ft. grids I 

.. .... .. .... I· .. ...... . . ... ... ·• .. ...... ·• .... .. .. . .. . .. . .... ·• .. .. .... .. •· ... .. . . ·• .. . . ... . . ·• . ... . , ... • .. .. .. . .. . 

316·2 

!Stage II & Ill Stage II & Ill !Stage V !Stage V 

IJnstal lat i on of I IJnstal lat ion I Ephemera ti Seepage 

18 I 11 loverflows l4 random 
!cluster (2 depths) I !cluster (3 depths) 14 random lsarrp l es 
!mon i toring wet ls I I lysimeter safll) l es I 

Stage V 

!Water Qua li ty 

124 
ISafll) l es 

I 
I 
I 
I 
I 

I I I 
I !Soil Borings I 
I j 14 borings I 
I l•~led every 5 feet I 
I jto water level. I 
I 1120 s~les I 
I I I 
I jSoi l Gas Survey for I 
I jvo tati le Organic I 

I IC~unds I 
I ISO ft. grids I 

· · · · · · · · · · · · I····· · ··· ·· ···· · ··•··· ·· ·· ··• ··· ····· · ········· ··•·· ·· · ·· ···•····· ··· ·• · ··· · ·· · ··•· ·· · · · · · ·• · · · · · · · · · · I 
!Stage II & Ill Stage II & Ill !Stage V !Stage V 

IJnstal lat ion of IJnstal lat ion !Ephemeral !Seepage 

16 11 I overflows 14 random 
!cluster (2 depths) !cluster (3 depths) 14 random safll) les 
l111onitoring wells llysimeter l•~les 

I I I 
316·3 I !Soil Borings I 

I Stage V 112 borings I 
!Water Qua li ty I Sllll'pl ed every 5 feet I 
pa Ito water level. I 
ISafll) l es po3 Hll~les I 
I I I 
I !Soil Gas Survey for I 

I !Volatile Organ i c I 
I IC~ln:'ls I 
I ISO ft. grids I 

I· ·· · ···· ·· · · I· ·· ···· · ·· ···· ··· ·• ·· ···· · ··•··· ·· · · ······· · · · ··· • · · ···· ·· ··•·· · · ··· ··•·· · · · ·····• -····· · ·- • -······· ·· I 
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TABLE 2-15 Stage IV Confined Aquifer Drilling 

•······································· ................................................... _ .. . 
Pathway 1 

I AREA I GrOU'dwater I 
I··················•···· · ································································· I 
I 100 1/C I Installation of one IIIOl"litoring well to interbedded zone depth I 
I··················•······································································ I 
I 100 ICE/ICW I lnstal lat ion of one IIIOl"litoring well to interbedded zone depth I 
I··················•··············.························································ I 
I 100 D/DR I Installation of one monitoring well to interbedded zone depth I 
I······ ··· ·········•···· · ································································ · I 
I 100 H I Installation of one monitoring well to interbedded zone depth I 
I··················•······ ·· ···························· ···· ·········· · ············ · · · · · · · I 
I 100 F I Installation of one monitoring well to interbedded zone depth I 
l··················+························································· ·············I 
I 200 East I Installation of one monitoring well to inter-bedded zone depth I 
I·········· · ·······+······························································· · · · · · · · I 
I 200 West I Installation of one monitoring well to interbedded zone depth I 
l················ · ·+···· ·· ··································· ···· ··············· ·· ··· · ····I 
I 300 I Installation of one monitoring well to interbedded zone depth I 
•-···· .. ···· .. ··· .. ··· ... -.................... ..... ................................................................ . 

I 
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TARLE 2-16 S1.1111111ry of the COll'plete S8111)ling Needs of the 100, 200, 300 Areas 

•..............................................................................................• 
STAGE 100 200 300 

Area Area Area 

I···········•+··················+····················+····················+···················· I 
I I I No S8111)l ing I No S8111)l ing I No S8111)l ing I 
I Stage 1 I I r~i red at I r~i red at I required at I 
I I !this stage !this stage !this stage I 
I I I I I I 
I············•··················•····················•····················•···················· I 
I IGrcx.r,dwater 1110 clusters 1175 clusters 122 clusters I 
I Stage 11 I I I I 

I ' l··················•··············· · ····•· ··· · ···············•·········· · ······· · ·I 
I St151e Ill IVadose Zone 124 clusters 136 clusters 13 clusters I 
I I I I I I 
I !Soil Borings 1255 soil borings 1342 soil borings 138 soil borings I 
I············•··················•· ···················•····················•···················· I 
I Stage IV IGrou--dwater IS 1110nitoring wells 12 1110nitoring wells 11 1110nitoring well I 
I I I I I I 
I············•··················•····················•····················•····················· I 
I !Sediments 188 random s•~les 1180 random S8111)les 112 random s•~les I 
I StageV l········· ·· ·······•····················•····················•····················I 
I !Surface Water 188 s~les 1180 s~les 112 random sa~les I 
................. . ...................................................................................................................................... 
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Draft September 3, 1987 

Table 2-15 is a Stage IV summary table for well monitoring of 
the confined aquifer for the three CERCLA areas of the Hanford ~eservation. 

2.5 VERIFICATION OF COMPLIANCE OF CHARACTERIZATION METHODS WITH 
ENVIRONMENTAL REGULATIONS. 

The characterization methods outlined in this document are based on 
Guidance on Remedial Investigations and Feasibility Studies Under CERCLA 
(EPA/540/G-85/002and 003). These methods must enable the determination of 
the nature and extent of the contamination, and provide information 
necessary to aid in the evaluation of a remedial alternative. 

The levels of contamination which trigger the need for possible 
remediation are determined from the applicable or relevant and appropriate 
regulatory requirements (ARARS). These requirements are summarized in 
Tables 2-17 and 2-18. The type and frequency of sampling is given in 40 CFR 
264.90 and 40 CFR 141. The regulatory limits are included in the Washington 
Annotated Code as Washington Department of Ecology Regulations. 

The analysis of the samples collected as part of the characterization 
must be analyzed using acceptable techniquies and methods. Table 2-19 
identifies accepted methods for analysis of the samples. 

Since the characterization has been based on the EPA guidance for 
CERCLA sites, and is consistant with the applicable and appropriate relevant 
regulations, the characterization methods are in compliance with the 
regulatory requirements. 

2.6 ENGINEERING ALTERNATIVES FOR REMEDIATING CERCLA SITES 

The purpose of this section is to evaluate the available remedial 
action technologies that have been applied to the cleanup of radioactive and 
hazardous wastes and to select a number of technologies that are most appli
cable to the problems associated with the 81 Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA) sites at Hanford. This 
selection will enable a comparison of the technical feasibility and unit 
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TABLE 2-17. SELECTED APPLICABLE OR RELEVANT AND APPROPRIATE 
AMBIENT REQUIREMENTS 

r 

Arsenic 
Barium 
Benxene 
Cadmium 

Chemical 

Carbon monoxide 

Carbon tetrachloride 
Chlorophenoxys 

2,4-Dichlorophenoxyacetic 
acid (2,4-0) 

2,4,5-Trichlorophenoxy-propionic 
acid (2,4,5-TP) 

Chromium VI (hexavalent) 
p-Dichlorobenzene 
1,2-Dichloroethane 
1,1-Dichloroethylene 
Endrin 
Fluoride 
Lindane (99% gamma-HCCH) 
Hydrocarbons (non-methane) 
Lead 
Mercury 
Methoxychlor 
Nitrate ( as N) 
Nitrogen dioxide 
Ozone 
Particulate Matter 

Radionuclides 
Radium-226 and 228 
Gross alpha activity 
Tritium 
Strontium-90 
Other man-made radionuclides 

Selenium 
Silver 
Sulfur oxides 

Toxaphene 
1,1 , 1-Trichloroethane 

Safe Drinking 
Water Act 

MCLs .Q/ 
(mg/1) 

0.05 
1.0 

0.01 

0 . 1 
0. 01 

0.05 

0.0002 
1.4 - 2.4 
0.004 

0.05 
0.002 
0 . 1 

10.0 

5 pCi/1 
15 pCi/1 

20,000 pCi/1 
8 pCi/1 

bl 
0.01 
0.05 

0.005 

Safe Drinking_ 
Water Act 
MCLGs rJ 

(mg/1) -,.. C 

0 

0 

0.75 
0 
0.007 

0.2 

Clean Ai r Act 
NAAQS 

(ug/m3 ) 

40 ,000 (I-hour) g/ 
10,000 (8-hour) g/ 

160 (3-hour) g/ 
1. 5 (90-day) g/ 

100 (I-year) fj 
235 (I-hour ) Q/ 
260 (24 -ho ur) Q/ 

75 (I-year) g/ 

365 (24 -hour) Q/ 
• 80 (I -year) f/ 



TABLE 2-17 . SELECTED APPLICABLE OR RELEVANT AND APPROPRIATE 
AMBIENT REQUIREMENTS (Continued) 

Chemical 

Trichloroethylene 
Trihalomethanes (total) ii 
Vinyl chloride 

Safe Drinking 
Water Act 

MCLs Q/ 
(mg/1) 

0.1 

Safe Drinking_ 
Water Act 
MCLGs y 

(mg/1) ..,_ ~ 

0 

0 

Clean Air Ac t 
NAAQS 

(ug/m3) 

y Federal ambient water quality criteria (see Exhibit 4-6) and state 
environmental standards are also ARARS. 

Q/ EPA has also proposed MCLS for eight volatile organic chemicals: 
trichloroethylene, carbon tetrachloride, 1,1,1-trichloroethane, vinyl 
chloride, 1,2-dichloroethane, benzene, 1,1-dichlorethylene, and p
dichlorobenzene (SO Federal Register 46902 -46933, November 13, 1985). 

y EPA has also proposed MCLGs for 40 additional chemicals. Refer to 
Exhibit 4-7 for the proposed MCLG values. 

Q/ Maximum concentration not to be exceeded more than once per year. 

y Three-month arithmetic mean concentration. 

fl Annual arithmetic mean concentration. 

g/ Annual geometric mean concentration. 

hi Radionuclides in drinking water are limited to activity levels 
corresponding to a total body or any internal organ dose of 4 millirem/year , 
summed over all radionuclides present. 

ii Total trihalomethanes refers to the sum concentration of chloroform, 
bromodichlormethane , dibromochloromethane, and bromoform . 
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TABLE 2-18 • EPA lff3IENT lw\TER ciw,.ITY (\IQ:} RR PRITECTIOO CF ~ l-£AI.. TH 

Chsrrical 

Pcenapthene 
Pcrolein 
Pcrylooitrile* 
Aldrin* 
Mt iITDn_yA-
Arsenic* 
Asbestos 
Benzene* 
Benzidine* 
Beryll illlT"' 
CmilllT"' 
Carbon tetrachloride* 
Chlordane* 
Chlorinated benzenes 

Hexachlorobenzene* 
1,2,4,5-Tetrachlorobenzene* 
Pentachlorobenzene* 
Trichlorobenzene* 
fotlnochlorobenzene* 

Chlorinated ethanes 
1,2-Dichloroethane* 
1,1,1-Trichloroethane* 
1,1,2-Trichloroethane* 
1,1,2,2-Tetrachloroethane* 
JJexachloroethane* 

WJ: (Coocentratioos in Paren~ 
Correspord to Midpoint of Risk Rarge 
for Potential Carcinogens Qily) sf 

h:f.Jatic Organisms 
arx:t Drinking Water 

20 t.g/1 (Organoleptic) c/ 
320 t.g/1 
0 (58 fY:V'l} 
0 (0.074 fY:V'l) 
146 uyl 
0 (2.2 fY:V'l) 
0 (30,CXX) fibers/I) 
0 (0.66 t.g/1) 
0 (0 .12 fY:V'l) 
0 (3.7 fY:V'l) 
10 uyl 
0 (0.4 uyl) 
0 (0.46 fY:V'l) 

0 (0.72 rg/1} 
38 Lg/I 

74 l1:lll 
Insufficient data 
400 uyl 

0 (0.94 uyl) 
18.4 rrg/1 
0 (0.6 uyl) 
0 (0.17 uyl) 
0 (1.9 l1:lll) 
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A:jjusted for Drinking 
Water Qily QI 

20 t.g/1 (Organoleptic) 
540 t.g/1 
0 ( 63 fY:V'l) 
0 (1.2 fY:V'l) 
146 uyl 
(25 fY:V'l) 
(30,CXX) fibers/I) 
0 (0.67 uyl) 
0 (0.15 fY:V'l) 
0 (3.9 fY:V'l) 
10 uyl 
0 (0.42 uyl) 
0 (22 fY:V'l) 

0 (21 ng/1) 
100 l1:lll 
57011:¥1 
Insufficient data 
400 l1:lll 

0 (0.94 uyl) 
19 rrg/1 
0 (0.6 uyl) 
0 (0.17 uyl) 
0 (2.4 l1:lll) 



TABLE 2-18 .• EPA PH3IENT ~TIR (J.W..ITY {\,Q:) FCR PR>TECTI~ CX: ~ .alH 

{aJITitUD) 

r 

Chsnical 

ftb'lochloroethane* 
1,1-Dichlorethane* 
l,1,1,2-Tetrachlorethane 
Pentachloroethane 

Chlorinated naphthalenes 
Chlorinated phenols 

3-M:>noch l oropheno l 
4-M:>noch l oropheno l 
2,3-Dichlorophenol 
2,5-Dichlorophenol 
2,6-Dichlorophenol 
3,4-Dichlorophenol 
2,3,4,6-Tetyrachlorophenol* 
2,4,5-Trichlorophenol* 
2,4,6-Trichlorophenol* 
2-flethyl-4-chlorophenol 
3-flethyl-4-chlorophenol 
3-~thyl-6-chlorophenol 

Ch 1 oroa 1 ky l ethers 
bis-{Chlorarethyl) ether« 
bis-(2-Chloroethyl) ether« 
bis-(2-Chloroisopropy) ether 

Chlorofoml"" 
2-Ch l oropheno 1 

\,Q: {Coocentrations in Parentheses 
Correspa-d to Midpoint of Risk~ 
for Potential Carcinogens Oily) sf 

PqJatic Organisms 
arx! Drinking Water 

Insufficient data 
Insufficient data . 
Insufficient data 
Insufficient data 
Insufficient data 

0.1 ug/1 (Organoleptic) 
0.1 ug/1 (Organoleptic) 
0.04 ug/1 (Organoleptic) 
0.5 ug/1 (Organoleptic) 
0.2 ug/1 {Organoleptic) 
0.3 ug/1 (Organoleptic) 
1.0 ug/1 (Organoleptic) 
2600 ug/1 
0 {1.2 ug/1) 
18Xl ug/1 {Organoleptic) 
300) ug/1 {Organoleptic) 
20 ug/1 {Organoleptic) 

0 {0.0038 rg/1) 
0 {30 ng/1) 
34.7 ug/1 
0 {0.19 ug/1) 
0.1 ug/1 {Organoleptic) 
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lidjusted for Drinking 
Water Oily Q/ 

Insufficient data 
Insufficient data 
Insufficient data 
Insufficient ·data 
Insufficient data 

0.1 ug/1 (Organoleptic) 
0.1 ug/1 (Organoleptic) 
0.04 ug/1 (Organoleptic) 
0.5 ug/1 (Organoleptic) 
0.2 ug/1 {Organoleptic) 
0.3 ug/1 (Organoleptic) 
1.0 ug/1 (Organoleptic) 
2600 ug/1 
0 {1.8 ug/1) 
18Xl ug/1 {Organoleptic) 
300) ug/1 {Organoleptic) 
20 ug/1 {Organoleptic) 

0 (0.0039 rg/1) 
0 {30 rg/1) 
34.7 ug/1 
0 {0.19 ug/1) 
0.1 ug/1 {Organoleptic) 



TABLE 2-1&. EPA N-BIENT \w\TER Q.W..ITY (\IQ:) Fffi PfOTECTI0-4 ~ ~ I-EAl..lH 
(ClNTIKJED) 

r 

Olenical 

Oirani un Cr-H5* 
Crt3* 

Copper« 
Cyanide* 
CDT* 
Di ch l orobenzenes* ( a 11 i sarers) 
Dichlorobenzidines 
Dichloroethylenes 

1,1-Dichloroethylene* 
1,2-Dichloroethylene 

Dichloratethane* 
2,4-Dichlorophenol* 
Dichloropropanes/Dichloropropenes 

Di ch 1 oropropanes 
Di ch 1 oropropenes 

Dieldrin* 
2,4-Dill'Slthylphenol 
2,4-Dinitrotoluene* 
1,2-Diphenylhydrazine* 
Errlosulfan* 
Erxfrin 
Ethylbenzene* 
Fl ooranthene 
Haloethers 
Halarethanes 

W'.): (Coocentratioos in Parentheses 
Correspcn:1 to Midpoint of Risk Rarge 
for Potential Carcinogens Olly) j/ 

lq.iatic Organisms 
ard Drinki~ Water 

50 ll;;l/1 
170 rrg/1 
1 rrg/1 ( 0rgano l ept i c) 
200 ll;;l/1 
0 (0.024 rg/1) 
400 ll;;l/1 
0 (10.3 rg/1) 

0 (33 rg/1) 
Insufficient data 
See Halarethanes 
3.09 rrg/1 

Insufficient data 
87 uyl 
0 (0.071 rg/1) 
400 uyl (Organoleptic) 
0 (0.11 uyl) 
0 (42 rg/1) 
74 uyl 
1 ll;;l/1 
1.4 rrg/1 
42 ll;;l/1 
Insufficient data 
0 (0.19 lQ/1) 
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Pd.justed for Drinki~ 
Water o, ly g/ 

50 ll;;l/1 
179 rrg/1 

200 ll;;l/1 
0 (> 1.2 rg/1) 
470 ll;;l/1 
0 (20.7 rg/1) 

0 (33 rg/1) 
Insufficient data 
See Ha 1 arethanes 
3.09 rrg/1 

Insufficient data 
87 uyl 
0 (I.I rg/1) 
400 ll;;l/1 (Organoleptic) 
0 (0.11 uyl) 
0 (46 rg/1) 
138 uyl 
1 ll;;l/1 
2.4 rrg/1 
la:3 ll;;l/1 
Insufficient data 
0 (0.19 ll;;l/1) 



TABLE 2-18 EPA ltBIENT WffER (J.W..IlY ~) Fffi PRJTECTI~ Cf~ IDl..lH 

(<DmN.ID) 

Oanical 

~tachlor« 
Hexachlo~iene* 
Hexach 1 onx:yc 1 ohexanes (Klli) 

a 1 pha-tmi"' 
beta-tmi"' 
ganna-tmi"' 
delta-H:Oi 
epsiloo-H:Oi 
TedYli ca 1-H:Oi 

1-ecachlonx:yclopen~iene* 
lsqlhorooe* 
Lead"' 
Mercury't 

Naphtha 1 ene 
Nickel* 
Nitrobenzene* 
Ni tropheno 1 s 

2,4-Dinitro-o-cresol 
Dini tyWheno l * 
M:mlitropheno l 
Trinitrophenol 

Ni trosalri nes 
n-Ni trosoditrethy l ani ne* 
· n-Ni trosodi ethy 1 ani ne* 
n-Nitrosodi-n-butylanine* 

~ (CoocentratiCllS in Parentheses 
r.orrespcm to Mi~int of Risk~ 
for Potential Carcinogens Olly) ~ 

lq.Jat1c ()'gan1sms 
ard Drinkirg Water 

0 (0.28 JQII) 
0 (0.45 uyl) 

0 (9.2 JQII) 
0 (16.3 JQII) 
0 12.3 rrJ/l) 
Insufficient data 
Insufficient data 
0 (5.2 rrJ/1) 
ax; UJ/l 
5.2 ng/1 

50 UJ/l 
144 rrJ/l 
Insufficient data 
13.4 uy1 
19.8 ng/1 

13.4 UJ/l 
70 LQ/1 
Insufficient Data 
Insufficient data 

0 (1.4 rrJ/l} 
0 (0.8 rg/1} 
0 (6.4 rg/1} 
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/tdjusta::1 for Drinkirg 
Water Olly .b/ 

0 (11 rrJ/l) 
0 (0.45 UJ/1) 

0 (13 rrJ/l) 
0 (23.2 rrJ/1) 
0 (17 .4 rrJ/1) 
Insufficient data 
Insufficient data 
0 (7.4 rrJ/1} 
ax; ll:f/1 
5.2 ng/1 

50 UJ/l 
10 UJ/l 
Insufficient data 
15.4 UJ/l 
19.8 ng/1 

13.6 LQ/1 
70 UJ/l 
Insufficient Data 
Insufficient data 

0 (1.4 rg/1) 

0 (0.8 rrJ/1} 
0 (6.4 rg/1) 



TABLE 2-18 • EPA fffiIENT WI\TER Q.W.ITY (~) RR PIDTECTI~ ~ ~ 1£AL 1H 
(ClMINJED) 

Cherri cal 

n-Ni trosodi pheny 1 ani ne 
n-Nitrosop,Yn"Olidine* 

Pentachlorophenol* 
Phenol* 
Phthalate esters 

DinEthylphthalate 
Diethylphthalate* 
Oibutylphthalate* 
Oi-2-ethylhexylphthalate* 

Polychlorinated biphenyls (PCBs)* 
Pol_y11yuclear araratic hydrocaroons 

(PAYs)* 
Selenid 
Silver""' 
2,3,7,8-Tal)lt 
Tetrachloroethylene* 
Thall id 
Toluene* 
Taxaphene* 
Tri ch 1 oroethy 1 ene* 
Vinyl chloride* 
Zinc* 

~ (Coocentratioos in Parentheses 
Con-espad to Midpoint of Risk Rarge 
for Potential Carcinogens Oily) sf 

Pq.Jatic Organisms 
arx1 Drinki~ Water 

0 (4.9 lJ:v'l) 
0 (16 rYJ/1) 

1.01 rrg/1 
3.5 rrg/1 

313 rrg/1 
350 rrg/1 
34 ng/1 
15 rrg/1 
0 (0.079 rYJ,11) 
0 (2.8 rYJ,11) 

10 lJ:v'l 
50 lJ:v'l 
0 (O.CXXX:>13 ng/1) 
0 (0.8 Lg/1) 
13 lJ:v'l 
14.3 rrg/1 
0 (0.71 rYJ/1) 
0 (2.7 lJ:v'l) 
0 (2.0 lJ:v'l) 
5 rrg/1 (Organoleptic) 

hjjusted for Drinki~ 
Water Oily QI' 

0 (7.0 lJ:v'l) 
0 (16 rYJ/1) 

1.01 rrg/1 
3.5 rrg/1 

350 rrg/1 
434 ng/1 
44 ng/1 
21 ng/1 
0 (> 12.6 rYJ,11) 
0 (3.1 rYJ/1) 

10 Lg/1 
50 Lg/1 
0 (0.00018 ng/1) 
0 (0.88 ug/1) 
17.8 ug/1 
15 rrg/1 
0 (26 rYJ/1) 
0 (2.8 lJ:v'l) 
0 (2.0 U:v'l) 
5 ng/1 (Organoleptic) 

* Toxicity values necessary for risk characterization are given in Pweooix A. 
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J/ The criteriCl'I value, "1ich is zero for all potential carcinogens, is listed 
for all chenicals in the table. The cxn::entratiCl'I value given in parentheses for 
potential carcinogens ccrrespcn1s to a risk of 10-6, Wlich is the mi~int of the -
rarge of 10-5 to 10-7 given in water q..iality criteria OOClll'B"lts. To obtain 
cat:entratiCl'IS correspcrdirr:J to risks of 10-5, the 10-6 c:oocentratiCl'IS should ti ~· · 

.-11Jltiplied by 10. To obtain cxn::entratiCl'IS correspcrdirr:i to risks of 10-7, 
the io-6 cooc:entratCl'IS should be divi~ by 10. 

bl These adjusted criteria, for drinkirr:i water irgestiCl'I Cl'lly, were derived 
fran plblished EPA amient water q.Jality criteria (45 Federal Register 79318-79379, 
ttwemer 28, 158>} for carbined fish aro drinkirr:i water irgestiCl'I aoo for fish 
i~tiCl'I alaie. The adjusted values are not official EPA amient water q.Jal ity 
aiteria, tlJt lliO' be appropriate for Sl4>erflld sites with cootaninated gro.n:f 

water. In the derivatiCl'I of these values, intake was asSUTE!CI to be 2 liters/day 
for drinkirr:i water ard 6.5 grans/da.Y for dish, ard turan txxty weig1t was assllled to 
be 70 kilograns. Values for biocmcentratoo factor, carciOOJE!nic potency, ard 
acceptable daily intake were those used for water q.Jality criteria devel~t. 

~ Criteria desigtiated as organoleptic are based Cl'I taste ard cmr effects, 
not tunan health effects. 1-Ealth-based water (J.lality criteria are not available 
for these chemica 1 s. 
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TABLE 2-19. ACCEPTED METHODS FOR ANALYSIS OF SAMPLES 

Type of Sample 

Groundwater 

Surface Water 

Air 

Method of Analysis 

Method listed in Appendix IX 
to 40 CFR 264.98 and to 40 
CFR 264.99 
(52 FR 25946) 

Methods listed in Appendix A 
to 40 CFR 136 .3 

Methods listed in Appendix B 
to 40 CFR 61 
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Draft September 3, 1987 

costs of these technologies to evaluate their applicability to the sites at 
Hanford. The objective is to identify at least two remedial action alterna
tives (one a removal alternative, and one an in-place alternative) for each 
site that, based on the data available, have a high probability for applica
tion to the site problem. 

2.6 . 1 Methodology of the Remedial Action Selection Process 

The actual selection of a remedial action will be made as a part of The 
Remedial Investigation/Feasibility Study (RI/FS) performed for the site. In 
this effort, it is necessary to identify reasonable alternatives to allow 
the estimation of the cost and schedule for remediation of each site. 

Selection of appropriate remedial actions for the 81 sites is 
dependent upon the following information: 

o Physical site conditions 
o Volume and types of wastes disposed 
o Fate and transport mechanisms for the wastes 
o Previous applications (and scale) of the remedial technology 
o Technical feasibility of the technology for the waste type and 

site conditions in terms of effectiveness, reliability, and state 
of development 

o Applicable environmental regulations 
o Cost 

The basic sequence for selecting the most applicable remedial 
technologies is illustrated in Figure 2-21. The first two tasks, done 
simultaneously, are the definition of the area, volume, form, and matrix of 
contaminated materials at each site and the identification of a list of 
potential remedial technologies. 

2.6.1.1 Site Conditions and Waste Disposed 

Definition of the problem at each site included summarizing the 
following information: 
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Define area, volume, form and 
matrix of contaminated 
materials at each site 

Identify potential R.A. 
technologies 

Screening/selection the most 
likely technologies for the 
Hanford sites 

l 
Literature search, expert 
review and ranking of most 
likely R.A. technologies 

l 
Selection of final list 
of applicable R.A. 
technologies 

l 
Identification of most 
likely technology for 
each specific site 

FIGURE 2-21 

REMEDIATION TECHNOLOGY SELECTION SEQUENCE 
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o Type of disposal unit 
o Proximal location 
o Radionuclides disposed and their solubility 
o Other wastes disposed, including salts 
o Depth of wastes 
o Depth to groundwater 
o Volume of liquid wastes disposed 
o Calculated field capacity for the soil column 

This information is presented in Columns 1-15 of Table 2-20. 

2.6.1 . 2 Pathways and Fate of Pollutants 

Since selection of remedial technologies is primarily dependent on 
knowing how much contaminated material there is, and where it is, 
calculations or assumptions on the following pathways or fates were made for 
each site. 

o Soil attenuation - This is used to determine the probable fate of 
heavy metals and nonsoluble radionuclides . It is assumed that 
unless very high rates of water were applied to the site or acid 
solutions were disposed of at the sit~, most of these elements 
would adsorb to soil particles within a 20-foot depth below the 
point of application. 

o Downward migration - It has been assumed that the more soluble 
radionuclides such as tritium or cesium and salts such as nitrates 
or sulfates woul9 have migrated through the soil column to 
groundwater in the time period since the sites were closed. It 
should be noted, however, that some active sites releasing these 
elements to the soil column may be near CERCLA sites. 

o Radionuclide uptake - An analysis was made of the potential for 
plant root uptake at each site. Maximum root penetration was 
assumed to be 40 feet. 
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Column No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13-15 

KEY TO TABLE 2-20 

POTENTIAL REMEDIAL ACTION ALTERNATIVES - CERC LA SITES 

Title 

Site number 

Type 

Proximal location 

HRS score 

Total curies disposed 

Total of H, C, Ru , Eu 

Total of Cs, Sr 

Total of al 1 else 

Other waste disposed 

Depth to waste 

Depth to groundwater 

Volume disposed 

Field capacity 
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Explanation 

Site ID number from Phase 
II report 

Type of disposal unit 

0 - site is within 500' 
of another site 

1 - continuous sites 

Not m HRS score 

Total disposed curies of 
H-3, C-14, Ru-106, Eu-154, 
Eu-155 

Total disposed curies of 
cesium and strontium 

Total disposed curies of 
all other radionuclides 

See index at bottom of 
table 

Depth to point of appli
cation 

These 3 columns are an 
estimate of the potential 
for the liquids disposed 
at each site to be either 
still in the soil column 
(0) or have probably 
entered the groundwater 
(X). Three different field 
capacities (FC = 0.05, 0.1 
and 0.25) were used to 
cover the expected porosity 
ranges in the Hanford soils . 



Column No. 

16 

17 

18 

19 

20 

21-26 

KEY TO TABLE 2-20 (Continued) 

POTENTIAL REMEDIAL ACTION ALTERNAT IVES - CERCLA SITES 

Title 

Soil attenuation 

Downward migration 

Radionuclide uptake 

Groundwater release 

Surface erosion 

Potentially feasible 
remedial action 
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Explanation 

X - highly likely that 
significant amounts of 
radionuclides are ad
sorbed in soil column 
at less than 20' depth 

0 - highly likely that 
other metals (Hg, Cr, etc.) 
are stored in shallow depth 
of soil column 

X - soluble radionuclides 
in excess of 1.0 curie 
applied to site 

0 - less than 1.0 curie 
of soluble radionuclides 
applied to site 

X - more than 1.0 curie of 
radionuclides stored in 
top 20' of soil 

0 - potentially either 
less than 1.0 curie in 
top 20' of soil or more 
than 1.0 curie in the 
soil but at depths be
tween 20' and 40' deep 

X - groundwater contamina
tion highly likely because 
FC/WV is less than 1.0 

0 - potential groundwater 
contamination due to readily 
soluble contaminants, high 
volumes (more than 10 million 
liters) of disposed liquids 
or FC/WV less than 10 

0 - waste is less than 10' 
below the surface thus 
potentially subject to 
erosion 

X - feasible for that site 



TABLE 2-20 . POTENT IAL REMEDI AL ACTION ALTERNATIVES (Continued) 

llanford lrwctlw W.te ltte ltuit, , 

·· ·· ······ -·-· ·--· ···· ···· ·· ·· ········· ··· ······ ······ ··· ······ ·· ···· ··· ······ ····· ··· ····· ····· ········ ··- ·· ····· ·· ···· ·· ····- ·· ·· ····· 
f A T E 0, co•ra111•••r• 

V-eatet lon Groinl· Depth to Depth to Yoh- field field field 

Soll D-rd Uptelte of llatar SUrfac:a llatta ., DlllflOHd Capac ity Capacity Capacity 

Itta No . Attenuat Ion Nl1r atlon ladloru: l ldH .. , .... Erro. lon '"' fNt Clltar•) C,C-0.05) (fC-0 . 1) C,C-0.25) 

· ··•···· ····· ··· ····· ··· ···· ·· ·· ··············· ·· ··· ····· ·· ···· ·····•• r••· ····· ·••···· •· •• ·· •·····•··· ··•·· ·••· ····•·•··· ···•· •••· ·• ··• • 
N ,,, ... , 0 JI 0 JI 20 41 6, 000,000 JI JI JI 
I 

"' l 116·1· 4 JI 0 0 20 71 300,000 0 
u, J 116· C·1 JI JI 0 JI 25 41 100, 000,000 • JI • 

4 116· C·Z 0 JI 0 20 94 l,500,000 JI 0 

' 116·D· 11 0 0 0 JI 15 SJ 1 ,000 ,000 JI JI • 
' 116·Dl · 1 • • 0 • 20 " 40,000,000 JI • • 
1 116·Dl · 2 • JI 0 JI 20 " 40 , 000, 000 • • • 
I 116·Dl·6 0 JI 10 83 7, 000, 000 JI JI • , 116·Dl · 7 0 10 7J 4,000 

11 116+1 0 JI JI JI 10 1J 1, 000, 000, 000 JI • • 
11 116+ 2 0 JI JI JI 15 35 60 , 000,000 JI JI • 
12 116+3 0 JI 0 I 37 4,000, 000 JI JI • 
1J 116·f · 6 0 JI JI 10 36 100, 000 
14 116· • ·• 0 JI 0 JI 10 50 300, 000, 000 JI JI JI 

15 116+10 0 0 0 JI 10 31 400,000 JI JI JI 

1, 116· N· 1 JI JI JI JI 15 42 90,000, 000 • JI JI 

17 116· N· 2 0 0 0 • 0 6 42 600, 000, 000 JI JI JI 

11 116· • ·3 0 0 0 • 15 42 400, 000 JI JI JI 

1, 100 u•1 JI 0 4 61 D 
20 100 u•2 JI 0 J 61 0 
21 100 l\1*1 ll 0 4 n D 
ll 100 l\1*2 • 0 3 n D 
Zl 116· 1C · I • • 0 • 30 50 40 , 000, 000 • • • 
24 116 ·1C · 2 • • 0 • 20 34 300,000 , 000, 000 • • • 
25 116·1E· 2 • • 0 • 32 68 3 , 000,000 • • • 



TABLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued) 

1181,ford 1,-tlft IINte llte Study. 
··· ·· ···· ···················· ········· ······························· ···· ·I 

···· ···· ···· ······· ·· ·· ··· ··· ··· -···· ···- ····· ··· ·· ···· ·· ·····-- ···--··· ··--·-·· ··· ·· ·· ·· ·· ··· ·· ····· Cap,l'C- lrout • ln· lollltlen llln• I 
Proal•l Total "",c Piece v/ tne I a, a-tten I 
Locatlcn ., Curln Total of Total of Total of Other IINtN ,c ln·lltu Vlt · Recowry/ I lo Actlen I 

II ta ·!kt. Type (C,OO• > Score Dhpoaed (1) N,C,Ru,Eu Ce,Sr All EIH Dlepoaed (2) Nonltorlne llcnltort,.. rlflcatlcn Treatant 11.-.t I 
··· ··· ······ ········· ·· ····· ······· ··· ······· ····· ······ ··· ··················· ········· ······ ······· -· ····· ········ ··· ·· ·· ······· ······· ··· ······ ·· ·· ·· ······ ··· ···············I 

' 116·1· 1 Trendl 0 42.12 1.95 1.45 O. Ja 0.1] • • I 
z 116·1 · 4 Fr. Drain 44 . 55 4.]] 0.00 0.00 4 .]] 1,2 • • • I 
J 116-C-1 Trench 0 42 . ]2 329.58 211.96 7.46 108.17 1 • • • • I 
4 116·C·2 Crib 42 . 32 1.3] o.n 0 .911 0.01 1,2 II • • I 

I 
s 116-D· 11 Trend! 

I 
42.JZ 1.48 0.73 0.68 o.oe 1,J II • I 

6 116-Dl · I Trench 42.JZ 21 . 57 6.92 1J.51 1 .14 1 II II I 
1 116·Dl·2 Trench 42.32 21 .57 6 .92 13. 51 1 . 14 • • I 

I'\) • 116·Dl·6 Trench 0 42 .32 0. 00 0. 00 0. 00 0.00 1 • II II I 
I ...., 9 116·Dl· 7 Crib 0 28.96 0.00 0.00 0.00 0.00 4 • II • ~ 

en ,. 116·F · 1 Trench 44.55 2.17 0.96 0.96 0.25 1,2 • • • 
" 116·F · 2 Trench 42 . JZ 9.n 8 . 12 0. M 0 .82 1 • II 

IZ 116-F-J Trench 0 42.JZ 0. 00 0. 00 0.00 0 .00 • • 
1J 116-F-6 Trench 0 28.96 ].94 2. 87 o.n 0.35 ] II II II 

14 116·F·9 Trench 42 . ]2 2. 84 0.59 2.05 0.19 5 • II 

15 116-F-10 Fr. Oraln 0 42 . 32 0.07 0.05 0. 01 0 .01 1,2 • • • 
16 116· N· 1 Trench 42 .32 20.12 14 . 42 4.56 1.14 • X X 

17 116· N· 2 Trench 0 42.]2 1.04 0.28 0.75 0.02 X • • 
11 116-N·J Fr . Drain 0 42.]2 0.05 0.01 O.Ol 0.01 1,2 II II II 

" 100 a•1 Drywall 42 . JZ 0. 00 0.00 0.00 0.00 6 X II 

20 100 IP2 Fr. Drain 42 . 32 o.oo 0 .00 0.00 0.00 6 X • 
21 100 [W01 Drywall 40.09 0 . 00 0. 00 0.00 0.00 6 X • 
22 100 [W02 Fr . Drain 40.09 0. 00 0.00 0.00 0.00 6 X X 

n 116·1 · 1 Crib 0 42 . JZ ]0 . 56 8 . 79 18. 79 2.91 X • 
14 116·1 · 2 Trench 0 51 . 2] 1320 . 59 961.34 1511.75 200 .50 1,2,l,7 • X II 

25 116-IE · Z Crib ]5.64 14.65 0 . 74 2. 79 11 . 12 ] X X X II 



TABLE 2-20. POTENTIAL REMEDIAL ACITON ALTERNATIVES (Continued) 

llanford lrwcthe IIHte Site Study. 

··············· ··· ······· ··· ····· ······· ······ ·· ·· ·· ···· ·· · ·· ··· ······ 
F A T E 0 F CON TAN I N A N T I 

N 
Vqetation Ground· -· · · ··· · ·· ········· ······ ··· ········· ·············· ····· · ·-··· · ··· 

I Soll D-rd Uptake of Water surf Ke Depth to Depth to Vol.- Field Field Field 
...... ...... Site No • Att...,.tlon Nigratton hdionucl ides Rele• H Erroeton llaate GIi Disposed Capec:I ty Cepaclty Capec:lty 

······· ·· · ·· ··· ············ ··· · · ·· · · · ····· ······ · ··· ····· ····· ···· ···· Fftt Feet ( l ttera> (FC-0.05) (FC=0.1) (FC-0.2') 

n 216 -T -2 0 0 75 256 6,000,000 

74 216-T·l " • • 206 249 11,300,000 • • II 

n 216-T-7 • • 0 • 26 191 110,000,000 II • II 

76 216-T· I 0 0 25 251 500,000 

n 216· 1· 19 a • 0 • 23 189 455,000,000 • • II 

711 216-T-21 a • • 15 195 42,300,000 a • II 

79 J16 · 1 • a a • 0 9 34 10,000,000,000 a a II 

., J16· 2 a • • • 10 34 10,000,000,000 • a 

11 J16·J II 0 • 20 43 1,000,000,000 • • a 
................. . ........................... .... .... . . ................ . . . . . ... ... .. ... . . . ...... ..... ... . ................ . .. .... . .. . .. ..... ... .. .. .. ......... . ... ........ .. . .. . 
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TABLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued) 

·· ··· ······ ··· ····· ·································· ······ ···············I 
llanfONI lrwcth,e llllete Site Study. · P O T E I T I A L L ' F EA S I IL f If II f I I A L AC T I O I I 

Cap/Cover Grout· In· Solution IUn· 
••••••••••••••••••••...•• ••• . •••••••••.•• •• • • • •••••... • . •••• • •••• ••. •••••••••••••••.••• ••• ••••••••• • • W/ PC Piece w/ 1,. & GIi Excavation 

ProJ1iMI Total PC ln· Situ Vit · lec:Offry/ ' lo Action 
Location NRS Curies Total of Totel of Totel of Other llaatff llonitori,. Nonttori,. rificetion Treet_,t Dtapoul 

lite llo. Type (<500') Score Disposed (1) N,C,Ru , Eu C1,Sr All Else Disposed (2) ••• . . .•...•.•...... . .......... . . ......•..• • . . . .•• .• • .. •• •.• .•. . .• • •. .. . •.•. 

216· T·2 tee. W.11 50.34 o.oo 0.00 0.00 0.00 1,2,11 JI JI 

l16·T·J lee. W.11 60.40 2116.20 0 .00 43.60 242 .60 2,3,11,9, 11 JI JI 

216·T · 7 Crib 65 . 44 511.74 0 .00 49 . 30 9.44 2,3,11 , 9, 11 JI JI JI 

216· T· II Crib 47.82 1. 21 0 . 00 0 . 115 0 .36 1,2,11 JI JI 

216·T · 19 Crib 45.19 0. 00 0.00 326 . 00 5.53 3,11,9 JI JI JI JI 

l16 · T· 211 Crib 42.14 331.53 0.00 7. 06 4.44 II JI JI JI 

J16·1 Pond 79. 211 0 . 00 0. 00 0.00 0. 00 II, 12, 13, 14, 15 JI JI JI JI 

J16 · 2 Pond 79. 211 0.00 0. 00 0 .00 0 .00 II, 12, 13, 14, 15 JI JI JI JI 

316-J Trench 79 . 211 0 . 00 0 .00 0 .00 0.00 12. 15 JI JI JI JI 

..................... . .. ------ . .. . . . . . ............... .. .. .............. .. .. ........ .. ... ....... . ... . ..... ...... .. .. .. .... .. .. .. .. . ..... . .. __ ····-·· ·· ···· ········· ..... ······· -·---- -··· ··· ··················· ···· ··· 

~ Ht dllte file 

Isotope ( 1) Decay Node 

1·3 let• 

C· 14 leU 

Co·60 '-
11 · 63 let• 
Sr·90 ••t• 
lu · 106 let• 

Ca· 134 leU,G-

Ca·1J7 '-
Eu· 152 let• 
Eu -154 ••t• 
Eu-155 leU 
Pu-2311 Alpha 

Pu -239 Alphe 
Pu-240 Alpha 
U-235 Alphe 

U· 2311 Alpha 

Other WHtf!S Disposed (2) 

1 Cr(2)0(7) 

2 NO(l)S 

l S0(4) 

4 1(4)0(7) 

5 NH(3) 

6 "' 
7 Cu 

II N0<3> 
9 1'0(4) 

10 CN 

11 F 

12 Metals 

13 TCE 
14 IIIRK 

15 U 

( inc . Hg, Pb, Cr, Be, Ag, Ni, etc) 

Trichlorlethylffle 

Methyl lsobutyl Ketone 

Ur aniLll'I 

I 
I 
I 
I 
I 



TABLE 2-20 . POTENTIAL REMEDIAL ACT ION ALTERNATIVES (Continued) 

llanfonl lrwcthe W.te lite Study. 

·· ······ ··-·········· ········ ······· ·· ···· ····· ··· ···· ····· ············ 
f A T E 0 f CONTAMINAN T S --- ······ ············· ····· ··· ··· ··· ·· ··· ········· ··· ··· ········ ·· 

Yegetetlon Groin!· Depth to Depth to Vol,_ Field fi eld flet, 

Soll o-rc1 Upt eke of Weter Sur face WHte 1111 Dlapoaed Cepec: i ty Cepac:lty Capacity 

Si t e No. Attenuation Nigret lon Red iorucl ides •• 1 .... Erroel., fNt , .. t ( II tere) (fC•0 .05) (fC•0. 1) (fC-0 . Z,) 

· · ····· ·· · ····· · ··· · · ··· ·········· ·· ·· ··· · · ············· ·· ············ · ......... ..... .... ... ... ...... .. ............... ... ... ....... ..... ... 

• 216·1 · 41 0 • 0 15 2ZI 2,120, 000 

Z7 216· 1· 44 • • • 15 222 5,600,000 

a 216· 1· 4S 0 • 0 1S 220 4, 920 , 000 

z, 216· 1 ·46 • • • 1S 219 6,700,000 

JO 216· 1 ·411 0 • 0 1S 225 4, 090 ,000 

J1 216·1 · 49 • • • 1S 223 6 , 700 , 000 

J2 216·1 · SO 0 • 0 0 1S 223 54,800,000 • • 0 

N 
I JJ 216-l · S • 302 2113 30,600,000 ...... • • ll • ll 

I.C J4 216· 1· 2· 2 0 • 0 • 0 II 25S 149, 000, 000,000 • • • 
JS 216·1 · 6 0 0 0 75 296 6 ,000,000 

J6 216· 1 · 7 A&I ll • ll 0 14 241 41 ,600,000 ll • 0 

31 216· 1 · 10A 0 • 20 300 9,990 , 000 

31 216·1·16 0 ll 0 12 3311 S, 600 , 000 

,, 216·C· 1 0 • 0 0 13 2112 23 ,400, 000 ll 0 

40 216·C· 10 0 • 0 0 1 2116 1197, 000 

41 216· A·9 • • 0 • 12 294 9111 , 000 , 000 • • ll 

u 216· A·40 0 16 2114 946,000 

4J 216· A· 4 • • 2S J05 6,210,000 

44 216· A· S • • • • 32 ]13 1, 630 ,000,000 • • • 
45 216· A·6 • • • • 19 290 3, 400 ,000,000 • • ll 

4' 216· A· 7 0 • 15 274 326, 000 

41 216· A· 21 • • 0 0 19 310 n ,aoo ,ooo ll • ' 0 

411 216 · A· 24 0 • • • 15 242 1120, 000, 000 • • ll 

49 216·A· 27 • • 0 14 308 23,100 , 000 0 

so 216· A· 211 0 11 2911 30, 000 

51 216· A· J6A • • 22 314 1,070 , 000 



T/~BLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued) 

llenford 1,-tlft W.te llta Study. 
. ... ..... .... .. .. ........ .... ....... .... ..... ............ .... .... ... ....... .. 
,oTEIT I A L L T F f A I I I L E IEIIEDIAL ACTIOIS 

· ··· · ·· ····· ·· ·· · · ··-····· ·-· ·-· ·· ··· ····· ·· ·· ·· ················ · · ··· · ·· ·· · ······ · · ······· · · ·· ····· · Cap/Cover Grout · in· Solution llln· 

Proxl•I Total ..,, PC Piece ..,, 1,. I GIi Excavetton 

I'\) Locat Ion 1111S Cur l tt Total of Total of Totel of Other W.tN PC ln· Sltu Vlt · lecovery/ I IIO Action 
I lhe IIO. Type (<500') Score Disposed (1) H,C,Ru,Eu C1,Sr All EIH Ol •posed (2) llonltorl,. llonl tori,. rlftcatton Treet_,t DtlpONI 

e:> 
0 ·· · ·· · ·· ·· ···· ·· ····· ····- ····· ·· ············ ······ ·······-···· ·· ···· ···-········· ········ · · · ·· ·· · ·· . ... ....... ....... .... ..... .. ..... ...... .... .. .... ... ... .. .... ... .......... 

26 216 · 1·43 Crib 

I 
48.67 942.06 170.00 m .oo 0.06 2,3,1>, 10 • • • • 

27 216·1 ·44 Crib 50.42 2097 .17 450.00 1646.00 1.17 2,3,1>, 10 • • • • 
211 216·1·45 Crib 52.20 2407 . 112 390.00 2017.00 0.112 2,3,I>, 10 • • • • 
21> 216 · 1 · 46 Crib 52. 20 1326.50 536 .00 788 .90 1.60 2,3,1>, 10 • • • • 
JO 216 · 1 · 48 Crib 52.20 1145 . 311 327.00 818.00 0.311 2, 3,1>, 10 • • • • 
31 216 · 1 · 41> Crib 52 . 20 1975 . 28 536.00 14311.00 1. 28 2,3,1>, 10 • • • • 
32 216·1 · 50 Crib 43 . 70 149.57 90.00 59. 52 0.05 3 • • • • 
n 216· 1·5 Rec . Well 61.54 369.40 0 .00 59.70 309. 70 3,8,9, 11 • • 
34 216· 1 · 2 · 2 Ditch 30.67 235.49 0 . 00 235.49 o.oo • • 
35 216 · 1 · 6 Rec. Wei I 0 50.34 0 .00 0 .00 0 .00 0.00 1, 3,8 • • 
36 216·1 · 7 All Crib 65.44 2764.07 0 .00 2451 .80 312.27 3,8,I>, 11 • • • 
J7 216· 1 · 10A Crib 0 47.82 3 . 22 0 . 00 2 . 51 0.72 1,3,8 • • • 
JI 216 · 1 · 16 Crib 52 . 20 1104.94 450.00 654.00 0.94 3,8,9, 10 • • 
39 216·C· 1 Crib 0 39. lJ 164 .53 70 .00 93 .85 0.68 8 • • • 
40 216· C·10 Crib 0 33 .29 37.92 0.00 37.89 o.oz 8 • • • • 
41 216·A· 9 Crib 0 42 . 79 4017.21 4000 . 00 17. 17 0.04 8 • • 
42 216· A·40 Trench 0 12.n 0.00 0 .00 0.00 0.00 8 • • 
43 I 216 ·A· 4 Crib 0 47.82 22 .68 0.00 12 . 37 10. 31 • • 
44 I 216 ·A· 5 Crib 0 50 . 42 130066.92 130000 .00 58.80 8 . 1Z X • • 
45 I 216 · A· 6 Crib 42 . 14 166 . 21 0 .00 163 . 40 2 .81 • • ' 46 I 216· A· 7 Crib 4Z .79 3.07 0.00 2 .99 0.08 • • 
47 I 216· A· 21 Crib 0 57 .89 105 . 25 0 .00 93.84 11.41 • • 
48 I 216· A· 24 Cri b 48 .67 1712 . 51 1400 .00 312 . 10 0.41 X 

49 , , . 216 · A· 27 Crib 0 59.6] 69 .52 0 .00 62 . 20 7. 32 • • 
50 I 216· A· 28 Fr. Drain 32.72 0 . 21 0 .00 0.00 0 . 21 • 
51 I 216· A· l6A Crib 0 ]2 .62 2010 .56 0 .00 2004 . 00 6 .56 • • 



\ 

TABLE 2-20 . POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued) 

..,,ord 11-.c ttw waste Site Study. 

·· · · · · · ··· · ·· · ·· · · ·· --·-· · ··· ·· -· ·· -· · ·· -- · · · · ···-·· ·· ···· ·-·· -··· ·· · · 
F A T E O F CON TAN I N A N T $ ··· · · ·· · ·· ·· ···· ·· ··· · · · · ··· ··· ·· ··· ·· ······ ·· ·· ····· · · · ·· · · ····- -

Vevatat ion Ground· Depth to Depth to Vol ,._ field f ield Fi e ld 
Soll Downward Uptake of Water Surfece Waite GIi Dlapoaed Capac i ty Capacity Capac i ty 

Site llo . Attenuation Migration Rad ionucl ides Release Erroalon ffft feet < l i ter1) (FC• 0 .05) ( f C=0.1) (fC•0.25) -- --- ----····· ··· -·· ·· ··-- ----- ------ ------ --------- -- ----- --- ------ -- ·· ·· · ···· · ·· · ···· · · · · ·· · · · ·· ·· · ···· ·· ·· ··· ····· · ····- -·-·· · · ···· ·· 
52 216 -S-5 • • • • 15 1110 4, 100,000, 000 • • JI N 5] 216·S·6 • • • • 15 1110 4, 470,000,000 • • JI 

I eo !54 216· $· 160 0 0 0 0 3 1110 400,000,000 • • 0 ..... 
" 216· S· 16P 3 1110 41 , 000,000,000 • • JI • • • • 0 

" 216· $· 17 0 • • X 10 1110 6 , 430,000,000 X X JI 

57 216 · U· 11 0 0 0 0 7 185 0 

58 216 -S· 1&2 X • X 35 197 160,000,000 • X JI 59 216·$ · 3 0 X 0 0 6 190 4,200,000 
60 216 · S· 4 0 20 1110 1, 000,000 
61 216 · 5· 7 X X 0 X 22 202 390,000,000 • • JI 6l 216· $· 9 • X 0 0 30 205 50,300,000 • • 0 
6J 216· $ · 20 • X 0 X 30 208 135 , 000,000 X • • 64 216· $· 21 0 • X 21 180 87, 100, 000 X X X 65 216-U· 1&2 0 0 0 0 24 209 15 , 900,000 X 0 

" 216· U· 3 0 0 12 190 791,000 
67 216· U· 4 0 75 227 300,000 
61 216 ·U· 4A 0 0 10 227 545 , 000 
69 216· U· 41 0 0 10 230 ll , 000 

70 216· Z· 1&2 X 0 0 X 21 191 38,900,000 X • I JI 

71 216 · Z· 7 X X X • 0 5 187 79,900,000 X X JI n 216 · Z· 10 0 0 150 193 1, 000,000 X X 0 



-- ------- -----------------~ 

!ABLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued) 

... ford IMCtl ... waate Sit• Study. -----··········· ····· ····· · ·· · ··· · ·· ··· · ·-· ·· ····· · ···· ··· ···· ··· · ··· · ·· · · 
· P O T E N T I A L L Y fEASIILE REMEDIAL A C T I ON I 

· ··· · ···· · --· ··-· · · ·· ···· · ··· ······ ·· ··············· · ···· ·· ·· ·············· · ·· · ······-- ---- ---------· Cap/Cover Grout · in· Solution Nin· 

PrOlli•I Total w/ PC Piece w/ Ing & GIi Excavation 

Location HRS Curies Total of Total of Total of Other Wastes PC ln· Si tu Vit · Recovery/ & No Act ion 

Site No. Type <•500' l Score Disposed (1) N,C,Ru,Eu C1 , Sr All EIH Disposed (2) Noni toring Monitoring r i ficetion TrHtaent Dhpoaal 
---- ..... ...... .. . . . ····· · · · . .. .. . . . - -...... -.... -.......... ........... . . . -.. ... . .. ... ... -. --- .. .... . -.. .... . --. -.. -- ....... . ... - -.. -. ...... - -... -- - ------ . ...... -- .. .... . .. .. .. 

sz 216· 5· 5 Crib 0 30.75 130 . 48 0.16 88.20 42.12 8 • • • 
" 216·1 ·6 Crib 0 42.14 384.95 0.50 349 .00 35.45 8 • • • 
S4 216·1· 160 Ditch 0 42.14 0.00 0 .00 0.00 o.oo 8 • 
,s 216· S· 16P Pond 0 12 . n 110 . 57 0 .20 82.10 28 .27 8 • • • 
t6 216· $· 17 Pond 0 38.07 31 .62 0. 06 31.30 0.26 8 • • • 
S7 Z16· U·11 Ditch (2) 37. 75 0.00 0.00 8.00 0. 00 • • 
SI 216·$·1&2 Crib (2) 57. 73 6657.93 4000 .00 2570 .00 87.93 8 • • • ,. 216•$ · ] fr Dra in (2) 48 .97 3024 . 41 3000 .00 24.35 0. 05 1,8 • • • .. 216· 1 ·4 fr Drain 0 ]2 . 72 0. 02 0 .02 0.00 0. 00 8 • • 

N 61 Z16· S· 7 Cr i b (2) 59 .6] 2320 . 40 0 .00 2287.00 ll . 39 8 • • • I 

" 216·S·9 Crib ]9.2] 6428 .89 6000 .00 422.00 6 .88 8 00 • • • 
N 61 216·S · ZO Crib 4] . 70 98 . 76 0 .00 86.30 12 .46 8 • • • 

" 216· 1· 21 Crib 0 ]1.9] 117.29 0 .00 117. 10 0 . 19 8 • • • .. 216· U· 1&2 Crib (2) 48 .97 11 .50 0 .00 0 .52 0 . 01 3,8,9 • • 
" Z16· U· l fr Drain ]3.89 0.53 0.00 0.00 0 .00 8 • • 
67 216· U·4 lee. well 12 . n 0. 00 0.00 0. 22 0 .00 8 • • .. 216· U· 4A fr Drain 12 . n 0 . 22 0 .00 0 . 22 0 .00 8 ,9 • • • .. 216· U· 41 fr Drain 30.20 0.22 0.00 0 . 22 0.00 8 • • • 
1'0 216·Z·1&2 Cr ib ]7.75 4672.]7 0.00 0.]2 46n .04 8, 11 • • • 
71 216·1 · 7 Crill (2) 43.70 591 .88 0. 00 447.00 144 .88 8 • • • 
n 216·Z· 10 ... 11811 32.n ] .62 0.00 0.00 ] .62 8 • 
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o Groundwater release - If the field capacity (FC) of the soil -column is exceeded by the volume of waste disposed, groundwater 
contamination has been assumed. In addition, if the FC/volume 
ratio was less than ten, or more than ten million liters of water 
were applied, or the contaminate types were highly migratory, a 

•high potential for discharge to groundwater was assumed. Note 
that no evaporation losses were considered. 

o Surface erosion - Those sites with contamination less than ten 
feet below the ground surface were identified as having a 
potential for waste dispersion by wind or water erosion. 

The summary of the site data and pathways/fate of pollutants for each 
site is presented in Columns 16-20 of Table 2-20. 

2.6.1.3 Selection of Technologies 

As the first step, published Environmental Protection Agency (EPA) 
handbooks and conference proceedings that listed numerous potential remedial 
technologies for hazardous and radioactive wastes were reviewed (see 
Appendix B for a list of Potential Technologies). The remedial technologies 
were divided into three groups: 

o Waste isolation 
o Excavation/removal 
o In-situ treatment 

Waste isolation addresses those technologies that contain all the 
contaminated material onsite and involve minimum movement of either wastes 
or contaminated soils. Excavation/removal addresses those technologies that 
generally involve removing the contaminated material and transferring it to 
another location for treatment and disposal. In-situ treatment involves 
technologies that effectively treat the contaminated material in place. 
Very little waste or soil is excavated or removed from the site by these 
technologies, which either extract the haiardous constituents for 
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treatment/recovery or physically, chemically, or biologically detoxify the 
hazardous constituents. 

These groups are listed in the general order of overall demonstrated 
effectiveness and environmental acceptability from the perspective of 
meeting applicable standards and providing a permanent solution. 

2.6.1.4 Screening of Technologies 

Specific remedial technologies were identified in each of the three 
groups discussed above. This technology list is presented in Table 2-21, 
which shows both primary technologies that are used to treat the 
contaminated materials and some of the major support technologies that are 
used to protect the environment during remedial action operations. The next 
step was to screen these technologies and determine those that would be most 
applicable to the 81 CERCLA sites at Hanford. This was done by reviewing 
the site conditions and pollutant pathways and fate and identifying those 
technologies that were most advantageous based on previous applications to 
comparable waste types or site conditions. 

2.6.1.5 Selection of Final Remedial Technologies 

Once the primary candidate technologies had been identified, a 
literature and case study review was conducted to determine the following: 

o Operating range/conditions for each technology - effective depth, 
waste types, soil types, etc. 

o State of development of technology - bench, pilot, full scale 

o Similarity of wastes and site conditions to those expected at 
Hanford 

o Acceptability - demonstrated ability to meet applicable 
regulations and standards 
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TABLE 2-21 

WASTE ISOLATION 

PMmary Technologies 

GENERAL REMEDIATION TECHNOLOGY GROUPS 

o cap/cover systems 
o slurry walls 
o grout-in-place 
o in-situ vitrification 

Support Technologies 

o dust control 
o runoff diversion/collection/treatment 
o equip~ent decontamination 

EXCAVATION/REMOVAL 

Primary Technologies 

o excavation/disposal 
o groundwater pump/treat systems 
o solidification/fixation 

Support Technologies 

o waste handling/transportation 
o dust control 
o runoff diversion/collection/treatment 
o equipment decontamination 

IN SITU TREATMENT 

Primary Technologies 

o solution mining 
o soil flushing 
o air/steam stripping 
o biodegradation systems 
o chemical fixation/complexation 

Support Technologies 

o extraction/concentration facilities 
o equipment decontamination 
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o Complexity - simpler is better 

o Throughput/capacity - length of time to treat expected waste 
volumes 

o O & M requirements (including decontamination needs) 

This information was then reviewed by the task members, closely 
compared to the site conditions, and resulted in the selection of 6 
technologies for potential application at Hanford: 

0 Cap/cover 
0 Grout-in-place 
0 In-situ vitrification 
0 Excavation and disposal 
0 Soil flushing 
0 Groundwater recovery and treatment 

Table 2-22 provides a comparison of the technical feasibility, costs, 
applicable ·environmental regulations, and state of development for the 
technologies evaluated. The process, operations, costs, applications and 
limitations of the six selected technologies are described in more detail in 
Appendix C. 

In addition, a no-action alternative has been included, since many of 
the sites received such apparently low volumes of wastes and had either no 
radionuclide or heavy metal waste or very low (less than two curies) amounts 
of radioactive materials. 

2.6.1 .6 Selection of the Remedial Technologies by Site 

Once the final seven alternatives (six technologies plus no action) 
were selected, an evaluation was made for each site, and at least two 
technologies per site were identified as applicable. One further crucial 
assumption was made: to combine soil flushing and groundwater treatment as 
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TABLE 2-22 
Sunmary Matr i x of Applicat ions of Remed ial Action Technologies 

Techn ical Feas I bil lty 

l----------------------------------------------------------------------1 Costs 
Total Soluble/ Effect i ve 1----------1 

Remedial Action Radio- Non-Soluble Heavy Organics Depth Other Fact or Unit 
Technology Nuclides Rad ionucl ides Metals (Feet) limitations Cost 

---------------------------------------------------------------------------------------------------------------------------

Cap/Cover <lOCt Non-Soluble Yes Yes No limit Susceptible to 100 Square $4,500 
Subsidence Yards 

Grout-In-Place No Limit Non- Soluble Yes Yes No Li mit Extensive Site 100 Cubic $6,000 
Character Required Yards 
Di ff icult to Ver i fy 

Effectiveness 

N Vitrif icat ion No limit Non -Soluble Yes No <SO low Soil Moisture 100 Cubic $38,900 
I low Vol atil lty Required Yards co 

"'-I High Energy Demand 

Excavat ion/ No limit Non-Solubl e Yes Yes <60 Worker H&S 100 Cubic $36,500 -
Di sposal low Volatil ity Concerns Yards $68 ,900 

Groundwater Pump/ 
Treatment 

Soil Flushing No limit Soluble Yes Poor No limi t Need Extensive 100 Cubic,/ $3,500 
Characteristics of Yards .. 

So l l/Waste 
Matr ix 

Water No llml t Soluble Yes Yes No limi t Requ i red Extens ive 100 Cub ic $1 ,200 
Treatment Aquifer Yards 

Cha racteri zation 
---------------------------------------------------------------------------------------------------------------------------



N 
I 

~ 

Retlledial Action 
Technology 

TABLE 2-22 

Summary Matrix of Applications of Remedial Actiun Technologies 

Appl feeble 
Env. Requirements 

I· ··· · ·············· ··· ··· I 
Air Surface GrOUld RCRA 

llater llater 

Deinonstrated C~llance with 
Environnental Regulations 

State of Developwent 

I· ·········· ·· · ······· ······ I I· ····· ····· ···· ············· · I 
CERCLA 
Sites 

RCRA 
Sites 

LLRAD 
Sites 

HLRAD Redfonuclldes 
Sites 

Heavy 
Metals 

Organics 

·· · ·· ···· · ····· · · ············ -·· ·············· --·-----· ·· · ··· ·· ········ ·------------······· ······· ········ · ········· · ·--· · ······ ··· ·· 

Source Controls 
CAP/Systems 

Grout·fn·Place 

Vitrification 

Excavation/ 
Disposal 

Groundwater PlllfffJ/ 
Treatment 

Sotl Flushing 

Water 
Treatment 

Tes Tes 

No Tes 

Tes Tes 

Tes Yes 

Tes No 

Yes No 

No No Yes 

Tes No No 

No Tes Unknown 
(Site 
Prep.) 

Tes Yes Tes 

Tes Yes Proposed 
(Recovered 
Solution) 

Yes Yes Yes 
(Recovered 
Solution) 

Yes Tes Unknown Full Scale Full Scale Full Scale 

Unknown No No Pilot Scale Pflot Scale Unknown 

Tes Yes Unknown Pf lot Scale Pl lot Scale Unknown 
At Hanford 

Tes Tes Tes Full Scale Full Scale Full Scale 

·i 
Tes Tes Proposed Full Scale Full Scale Pl lot Scale 

On Ore Bodies On Ore Bodies 
Pl lot Scale 

On llastes 

Yes Yes Proposed Full Scale Full Scale Full Seate 
(Stripping) 
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one technology since they both involved essentially the same equipment, 
configuration and operational concerns. 

The alternatives were selected for each site based on the following 
definitions: 

Cap/Cover: Potentially useful for sites where the total curie count 
is less than ten, with most wastes having low solubility. Depth of 
materials is not a relevant item in the decision process, but the volume of 
wastes applied to the site should be less than 10,000,000 liters so as to be 
reasonably assured of fairly shallow depths of contamination. 

Grout-in-Place: In-situ grouting using bentonites and portland cement 
to both chemically stabilize the materials (mostly metals) and physically 
isolate the wastes from water migration. There are no limits on the depth 
of wastes. 

In-Situ Vitrification: Physical isolation of the wastes, with a depth 
of effectiveness to approximately 50 feet (assumed for this analysis). The 
actual limitation is the volume rather than the depth. 

Excavation and Disposal: Most useful with sites where wastes have low 
solubility, are near the surface, and have had a low volume of wastewater. 

Soil Flushing/Groundwater Recovery and Treatment: Most useful with the 
soluble pollutants, but generally not effective on wastes where the 
nonsoluble fraction was greater than 25 percent. 

The most likely application for each technology with respect to radio
nuclide contamination, depth of wastes, and volume of waste and chemical 
waste discharged is summarized as follows: 
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Technology Limiting Site/Waste Conditions 

Ci Ci Chemical Depth of Volume of 
Total Nonsoluble Wastes Wastes Wastes 

Cap/Cover ~10 ~ 1 N.S . N.S. < 10,000,000 
Grout-in-Place N.S. N.S. N.S. * N.S. <100,000,000 
In-Situ Vitrification N.S. N.S. N.S. < 50,** <100,000,000 
Excavation and Disposal N.S. ~25% of Ci N.S. < 50'+ < 10,000,000 
Soil Flushing/ 

Groundwater Recovery 
and Treatment N.S. ~25% of Ci N.S. N.S. <100,000,000 

No Action < 2 < 1 N.S. N.S. N.S. 

N.S. = Not significant in decision process (but considered). 

*=Any application of grout-in-place must be custom tailored to the 
geohydrologic conditions and waste characteristics. 

+ = Assumed for analysis purposes. Greater depth would require shoring of 
the work area. 

**=This limit is only assumed for applicability of the technology to 
specific Hanford Sites. The limiting factor is actually the volume that can 
be vitrified. 

Us i ng these criteria , each technology was compared to each site and a 
decision made on the potential feasibility for application at that site . 
These decisions are summarized in Columns 21-25 of Table 2-20 . 

2.6.2 Summary of Selected Remedial Action by Site 

An evaluation resulted in the selection of two or more remediil actions 
for each site. The selections were based on technical feasibility and the 
objective of establishing a reasonable cost range for each site . The 
remedial action alternatives presented for each site are presented in 
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columns 21-26 of Table 2-20. In total, 19 sites were identified where the 
no-action alternative might be applicable, 36 sites for possible application 
of cap/cover, 49 sites for possible grout-in-place applications, 35 sites 
where in-situ vitrification may be appropriate, 42 sites for possible 
application of soil flushing and groundwater recovery and treatment, and 42 
sites where excavation and disposal are feasible. 

In terms of the number of possible remedial action alternatives per 
site, the 81 sites are distributed as follows: 

No . of Possible 
Remedial Actions No. of Sites 

2 34 

3 32 
4 15 

2.6.3 Remedial Action Unit Costs 

As discussed in Appendix C, a unit cost has been developed for each 
proposed remedial action. The costs are in either $/100 cubic yard or 
$/square yard . The costs include equipment, materials, operation and 
maintenance (e.g., labor and power) and health and safety. Other costs, 
such as site preparation (e.g., demolition, road building, etc.), have not 
been included because they are highly variable for each site. Instead, it 
is proposed that a contingency factor or allowance for unforeseen costs be 
included in the site-specific remedial action cost estimate. 

Unit costs for the remedial action alternatives are as follows: 

o Cap/cover - $4,500/100 square yards (See Appendix C.1) 

o Grout-in-place - $6,000/100 cubic yards (See Appendix C;2) 

o In-situ vitrification - $38,900/100 cubic yards (See Appendix C.3) 
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o Excavation and disposal with incineration - $68,900/100 cubic 
yards (See Appendix C.6) 

Excavation and disposal without incineration - $36,500/100 cubic 
yards (See Appendix C.6) 

o Soil flushing - $3,500/100 cubic yards (See Appendix C.4) 

o Groundwater recovery and treatment - $1,200/100 cubic yards (See 
Appendix C.5) 

For excavation and disposal, the higher number includes waste 
treatment/preparation for disposal. 

2.7 COST ESTIMATES FOR INACTIVE WASTE DISPOSAL CHARACTERIZATION AND 
REMEDIATION 

This section provides an order of magnitude estimate of the costs 
associated with characterizing and implementing remedial actions at all of 
the identified inactive waste disposal sites on the Hanford Reservation. 
The objective is to provide specific cost estimates for the characterization 
and remediation of each of the CERCLA sites and for each type (crib, trench, 
pond, etc.) of RCRA site and to provide a summary cost estimate for each 
area of the Hanford Reservation. 

2.7.1 Cost Elements 

The potential CERCLA sites at Hanford are clustered in the 100, 200, 
and 300 areas. The costs for characterization and remediation of the CERCLA 
sites in each area are composed of four elements: 

o Characterization Costs 
o Feasibility Study, Engineering, and Construction Management Costs 
o Remedial Action (Cleanup) Costs 
o Post Remedial Action Costs, i.e., Monitoring Costs 
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For the characterization costs and remedial action costs, a range is 
presented . For characterization, the low range represents the cost of only 
having to do Stage II site characterization wh i ch would be applicable to 
those sites where the wastes are minimally dispersed in the vadose zone. 
The high range represents the potential need for full and widespread site 
characterization covering all pathways and receptors and assuming a wide 
dispersion of wastes in soils and groundwater. 

The cost of the engineering and construction management is generally in 
the range of 10 to 20% of the actual construction cost for almost any type 
of engineering project. For instance, on the DOE CENTRA Project , which 
involves low-level radioactivity and heavy metals wastes, this element 
averages about 15% of the remedial return cost. Generally, the percentage 
is inversely proportional to the project size assuming the same degree of 
complexity. Thus, for the CERCLA site at Hanford we have assumed the 
following factor for this cost element based upon site size: 

Size of Site 

Small (<l,000 sq ft) 
Medium (1,000-10,000 sq ft) 
Large (>10 ,000 sq ft) 

Costs Required for 
Engr/CM as a% of R.A. 

20% 
15% 
10% 

The Feasibility Study required by CERCLA is assumed to range from 
$100,000 for smaller, less complex sites to $2,000,000 for large, complex 
sites. 

The third factor that impacts the site remediation cost is the range of 
cost of the remedial action itself . 

The remedial action cost element range reflects the high and-low cost 
estimates developed for the candidate alternatives for each site. At least 
two alternatives were considered for each site as documented in the previous 
section. The cost estimates for each of these or combinations of alterna-
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tives have been developed in this task. The cost estimates for each alter
native generated for each site is presented in Section 2.7.2 whfle only the 
high and low cost alternatives for each site are presented in this summary 
matrix. 

The last cost element, post remedial action monitoring, is oriented 
toward groundwater monitoring for each site covering both radionuclides, 
heavy metals, and other organic and inorganic pollutants of concern. 

The cost associated with analyzing samples for the above contaminants 
is $4000 per sample. [Based on estimates provided by Susan Watt of Rocky 
Mountain Laboratory and Kelvin Wright of SAIC Rockville.] Assuming a 25% 
increase for blanks, duplicates, etc.; four wells per site and semi-annual 
sampling results in an annual site monitoring cost of $40,000 regardless of 
the site size or remedial action taken. Costs associated with soil and 
vegetation sampling were not included since this activity is currently 
contracted to Pacific Northwest Laboratory. 

2.7.2 Site Characterization Costs 

As mentioned early in this report, the degree and associated cost of 
site characterization depends upon the areal extent of the contamination and 
the pathways impacted. Each stage of the site characterization involves 
additional sampling and/or installation of monitoring devices. Since this 
is an order of magnitude estimate, it was decided to develop a unit cost for 
each activity of each stage and then summarize the costs by stage for each 
site. The unit cost for each activity is as follows: 
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Activity 

1. Installation Sampling and Analysis of 
Clustered Monitoring Wells 

2. Installation, and Analysis 
of Lysimeters 

3. Soil Borings - Sampled Every 5 Feet 
(Inc. Analysis) 

4. Soil gas Survey - 50' Grid 

5. Areal Overflow Sediment Sampling and 
Analysis (Per Sample) 

Cost 

$427,700 to $2,456,500 
per cluster 

$9,900 to $25,400 (area 
range) 

$51,000 to $418,200 
(area average) 

$34.50@ 50' Centre 

$650 per sample 

The unit cost estimates are based on the following additional 
assumptions: 

o The majority of the labor force resides in the Hanford area 
o All work is done under Level C or D H&S conditions 
o The range of total footage per cluster= 142 ft to 977 ft 
o The range of depth of soil borings is 43 ft to 340 ft 

Using these unit costs, working tables were developed that took the quanti
ties and number of activities by stage by site identified and calculated the 
associated costs. Costs for each stage for each site were then summarized 
and are presented in Table 2-23. 

2.7.3 Site Remedial Action Costs 

The remedial action costs were developed using the unit costs developed 
in Task 5 for each alternative in conjunction with the surface and waste 
volume to be remediated at each site. For all the constructed sites (cribs, 
trenches, ditches, etc.) except the reverse wells, it was necessary to 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE - AREA 100 B/C* 

*----------------------------------------------------------------------------------------* 
PAll-W«\Y 

*----------------------------------------------------------------------------
Sources Surf ace Surface 

Water/ 
Sedirrents 

Source 
Total 
Cost* 

116-8-1 

116-8-4 

116-C-l 

116-C-2 

Geophysics/ 
Soil Gas 

Vadose 
Zone 

(1) $25,CXX) (3) $2,200,CXX) (6) $12,60) (9) $62,400 
(2) $1,500 (4) $4,200 (7) $1,182,400 

(5) $6,CXX) $3,681,8:X) 
(8) $147,700 

(1) $13,60) (3) $2,200,CXX) (6) $12,60) 
(2) Sm> (4) $4,200 (7) $945,~ 

(5) $6,CXX) 
(8) $147,700 

(1) $64,8:X) (3) $2,200,CXX) (6) $12,60) 
(2) $3,8:X) (4) $4,200 (7) $945,~ 

(5) $6,CXX) 
(8) $147,700 

(9) $62,400 

(9) $62,400 

(1) $38,700 (3) $2,200,CXX) (6) $25,200 (9) $62,400 
(2) $2,200 (4) $4,200 (7) $2,364,700 

$3,433,200 

$3,487,400 

(5) $6,CXX) $4,891,100 
(8) $147,700 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-12. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES JJ,111, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 100 KE/KW-Ir (Continued) 

*------------------------------------------------------------------------------------* 

*------------------------------------------------------------------------
Sources SUrf ace SUrface 

Water/ 
Sedirrents 

Source 
Total 
Cost** 

I 

100-KW"l 
100-l<W"'2 

Geophysics/ 
Soil Gas 

(l} $17,300 
(2) $1,(XX} 

(3) $2,100,(XX} 
(4) $4,200 
(5) $6,(XX} 
(8} $147,700 

V~se 
Zrxre 

(6) $11,400 (9} $62,400 
(7) $878,100 

$3,348,100 

II (1) $17,300 (3) $2,100,(XX} (6) $11,400 (9) $62,400 
(2) $1,(XX} (4) $4,200 (7) $702,500 

100-KE*l (5) $6,(XX} $3,172,500 
100-KE*2 (8) $147,700 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug} Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5} 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-12. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 100 KE/KW* (Continued) 

*------------------------------------------------------------------------------------* 

*------------------------------------------------------------------------
Sources Surface Surface 

Water/ 
Sedil!Slts 

Source 
Total 
Cost* 

116-K-l 

116-K-2 

Geophysics/ 
Soil Gas 

V~se 
Zone 

(1) $98,a:x> (3) $2,100,CXX) (6) $11,400 (9) $62,400 
(2) $5,700 (4) $4,200 (7) $702,SCX) 

(5) $6,CXX) $3,258,700 
(8) $147,700 

(1) $375,200 (3) $2,100,CXX) (6) $11,400 (9) $62,400 
(2) $21,a:lO (4) $4,200 (7) $702,SCX) 

(5) $6,CXX) $3,551,200 
(8) $147,700 

(1) $17,300 (3) $2,100,CXX) (6) $11,400 (9) $62,400 
(2) $1,100 (4) $4,200 (7) $878,100 

116-KE-2 (5) $6,CXX> $3,348,200 
(8) $147,700 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this tabl~ were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table . Number of units for each 
square is specified in Table 2-12. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 100 F* (Continued) 

*----------------------------------------------------------------------------------------* 

*-----------------------------------------------------------------------------Sources Surf ace Surface 
Water/ 

SedillBltS 

Source 
Total 
Cost** 

116-F-l 

116-F-2 

116-F-3 

Geophysics/ 
Soil Gas 

V~se 
lire 

(1) $274,300 (3) $2,SCX),000 (6) $20,SCX) (9) $62,400 
(2) $16,000 (4) $4,200 (7) $2,528,000 

(5) $6,250 $5,599,350 
(8) $147,700 

(1) $47,000 (3) $2,SCXl,000 (6) $10,250 (9) $62,400 
(2) $2,700 (4) $4,200 (7) $821,6CX) 

(5) $6,250 $3,642,100 
(8) $147,700 

(1) $26,100 (3) $2,SCX),000 (6) $10,250 (9) $62,400 
(2) $1,S(X) (4) $4,200 (7) $632,000 

(5) $6,250 $3,430,400 
(8) $147,700 

I (1) $68,!m (3) $2,SCX),000 (6) $20,SCX) (9) $62,400 
(2) $4,000 (4) $4,200 (7) $1,327,200 

116-F-6 (5) $6,250 $4,181,150 
116-F-10 (8) $147,700 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-12. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 

2-99 



TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 100 F* (Continued) 

*----------------------------------------------------------------------------------------* 
PatlMay 

*----------------------------------------------------------------------------
Sources Surface Surface 

Water/ 
SedillBltS 

·Source 
Total 
Cost** 

116-F-9 

Geophysics/ 
Soil Gas 

GrotJ'XMater 

(1) $56,700 (3) $2,500,CXX) 
(2) $3,300 (4) $4,200 

(5) $6,250 
(8) $147,700 

Vadose 
Zcne 

(6) $10,250 
(7) $1,137,600 

(9) $62,400 

$3,968,400 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-12. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 100 H* (Continued) 

*------------------------------------------------------------------------------------* 
Pattway 

*------------------------------------------------------------------------
Sources Surface Surface 

Water/ 
Sedine,ts 

Source 
Total 
Cost** 

116-H-l 

116-H-2 

116-H-3 

Geophysics/ 
Soil Gas 

Grotrdtlater Virl>se 
Zrre 

(1) $34,700 (3) $2,495,500 (6) $9,850 (9) $62,400 
(2) $2,CXX) (4) $4,200 (7) $510,700 

(5) $6,250 $3,313,300 
(8) $147,700 

(1) $52,81'.X) (3) $2,495,500 (6) $9,850 (9) $62,400 
(2) $3,CXX) (4) $4,200 (7) $510,700 

(5) $6,250 $3,332,400 
(8) $147,700 

(1) $13,500 (3) $2,495,500 (6) $9,850 (9) $62,400 
(2) $81'.X) ( 4) $4,200 (7) $400,600 

(5) $6,250 $3,188,81'.X) 
(8) $147,700 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-12. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 100 D/DR* (Continued) 

*----------------------------------------------------------------------------------------* 
Patlway 

*----------------------------------------------------------------------------
Sources SUrface 

Geophysics/ 
Soil Gas 

Gmn:kiter Vadose 
Zone 

SUrface 
Water/ 

SedinB'ltS 

(1) $41,000 (3) $2,530,000 (6) $12,000 (9) $62,400 
(2) $2,400 (4) $4,200 (7) $1,059,950 

-Source 
Total 
Cost 

116-CR-1 (5) $6,250 $3,905,9CO 
(8) $147,700 

(1) $28,9CO (3) $2,530,000 (6) $12,000 (9) $62,400 
(2) $1,700 (4) $4,200 (7) $1,059,950 

116-CR-2 (5) $6,250 $3,893,100 
(8) $147,700 

(1) $25,100 (3) $2,530,000 (6) $12,000 
(2) $1,500 (4) $4,200 (7) $741,950 

116-CR-lB (5) $6,250 
(8) $147,700 

(1) $25,100 (3) $2,530,000 (6) $12,000 
(2) $1,200 (4) $4,200 (7) $847,950 

116-CR-6 (5) $6,250 
(8) $147,700 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 

(9) $62,400 

$3,571,100 

(9) $62,400 

$3,676,rol 

(3). Cluster Wells (Installation/Development/Split Spoon Analysis 
(see Note 3) 

(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-12. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 100 D/DR* (Continued) 

*----------------------------------------------------------------------------------------* 
Patiway 

*----------------------------------------------------------------------------
Sources Surface Surface 

Water/ 
Sedina,ts 

-Source 
Total 
Cost** 

116-[R-7 

Geophysics/ 
Soil Gas 

Grourooter 

(1) $17,SCX) (3) $2,530,CXX) 
(2) $1,CXX) (4) $4,200 

(5) $6,250 
(8) $147,700 

Vadose 
Zone 

(6) $12,CXX) 
(7) $847,950 

(9) $62,400 

$3,669, CXX) 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this tabl~ were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-12. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 200 EAST* (Continued) 

*----------------------------------------------------------------------------------------* 

*----------------------------------------------------------------------------
Sources Surf ace Surface 

Water/ 
Sooine,ts 

_ Source 
Total 
Cost** 

Geophysics/ 
Soil Gas 

GrourxMater V~se 
left 

----------- ------------- ----------------- ----------------- ------------- ------------
I 

216-B-43 
216-B-44 
216-B-45 
216-B-46 
216-B-48 
216-B-49 
216-B-50 

(1) $63,00) (3) $6,136,CXX) (6) $25,400 (9) $93,flOO 
(2) $3,700 (4) $4,200 (7) $4,182,200 

(5) $16,300 
(8) $138,100 

II (1) $18,9CX> (3) $2,360,CXX> (6) $25,400 (9) $93,flOO 
(2) $1,100 (4) $1,400 (7) $3,345,00) 

$10,703,300 

216-B-7A&B (5) $6,300 $5,944,9CX) 
(8) $52,400 

III 

216-B-2-2 

(1) $200,300 (3) $2,360,CXX) 
(2) $11,flOO (4) $1,400 

(5) $6,300 

(6) $25,400 
(7) $3,345,00) 

(9) $93,flOO 

$6,136,800 

IV 

216-B-5 

(8) $52,400 

(1) $13,200 (3) $2,832,CXX) (6) $25,400 (9) $93,flOO 
(2) $00) (4) $2,100 (7) $2,509,300 

(5) $7,SCX) $5,581,flOO 
(8) $57,700 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7) . Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, so i') 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-13. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source . 

2-104 



TABLE 2-23. SUMMARY OF STAGES JJ,JJJ, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 200 EAST* (Continued) 

*----------------------------------------------------------------------------------------* 
Patlway 

*----------------------------------------------------------------------------
Sources Surf ace 

Geophysics/ 
Soil Gas 

Vadose 
Zone 

Surface 
Water/ 

Sedirrents 

V (1) $32,100 (3) $3,304,000 (6) $25,400 (9) $43,EiOO 
(2) $1,~ (4) $2,100 (7) $4,182,200 

-Source 
Total 
Cost** 

216-8-10-A (5) $8,8)'.) $7,711,8)'.) 
216-8-6 (8) $71,700 

VI (1) $39,200 (3) $2,360,000 (6) $25,400 (9) $43,EiOO 
(2) $2,200 (4) $1,400 (7) $5,018,EiOO 

216-C-l (5) $6,300 $7,589,100 
216-C-10 (8) $52,400 

VII (1) $30,400 (3) $2,360,000 (6) $25,400 (9) $43,EiOO 
(2) $1,8)'.) (4) $1,400 (7) $3,345,8)'.) 

216-8-16 (5) $6,300 $5,~7,100 
(8) $52,400 

VIII (1) $49,~ (3) $2,360,000 (6) $25,400 (9) $43,EiOO 
(2) $2,~ (4) $1,400 (7) $3,345,EO) 

216-A-40 (5) $6,300 $5,927,700 
(8) $52,400 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-13. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 200 EAST* (Continued) 

*----------------------------------------------------------------------------------------* 
Pat.tway 

*-----------------------------------------------------------------------------Sources Surface 
Geophysics/ 

Soil Gas 

Surface 
Water/ 

Sedirrents 

Source 
Vmse 

Zooe 
Total 
Cost** 

IX 

216-A-24 

(1) $129,100 (3) $2,JfJ(),000 
(2) $7,SCX) (4) $1,400 

(5) $6,300 

(6) $50,Em 
(7) $5,018,600 

(9) $43,600 

$7,709,700 

X 

216-A-9 

XI 

216-A-7 

(8) $52,400 

(1) $51,SCX) (3) $2,JfJ(),000 (6) $50,Em (9) $43,600 
(2) $3,000 (4) $1,400 (7) $5,018,600 

(5) $6,300 $7,627,600 
(8) $52,400 

(1) $18,200 (3) $2,JfJ(),000 (6) $25,400 (9) $43,600 
(2) $1,100 (4) $1,400 (7) $1,672,9CX) 

(5) $6,300 $4,221,300 
(8) $52,400 

XII (1) $15,600 (3) $2,JfJ(),000 (6) $25,400 (9) $43,600 
(2) $9CX) (4) $1,400 (7) $1,672,9CX) 

216-A-28 (5) $6,300 $4,218,SCX) 
(8) $52,400 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, so i l 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-13. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 200 EAST* 

*----------------------------------------------------------------------------------------* 
Patrway 

*----------------------------------------------------------------------------
Sources SUrface 

Geophysics/ 
Soil Gas 

Grol.llCMater Vadose 
Zrre 

SUrface 
Water/ 

Sedirrents 

XIII 

216-A-4 
216-A-5 
216-A-21 
216-A-27 
216-A-36«\ 

(1) $122,500 (3) $4,7,20,(XX) 
(2) $7,100 (4) $3,500 

(6) $50,Ero (9) $43,600 

XIV 

216-A-6 

(5) $12,500 
(8) $104,9)) 

(1) $34,500 (3) $2,360,(XX) 
(2) $2,(XX) (4) $1,400 

(5) $6,300 
(8) $52,400 

(7) $13,383,(XX) 

(6) $_25,400 (9) $43,600 
(7) $3,345,Ero 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 

.. Source 
Total 
Cost** 

$18,487,9)) 

$5,911,400 

(3). Cluster Wells (Installation/Development/Split Spoon Analysis 
(see Note 3) 

(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-13. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 200 W"' (Continued) 

*--------------------------------------------------------------------------------------------* 
Pattway 

*--------------------------------------------------------------------------------
Sources Surface 

Geophysics/ 
Soil Gas 

I (1) $1,354,100 
(2) $78,600 

Vcrl>se 
Zone 

Surface 
Water/ 

Sedirrents 

-

(3) $3,396,CXX) (6) $42,300 (9) $43,600 
(4) $6,300 (7) $12,007,200 
(5) $7,700 

Source 
Total 
Cost** 

216-S-5 
216-S-6 
216-S-17 
216-S-16P 
216-S-160 

(8) $173,CXX) $17,948,8:x) 

II (1) $125,S(X) 
(2) $7,300 

216-S-1&2 
216-S-7 
216-S-3 
216-S-9 

III (1) $27,400 
(2) $1,600 

216-S-20 

IV (1) $38,300 
(2) $2,200 

216-S-4 
216-S-21 

(3) $4,528,CXX) (6) $42,300 (9) $43,600 
(4) $8,400 (7) $10,245,8:x) 
(5) $10,200 $15,281,700 
(8) $230,600 

(3) $4,528,CXX) (6) $21,150 (9) $43,600 
(4) $8,400 (7) $2,561,400 
(5) $10,200 $7,472,350 
(8) $230,600 

(3) $2,830,CXX) (6) $42,300 (9) $43,600 
(4) $4,200 (7) $5,122,900 
(5) $6,400 $8,287,200 
(8) $157,300 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* -Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, son 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes I through 9 to this table. Number of units for each 
square is specified in Table 2-13. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 200 W* (Continued) 

*--------------------------------------------------------------------------------------------* 
PatlMay 

*------------------------------------------------------------------ -------------
Sources Surf ace 

Geq)hysi cs/ 
Soil Gas 

V (1) $360,400 
(2) $20,n> 

Grot.n:klter Vmse 
Zone 

Surface 
Water/ 

Seclirrents 

(3) $2,830,000 (6) $21,150 (9) $43,60J 
(4) $4,200 (7) $2,561,400 

Source 
Total 
Cost,w, 

216-U-11 (5) $6,400 $6,045,350 

VI 

216-U-3 

(1) $13,n> 
(2) $00) 

VII (1) $21,400 
(2) $1,200 

(8) $157,300 

(3) $2,830,000 (6) $21,150 (9) $43,60J 
(4) $4,200 (7) $2,561,400 
(5) $6,400 $5,678,750 
(8) $157,300 

(3) $2,830,000 (6) $21,150 (9) $43,60J 
(4) $4,200 (7) $2,561,400 

216-Z-1&2 (5) $6,400 $5,686,650 

VIII (1) $25,200 
(2) $1,500 

216-U-1&2 

(8) $157,300 

(3) $2,830,000 (6) $21,150 (9) $43,60J 
(4) $4,200 (7) $2,561,400 
(5) $6,400 $5,690,750 
(8) $157,300 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample , 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-13. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 200 W* (Continued) 

*--------------------------------------------------------------------------------------------* 
Patlway 

*--------------------------------------------------------------------------------
Sources Surf ace 

Geophysics/ 
Soil Gas 

(1) $40,600 
(2) $2,400 

Gl"OlJrl.,,ater 

(3) $2,830,00'.) 
(4) $4,200 

Vcrl>se 
z~ 

(6) $21,150 
(7) $3,842,200 

Surface 
Water/ 

~ill'B'ltS 

-

(9) $43,600 

Source 
Total 
Cost** 

IX 

216-U-4 
216-U-4A 
216-U-48 

(5) $6,400 $6,~7,850 
(8) $157,300 

X (1) $51,400 
(2) $3,00'.) 

(3) $2,830,00'.) (6) $21,150 (9) $43,600 
(4) $4,200 (7) $2,561,400 

216-Z-7 
216-Z-10 

(5) $6,400 $5,718,450 
(8) $157,300 

XI (1) $61,~ 
(2) $3,600 

(3) $2,830,00'.) (6) $21,150 (9) $43,600 
(4) $4,200 (7) $2,561,400 

216-T-19 

XII 

216-T-7 

(1) $53,700 
(2) $3,100 

(5) $6,400 $5,729,550 
(8) $157,300 

(3) $2,830,00'.) (6) $21,150 (9) $43,600 
(4) $4,200 (7) $2,561,400 
(5) $6,400 $5,720,850 
(8) $157,300 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-13. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 200 W* (Continued) 

*--------------------------------------------------------------------------------------------* 
Pattway 

*---------------------------------------------------------------------------------Sources SUrf ace SUrface 
Water/ 

SooilTSlts 

Source 
Total 
Cost** 

Geophysics/ 
Soil Gas 

Vll:>se 
Zone 

XIII (1) $21,400 
(2) $1,200 

(3) $2,830,(XX) (6) $21,150 (9) $43,600 
(4) $4,200 (7) $2,561,400 

216-T-28 (5) $6,400 $5,686,650 

XIV 

216-T-3 

"IN 

216-T-2 
216-T-8 

(1) $13,200 
(2) $fro 

(1) $34,300 
(2) $2,(XX) 

(8) $157,300 

(3) $3,396,(XX) (6) $21,150 (9) $43,600 
(4) $6,300 (7) $2,561,400 
(5) $7,700 $6,263,150 
(8) $173,(XX) 

(3) $3,396,(XX) 
(4) $6,300 
(5) $7,700 
(8) $173,(XX) 

(6) $21,150 
(7) $3,842,200 

(9) $43,600 

$7,566,250 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8). Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

(see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-13. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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TABLE 2-23. SUMMARY OF STAGES JI,III, AND V SITE CHARACTERIZATION COSTS BY 
SOURCE AREA - 300* (Continued) 

*----------------------------------------------------------------------------------------* 
Pattway 

*-----------------------------------------------------------------------------Sources Surf ace Surface 
Water/ 

Sedirrents 

Source 
Total 
Cost* 

316-1 

316-2 

316-3 

Geophysics/ 
Soil Gas 

G~ter Vmse 
Zone 

(1) $159,100 (3) $1,~,000 (6) $9,9CX) 
(2) $9,200 (4) $2,Ero (7) $683,Ero 

(5) $7,9CX) 
(8) $135,Ero 

(1) $223,500 (3) $1,~,000 (6) $9,9CX) 
(2) $13,000 (4) $2,Ero (7) $797,Ero 

(5) $7,9CX) 
(8) $135,Ero 

(1) $63,100 (3) $756,000 
(2) $3,700 (4) 2,100 

(5) 5,9CX) 
(8) $101,Ero 

(6) $9,9CX) 
(7) $683,Ero 

(9) $62,400 

$2,118,9CX) 

(9) $62,400 

$2,301,100 

(9) $62,400 

$1,728,700 

Source Characterization Activity Cost Code: 
(1). Soil Gas (see Note 1) 
(2). Surface Geophysics (see Note 2) 
(3). Cluster Wells (Installation/Development/Split Spoon Analysis 

(see Note 3) 
(4). Aquifer (Slug) Tests (see Note 4) 
(5). Borehole Geophysics (see Note 5) 
(6). Lysimeters (Installation/Data Collection) (see Note 6) 
(7). Soil Borings (see Note 7) 
(8) . Groundwater Sampling (Well Cluster Sample Collection/Analysis) 

{see Note 8) 
(9). Ephemeral Overflow Sampling (Water and Sediment Sample 

Collection/Analysis) (see Note 9) 

* Source Characterization cost elements presented in this table were 
derived as follows: source characterization activity unit costs were 
multiplied by the number of units (well clusters, survey acreages, soil 
borings, etc.) specified for each source. Unit costs derivations 
appear in Notes 1 through 9 to this table. Number of units for each 
square is specified in Table 2-14. 

** Source Total Cost include Work Plan preparation ($8,000) and Remedial 
Investigation Report preparation ($32,000) for each source. 
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NOTE 1 

ESTIMATED SOIL GAS SURVEY COSTS 

o Assume 50 ft. centers; 17 samples per acre per day. 

o Costs below are per acre, with on-site GC analysis. 

Mobilization/Demobilization (pro-rated) 

Field Work 
10 hours/day@ $250/hr 

Direct Expenses 1 day@ $75/day 
vehicle, pipes, supplies 

Per Diem 
2 persons for 1 day@ $75/person/day 

Report Preparation 

1 Supervisor for 1 day 
o Labor 
o Expenses 
o Field Analysis 

Total Soil Gas Surveys 
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$ 100 

2,500 

75 

150 

N/C 

625 

$ 3,450 per Acre 



NOTE 2 

ESTIMATED SURFACE GEOPHYSICS SURVEY COSTS 

o Assume 100 ft. centers; 35 acres per day at 10.0 hrs per day 

Mobilization/Demobilization 

Electromagnetics (all inclusive) 

Magnetometer (all inclusive) 

Total Surface Geophysics Surveys 
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Negligible 

$ 100/acre 

$ 100/acre 

$ 200 per Acre 



fiv, ._ J 
ESTIMATED STAGE II AND III COSTS PER CLUSTER 

FOR SHALLOW MONITORING WELL DRILLING/INSTALLATION/SPLIT SPOON SAMPLING AND ANALYSIS 

Drilling/ Avg . S.S. 
Individual/ Install. Drilling II Spoons Collection/ 
Total Well w/Mat'ls Drums@ Subtotal/ Per Deep Analysis Tot . Cost/ 

Area Footage @ $100/ft. $225/100 ft . Cluster Well Costs* Cluster** 

100 B/C 108/206/304 $ 61,800 $ 1 , 391 $ 63,191 61 $ 6,015 $ 439,256 
= 618 ' (439 , 000) 

100 KE/KW 86/195/304 58,500 1,320 59,820 61 6,015 435,885 
= 585' (436,000) 

100 D/DR 97/226/354 67,700 1,525 69,225 71 6,015 505,440 
= 677' (506 , 000) 

100 H 56/205/354 61,500 1,385 62 , 885 71 6,015 499,100 
= 615' (499,000) 

N 100 F 64/209/354 62,700 1,411 64,111 71 6,015 500 , 326 
I = 627' (500,000) ~ -u, 

200 E 354' 35,400 797 36,197 71 6 , 015 472,412 
(472,000) 

200 W 272/325/380 97,700 2,250 99,950 76 6,015 566,240 
977' (566,000) 

300 57/85 14,200 324 14,524 17 6,015 125,929 
142' (126 000) 

* Assumes collection cost of $150/spoon; 1/2 clusters installed/sampled in Stage II@ $6800/analysis (full suite) + 
1/2 installed in Stage Ill @ $3400/analysis + 15% for Duplicates/Replicates . 

** Includes drilling/installation costs, drilling "non-footage" costs, and total split spoon analytical cost. Non-
footage costs are constant for any well, as follows: 

o Devel opment· - 5 hrs x 2 men x $50/hr 
o Stick-ups, guard posts $ 300 
o Clean- up 200 
o Geologist and H&S person - 2 men x 24 hrs/well x $50/hr 2,400 
o Surveying - $150/well 150 

Per any well $ 3,050 
Pe r cluster $ 9,150 



NOTE 4 

ESTIMATED STAGE II AND III AQUIFER COST 

o Assume costs to conduct and interpret data 

o Assume only 1/3 or 1/2 of the clusters at a given site would be slug 
tested. Wells are sufficiently close that data from that proportion 
will be adequately representative for entire site. 

4 hrs/test 

Labor 

2 staff @ 4 hrs/test= 8 hours x $50/hr = $ 400 per 
Data Analysis 4 hrs/well x 50/hr = 200 per 
Miscellaneous expendables and all 

equipment inclusive 100 per 

$ 700 per 
or 

$2,100 per 
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NOTE 5 

ESTIMATED DOWNHOLE GEOPHYSICS COST FOR STAGE II AND IrI 
GROUNDWATER MONITORING WELLS 

Assumptions for equipment/operator time, labor, etc., as footnoted below; 
footage costs are area-specific. This is a per cluster cost, although 
downhole geophysics will only be run on deepest well of each cluster. 

Footage of 
Area Deepest Well 

100 B/C 300 

100 KE/KW 300 

100 D/DR 350 

100 H 350 

100 F 350 

200 E 350 

200 W 380 

300 85 

* Downhole Geophysics; Shallow (Unconfined) Aquifer 

Assume 

o $1/foot for suite of tools applied against depth 
of deepest well in cluster in each area. 

Equipment & Engineer - $450 per cluster 

H & S person 4 hrs - $50/hr - $200 per cluster 

Misc. charges per cluster - $250 per cluster 

Prorated Mobilization 
Per diem 
Computer Logs 
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Total Cost x 
$1/ft + Fixed 
Cost of $900* 

$ 1,200 

$ 1,200 

$ 1,250 

$ 1,250 

$ 1,250 

$ 1,250 

$ 1,280 

$ 985 

$ 450 

200 

250 

$ 900 fixed cos t 



NOTE 6 

ESTIMATED LYSIMETER INSTALLATION COSTS* 

Unit Cost 
of a 

Area Footage to Boring $ Drums Fixed** Lysimeter Borehole Lysimeter 
Groundwater @ $49/ft. $225/100 feet Costs Cost Geophys.*** Cost each Area 

100 B/ C 

J.00 KE/KW 

00 D/DR 

00 H 

00 F 

00 E 

~oo w 

100 

94 $ 4,606 $ 215 $5,000 $ 1,750 $ 994 $12,565 
(12,600) 

72 3,528 162 5,000 1,750 972 11,412 
(11,400) 

83 4,067 187 5,000 1,750 983 11,987 
(12,000) 

42 2,058 95 5,000 1,750 942 9,845 
(9,850) 

so 2,450 113 5,000 1,750 950 10,263 
(10,250) 

340 16,660 765 5,000 1,750 1,240 25,415 
(25,400) 

258 12,642 581 5,000 1,750 1,158 21, 131 
(21,150) 

43 2,107 97 5,000 1,750 943 9,897 
(9,900) 

* Lysimeter installation costs were derived by modifying the Estimated Soil Boring 
Costs to reflect the additional labor of lysimeter installation in the open 
borehole and the lysimeter material costs. 

** Fixed Costs - Additional Labor (over soil boring cost) for installation 
of lysimeters: 

3 men x 10 hrs/day x 2 days x $50/hr = $3,000 

*** $900 per hole fixed rate and $1/ft per Borehole Geophysics costing shee ~ 

2-118 



N01 

ESTIMATED STAGE II AND III SOIL BORING COSTS 

Area Footage to Boring $ Drums Fixed* Total Cost No. Split Avg. S.S. Tot .Cost/Boring 
Groundwater @ $49/ft. $225/100 ft. Costs Eer Boring SEoons Analisis Cost w/s.s. Analisis 

100 B/C 94 $ 4,606 $ 212 $2,000 $ 6,818 19 $ 5,865 $ 118,235 
(6,800) 

100 KE/KW 72 3,528 162 2,000 5,690 14 5,865 84,810 
(5,700) 

100 D/DR 83 4,067 187 2,000 6,254 17 5,865 105,955 
(6,250) 

100 H 42 2,058 95 2,000 4,153 8 5,865 51,070 
(4,150) 

100 F 50 2,450 113 2,000 4,563 10 5,865 63,200 
N (4,550) I .... .... 
~ 200 E 340 16,660 765 2,000 19,425 68 5,865 418,220 

(19,400) 

200 W 258 12,642 581 2,000 15,223 52 5,865 320,180 
(15,200) 

300 43 2,107 97 2,000 4,204 9 5,865 56,985 
(4,200) 

* "Non-footage Costs" (Constant for any Boring - Assumed) 
0 Driller labor for decon, clean-up, etc. 

3 hrs x $150/hr $450/boring 
0 Drilling expendables (grout, HE.S equipment, etc.) = $200/boring 
0 Surveying = $150/boring 
0 Geologist and HE.S Specialist 

2 men x 12 hrs/day x $50/hr = $1,200/boring 

Total = $2,000/boring 



NOTE 8. ST AGE I I & I II 
TOTAL COSTS FOR GROUNDWATER SAMPLING LABOR AND ANALYSIS 

source stage 2 stage 2 per stage 2 stage 2 I stage 3 stage 3 stage 3 stage 3 total 
cluster* gw sample* cluster sampling analysis cost jgw clusters* gw samples* sal11)1ing labor analysis cost stage 2 + 3 

labor labor*** (#samples X $7130) I *** (#samples X $3570) costs 
cost** **** I **** 

100 B/C 12 36 3750 $45,000 $256,680 20 60 $75,000 $214,200 $590,880 
$0 $0 

116-B-1 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147,720 
116-B-4 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147,720 
116-C-l 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147,720 
116-C-2 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147,720 

$0 $0 $0 $0 
100 KE/K'IJ 21 63 3750 $78,750 $449,190 35 105 $131. 250 $374,850 $1,034,040 

$0 $0 
100-KW*l 3 9 3750 $11. 250 $64,170 5 15 $18,750 $53,550 $147,720 
100-K\1*2 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147 , 720 

N 100-KE*l 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147.720 
I 100-KE*2 3 9 3750 $11. 250 $64,170 5 15 $18,750 $53,550 $147,720 ..... 

N 116-K-l 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147.720 0 
116-K-2 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147,720 
116-KE-2 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147,720 

$0 $0 
100 DIOR 15 45 3750 $56 ,250 $320,850 25 75 $93,750 $267,750 $738,600 

$0 $0 
116-DR-l 3 9 3750 $11 ,250 $64,170 I 5 15 $18,750 $53,550 $147,720 
116-DR-2 3 9 3750 $11,250 $64,170 I 5 15 $18,750 $53,550 $147,720 
116-DR-1B 3 9 3750 $11 , 250 $64,170 I 5 15 $18,750 $53,550 $147,720 
116-DR-6 3 9 3750 $11. 250 $64,110 I 5 15 $18,750 $53,550 $147,720 
116-DR-7 3 9 3750 $11,250 $64,170 I 5 15 $18,750 $53,550 $147 .720 

$0 $0 
100 H 9 27 3750 $33,750 $192,510 15 45 $56,250 $160,650 I $443,160 

$0 $0 
116-H-l 3 9 3750 $11,250 $64,110 I 5 15 $18,750 $53,550 $147.720 
116-H-2 3 9 3750 $11,250 $64,110 I 5 15 $18,750 $53,550 $147,720 
116-H-3 3 9 3750 $11,250 $64,110 I 5 15 $18,750 $53,550 $147,720 

$0 $0 
100 F 18 54 3750 $67,500 $385,020 30 90 $112,500 $321,300 $886,320 

$0 $0 
116-F-l 3 9 3750 $11. 250 $64,110 I 5 15 $18,750 $53,550 $147,720 
116-F-2 3 9 3750 $11. 250 $64,110 I 5 15 $18,750 $53,550 $147.720 

- -



NOTE 8. STAGE I I & III 
TOTAL COSTS FOR GROUNDWATER SAMPLING LABOR AND ANALYSIS (Continued) 

source stage 2 stage 2 per stage 2 stage 2 I stage 3 stage 3 stage 3 stage 3 total 

cluster* gw sample* cluster sampling analysis cost jgw clusters* gw samples* sampling labor analysis cost stage 2 + 3 

labor labor*** (#samples X $7130) I *** (#samples X $3570) costs 
cost** **** I **** 

116-F-3 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147,720 

116-F-6 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147,720 

116-F-9 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147,720 

116-F-10 3 9 3750 $11,250 $64,170 5 15 $18,750 $53,550 $147,720 
$0 $0 

200 EAST 51 51 1650 $84,150 $363,630 I 83 83 $136,950 $296,310 $881,040 
$0 $0 

Source I 8 8 1650 $13,200 $57,040 I 13 13 $21,450 $46,410 $138,100 

216-B-43 $0 $0 I $0 $0 $0 

216-B-44 $0 $0 I $0 $0 $0 
N 216-B-45 $0 $0 I $0 $0 $0 
I .... 216-8-46 $0 $0 I $0 $0 $0 

N .... 216-B-48 $0 $0 I $0 $0 $0 

216-B-49 $0 $0 I $0 $0 $0 

216-B-50 $0 $0 I $0 $0 $0 

Source II 3 3 1650 $4,950 $21,390 I 5 5 $8,250 $17,850 $52,440 

216- B-7a&7b $0 $0 I $0 $0 $0 
$0 $0 I $0 $0 $0 

Source 111 3 3 1650 $4,950 $21,390 5 5 $8,250 $17,850 $52,440 

216-B-2-2 $0 $0 $0 $0 $0 
$0 $0 $0 $0 $0 

Source IV 3 3 1650 $4,950 $21,390 6 6 $9,900 $21,420 $57,660 

216-B-5 $0 $0 $0 $0 $0 
$0 $0 $0 $0 $0 

Source V 4 4 1650 $6,600 $28,520 7 7 $11,550 $24,990 $71,660 

216-B-10-A $0 $0 $0 $0 $0 

216-B-6 $0 $0 $0 $0 $0 
$0 $0 $0 $0 $0 

Source VI 3 3 1650 $4,950 $21,390 5 5 $8,250 $17,850 $52,440 

216-C- l $0 $0 $0 $0 $0 

216-C-10 $0 $0 $0 $0 $0 
$0 $0 $0 $0 $0 

Source VI I 3 3 1650 $4,950 $21. 390 5 5 $8,250 $17 ,850 $52,440 

216-B- 16 $0 $0 $0 $0 $0 
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NOTE 8. STAGE II & III 
TOTAL COSTS FOR GROUNDWATER SAMPLING LABOR AND ANALYSIS (Continued) 

source stage 2 stage 2 per stage 2 stage 2 I stage 3 stage 3 stage 3 stage 3 total 
cluster* gw sample* cluster sampling analysis cost lgw clusters* gw samples* sall1)ling labor analysis cost stage 2 + 3 

labor labor*** (fsall1)les X $7130) I *** (#samples X $3570) costs 
cost** **** I **** 

Source VI I I 3 3 1650 $4,950 s21. 390 I 5 5 $8 ,250 $17,850 $52,440 
216-A-40 $0 so I $0 $0 $0 

$0 $0 $0 $0 $0 
Source IX 3 3 1650 $4,950 $21,390 5 5 $8,250 $17,850 $52,440 
216-A-24 $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
Source X 3 3 1650 $4,950 $21,390 5 5 $8,250 $17,850 $52,440 

216-A-9 $0 $0 $0 $0 $0 
$0 $0 $0 $0 $0 

Source XI 3 3 1650 $4,950 $21. 390 5 5 $8 , 250 $17,850 $52,440 
216-A-7 $0 $0 $0 $0 $0 

N $0 $0 $0 $0 $0 
I ...... Source XII 3 3 1650 $4,950 $21,390 5 5 $8,250 $17,850 $52 ,440 

N 
N 216-A-28 $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
Source XI II 6 6 1650 $9,900 $42. 1ao I 10 10 $16,500 $35,700 $104,880 

216-A-4 $0 $0 $0 $0 $0 
216-A-5 $0 $0 $0 $0 $0 
216-A-21 $0 $0 $0 $0 $0 
216-A-27 $0 $0 $0 $0 $0 
216-A-36A $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
Source XIV 3 3 1650 $4 ,950 $21,390 5 5 $8,250 $17,850 $52,440 

216-A-6 $0 $0 $0 $0 $0 
$0 $0 $0 $0 $0 

200 WEST 48 141 4950 $237 ,600 $1,005,330 84 252 $415,800 $899,640 .S2,558,370 
$0 $0 $0 $0 $0 

Source I 3 9 4950 $14,850 $64,170 6 18 $29,700 $64,260 $172,980 
216-S-5 $0 so I $0 $0 $0 
216-S-6 $0 $0 I $0 $0 $0 
216-S-17 $0 so I $0 $0 $0 
216-S-16P $0 $0 I $0 $0 $0 
216-S-16D $0 $0 I $0 $0 $0 



NOTE 8. STAGE II & Ill 
TOTAL COSTS FOR GROUNCMATER SAMPLING LABOR AND ANALYSIS (Continued) 

source stage 2 stage 2 per stage 2 stage 2 I stage 3 stage 3 stage 3 stage 3 total 
cluster* gw sample* cluster sampling analysis cost jgw clusters* gw samples* sampling labor analysis cost stage 2 + 3 

labor labor*** (#samples X $7130) I *** (#samples X $3570) costs 
cost** **** I **** 

Source I I 4 12 4950 $19,800 $85,560 8 24 $39,600 $85,680 $230,640 
216-S-1&2 $0 $0 $0 $0 $0 
216-S-7 $0 $0 $0 $0 $0 
216-S-3 $0 $0 $0 $0 $0 
216-S-9 $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
Source I I I 4 12 4950 $19,800 $85,560 8 24 $39,600 $85,680 $230,640 

216-S-20 $0 $0 $0 $0 $0 
$0 $0 $0 $0 $0 

Source IV 3 9 4950 $14,850 $64,170 5 15 $24,750 $53,550 $157,320 
216-S-4 $0 $0 $0 $0 $0 

N 216-S-21 $0 $0 $0 $0 $0 I .... $0 $0 $0 $0 $0 N 
w Source V 3 9 4950 $14,850 $64,170 5 15 $24,750 $53,550 $157,320 

216-U-ll $0 $0 $0 $0 $0 
$0 $0 $0 $0 $0 

Source VI 3 9 4950 $14,850 $64,170 5 15 $24,750 $53,550 $157,320 
216-U-3 $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
Source VI I 3 9 4950 $14,850 $64,170 5 15 $24,750 $53,550 $157,320 
216-Z-1&2 $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
Source VIII 3 9 4950 $14,850 $64,170 5 15 $24,750 $53,550 $157,320 
216-U-1&2 $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
Source IX 3 9 4950 $14,850 $64,170 5 15 $24,750 $53,550 ' $157,320 
216-U-4 $0 $0 $0 $0 $0 
216-U-4A $0 $0 $0 $0 $0 
216-U-4B $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
Source X 3 9 4950 $14,850 $64,170 5 15 $24.750 $53,550 $157,320 
216-Z-7 $0 $0 $0 $0 $0 
216-Z-10 $0 $0 $0 $0 SOI 



NOTE 8. STAGE II & III 
TOTAL COSTS FOR GROUNl1.IATER SAMPLING LABOR AND ANALYSIS (Continued) 

source stage 2 stage 2 per stage 2 stage 2 I stage 3 stage 3 stage 3 stage 3 total 
cluster* gw sample* cluster sampl ing analysis cost lgw clusters* gw samples* sa~ling labor analysis cost stage 2 + 3 

labor labor*** (#sa~les X $7130) I *** (#samples X $3570) costs 
cost** **** I **** 

Source XI 3 9 4950 $14,850 $64,170 5 15 $24.750 $53,550 $157,320 
216-T-19 $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
Source XI I 3 9 4950 $14,850 $64,170 5 15 $24.750 $53,550 $157,320 
216-T-7 $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
Source XI II 3 9 4950 $14,850 $64,170 5 15 $24 ,750 $53,550 $157,320 

216-T-28 $0 $0 $0 $0 $0 
$0 $0 $0 $0 $0 

Source XIV 3 9 4950 $14 ,850 $64,170 6 18 $29.700 $64,260 $172,980 

N 216-T-3 $0 $0 $0 $0 $0 
I $0 $0 $0 $0 $0 ~ 

N Source XV 3 9 4950 $14 ,850 $64 , 170 6 18 $29,700 $64,260 $172,980 .,:,. 
216-T- 2 $0 $0 $0 $0 $0 
216-T-8 $0 $0 $0 $0 $0 

$0 $0 $0 $0 $0 
300 AREA 11 22 $0 $156 ,860 22 44 $0 $157,080 $313,940 

$0 $0 $0 $0 $0 
316-1 4 8 1800 $7,200 $57,040 8 16 $14,400 $57,120 $135.760 

$0 $0 $0 $0 $0 
316-2 4 8 1800 $7,200 $57,040 8 16 $14,400 $57,120 $135.760 

$0 $0 $0 $0 $0 
316-3 3 6 1800 $5,400 $42,780 6 12 $10,800 $42,840 $101,820 

* NUlft>ers of clusters/groundwater sa~les per source per stage were derived fran Table 3-2. 
** See Note 8A. 

*** Nurmer of clusters sampled X per cluster sampling cost . 
**** See Note 8C . 



NOTE BA 

ESTIMATED COSTS FOR STAGE V 
WELL CLUSTER SAMPLING 

Per Cluster 
Area DeEth/Cost* DeEth/Cost* DeEth/Cost* Total** · 

100 B/C 108/$900 206/$1200 304/$1650 $ 3,750 

100 KE/KW 86/$900 195/$1200 304/$1650 3,750 

100 D/DR 97/$900 226/$1200 354/$1650 3,750 

100 H 56/$900 205/$1200 354/$1650 3,750 

100 F 64/$900 209/$1200 354/$1650 3,750 

200 E 354/$1650 1,650 

200 W 272/$1650 325/$1650 380/$1650 4,950 

300 57/$900 85/$900 1,800 

* Per well labor/materials cost breakdown, as detailed in Note 8B. 

** This represents the cost to sample any one cluster of wells in the area in 
question. 
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NOTE 8B 

ESTIMATED COSTS FOR STAGE II & III 
WELL CLUSTER SAMPLING (Continued) 

1. Average 80' Well 

o Install pump/purge/withdraw pump 
3 hrs x 3 men x $50/hr 

o Decon and Sample 
1 hr x 3 men x $50/hr 

o Dedicated bailer $200 

o Equipment rental/expendables 

2. Average 150-175' Well 

o 5 hrs x 3 men x $50/hr 

o 1 hr x 3 men x $50/hr 

0 $200 

o Equipment rental/expendables 

3. Average 300-330' Well 

o 7 hrs x 3 men x $50/hr 

o 2 hrs x 3 men x $50/hr 

o $200 

o Equipment rental/expendables 
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Total 

Total 

Total 

$ 450 

150 

200 

100 

$ 900 

$ 705 

150 

200 

100 

$1,200 

$ 1,050 

300 

200 

100 

$1,650 



NOTE 8C 

ESTIMATED LABORATORY ANALYTICAL COSTS FOR SOILS AND WATER 

Assume Laboratory Analysis Per Sample; Entire Appendix, 9 suite, Radionuclides, 
4 pesticides* 

Compound 

Organics 

vox 
Semi voe 

Chlorine 
Dioxius 

Ferunds 

Inorganics 

Pesticides 

Organo chlorine 
PCB 
Pesticide 

Orthophosphate Pesticides 

Cost in Soil 

580 
1,020 

1,000 

590 

360 

360 

Radionuclides 2,855 
(complete suite on 
the Hanford Reservation) $ (6,800) 

Subtotal 6,765 

Total Analytical Cost per $ 7,820 
Sample for Stage II Analysis** 

Total Analytical Cost per 
Sample for Stage III 
Analysis*** 

$ 3,910 

Cost in Water 

500 
950 

850 

440 

300 

300 

2,855 

$ 6,200 

$ 7,130 

$ 3,570 

* Note: Herbicides are not included in the Totals for soil and water: Soil cost 
275 each species and water cost 200 each species. 

** Assumes 15% increase for duplicates and replicates 

**** It is assumed that by Stage III, the suite of analytes required can be· 
reduced based upon evaluation of Stage II findings. A cost reduction of 
50% is assumed. 
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NOTE 9 

ESTIMATED "EPHEMERAL OVERFLOWS" SURFACE WATER/SEDIMENT SAMPLES COLLECTION COSTS 

Per Sample Pt. (1 Surface Water+ 1 Sediment), Excluding Analysis 

o 2 Men x 6 hrs x $50/hr 

o Expendables 

Sample Collection Cost Per Point 

o Analytical Cost (per estimated laboratory 
Analytical costs for Soils and Water Sheet) 
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$ 

$ 

600 

50 

650 

$14,950 

$15,600 



TABLE 2-23. SUMMARY OF UNCONFINED AQUIFER CHARACTERIZATION COSTS* 

---- --- ------------ ---- -- ------- ------- --------- --- --------------- ---
Pathway 

Area 
Groundwater 

100 8/ C $959,100 

100K KE/KW $959 , 100 

100 0/DR $959,100 

100 H $959 , 100 

100 F $959,100 

200 E $959,100 

200 W $959 , 100 

300 $959,100 

Total $7,672,800 

*Costs include estimated well installation , development, borehole 
geophysics, sampling and laboratory analysis . (see Notes A, 8, 
C and 0) 
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NOTE A 
ESTIMATED BASALT GROUNDWATER MONITORING WELL 

INSTALLATION/DEVELOP~IBNT COSTS 

o Estimated 1100' 300' to basalt w/8" surf. casing cemented in; 
800' into basalt - open hole completion 

o Drill & Set 8 11 Surface Casing w/Tricone bit 
300' X $200/ft* 

o Drill additional 400' w/hammer bit 
800' X $200/ft* 

o Well Development - Air first, then Pump 
6 hrs x $200/hr 

o Guard Posts - $300 

0 Clean-up - $200 

0 Stand-by - $200/hr x 2 hrs 

o Drums 

11" hole X 300' = 198 cu. ft. 
6 II hole X 400 1 78 cu. ft. 

27 6 cu. ft. X 

1.3 Expansion Factor = 359 cu . 

359 cu . ft./7 cu . ft./drum = 51 drums per well 
51 drums x $75/drum 

o Geologist and H & S person labor 

Surface casing 
2 men x 36 hrs x $50/hr 

Deep hole in basalt 

ft. 

2 men x 8 days x 12 hrs/day x $50/hr 

Development 
2 men x 6 hrs x $50/hr 

0 Expendables 

0 Surveying 

TOTAL COST PER BASALT WELL 

*Assumes safety facility included with drilling. 
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$ 60,000 

$160,000 

$ 1,200 

$ 300 

$ 

$ 

200 

400 

$ 3,825 

$ 3,600 

$ 9 , 600 

$ 

$ 

$ 

600 

200 

250 

$240,175 



NOTE B 

ESTIMATED BASALT GROUNDWATER MONITORING WELL 
SAMPLING COSTS 

Assume Average Well Depth= 700 feet 

o Install pump/purge/withdraw pump 
8 hours x 3 men x $SO/hour 

o Decon and sample 
4 hours x 3 men x $SO/hour 

o Dedicated bailer 

o Equipment rental/expendables 
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Total 

$1200 

600 

200 

500 

$2500/well 



I ' 

NOTE C 

ESTIMATED DOWNHOLE GEOPHYSICS COSTS FOR STAGE IV 
GROUNDWATER MONITORING WELLS 

o $1/foot - Average well depth= 700 ft. 
Assume 8 hours per hole drop 
$700 per suite per well 

o Engineers and Equipment 

o H & S - 8 hr - $50/hr 

o Miscellaneous 

ESTIMATED STAGE IV AQUIFER TEST COSTS 

o Assume costs to conduct and interpret data 

o 48 pump tests 

o Assume that no discharged well water will be 
contained 

Labor 

2 staff@ 55 hrs/test= 8 hrs X $50/hr 
Data Analysis 4 hrs/well X $50/hr 
Miscellaneous expendables and all 

equipment inclusive 
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= 

$ 700 

900 

400 

300 

$ 2,300 per well 

$ 5,500 per well 
200 per well 

2,000 per well 

$ 5,700 per well 



' I 

NOTED 

ESTIMATED BASALT GROUNDWATER AND CORE ANALYTICAL LABORATORY COSTS 

Assume 4 water samples from the basalts 

o 4 water samples @ $7,130 

Assume a sample every 5 ft. from a 400 ft 
length of coring 

o 80 samples per well @ $7,820 

Total Cost per Well 
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$28,520 

$625 ,600 

$654,120 



Draft September 3, 1987 

develop assumptions on the 1ateral and vertical migration of the wastes in 
order to determine which of the selected remedial alternatives, or 
combination of alternatives would be applied : The remedial alternatives and 
their associated unit costs are: 

Alternative 

Cap/Cover Systems 
Grouting In-Situ 
In-Situ Vitrification 
Soil Flushing 
Groundwater treatment 
Excavation 

Unit Cost 

$45/Sq Yd of Surface Area 
$60/Cu Yd of Contaminated Soil 
$389/Cu Yd of Contaminated Soil 

$35/Cu Yd of Contaminated Soil 
$47/Cu Yd of Soil Treated 

$365/Cu Yd excavated(!) 

(1)$689/Cu Yd if thermal treatment is required prior to disposal . 

The Waste Management Operations Report, Vol. 2, was reviewed and 
site 216-S - 1&2 was selected to develop a representative scenario . Because a 
description of the extent of contaminant spread was not available for the 
other 80 sites, the information available for site 216-S-l&S was generalized 
in an attempt to describe the remaining sites. The application of the 
available site 216-S-1&2 information was applied to the remaining sites 
using the following assumptions: 

o Lateral migration appeared to be mainly caused by the occurrence of 
clay lenses or caliche at depths of 30 to 50 feet under many of the 
sites 

o The sites were not lined and the seepage of liquids from the site 
into and through the soil column was expected to be similar 

o Except for ponds and reverse wells, it was assumed that disposal 
conditions (hydraulic head, geologic substrat, rate of seepage .. . ) 
at each unit type were roughly the same 
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o Because records did not indicate that a perched water table was 
created beneath a disposal pond or that sites near disposal ponds 
were inundated by subsurface lateral flow from ponds, it was 
assumed that the seepage from ponds was able to penetrate, dissolve 
and pass through discontinuities in the caliche or clay semi
permeable layers. Some lateral spread was expected, but, because 
additional information was unavailable, the same spread dimension 
described at site 216-S-1&2 was used. (Because the pond dimension 
are so large, the addition of this spread dimension is 
relatively insensitive for an order-of-magnitude analysis). 

o Reverse wells and dry wells are assumed to penetrate through the 
caliche layer but may lie within or above clay lenses that promote 
lateral spread. A clay lens is not expected to reduce vertical 
migration as much as a continuous caliche layer will. For -this 
reason, and because of the large hydraulic pressures expected from 
these diagonal types, the lateral extent of contamination was again 
expected to be similar to site 216-S-1&2. 

The lateral migration of radionuclides at site 216-S-1&2 is about 115 
feet on each side (the concentration of radionuclides decreased to~ 10- 4 

uCi/gm outside that point) and it appears to be about average. Using the 
115 feet as the average extent of lateral migration, we then calculated an 
approximate area for cap/cover or volume for excavation as follows: 

A= (L + 230 + D)(W + 230 + D) and 
V =Ax D where 
L = length 
W = Width 
D = Depth of excavation 

(1) 

and site slopes are assumed to be 1:1. The maximum depth of excavation was 
limited to 60 feet to negate the need for shoring. 

For the in-situ treatment processes (grout-in-place, in-situ 
vitrification and solution mining) the volume of soil treated is given by: 
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Vol = (L + 230)(W + 230)Z (2) 

Where Z = the thickness of the soil column to be treated 

This volume was adjusted by the soil void fraction for the solution 
mining alternative, which was taken as 0.20. For solution mining it was 
further assumed that ten volume charges would be required to completely 
flush the soil. 

Other assumptions used include: 

Cap/Cover: 

Grout-in-Place: 

In-Situ 
Vitrification: 

Excavation/ 
Disposal: 

An additional 20 feet on each side beyond the 
contaminated zone. 

The maximum depth was 160 feet or to the ground 
water elevation which ever was less . This limit of 
160 feet is based on the available data from the 
S1&2 site which shows a maximum depth of 
concentrated contaminants of 150 feet. The 
recommended depth for grouting is 10 feet below 
this contaminated zone. 

The vitrification zone extended from 10 feet above 
the waste, (i.e., bottom of crib, pond, etc.) to a 
maximum depth of 50 feet. 

Available information regarding the chemicals 
disposed of in each site was reviewed and only 
those sites containing chemical wastes which can be 
thermally destroyed were assumed to be treated in 
such a manner, otherwise direct disposal following 
packaging was assumed. 
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Soil flushing was assumed to be used only to a 
depth of 250 feet or to the depth of the ground 
water, whichever was less. 

Costs associated with recovery and treatment of 
contaminated groundwater were estimated from the 
soil flushing scenario. Treatment costs were 
added. 

The "No Action" cost is given whenever the original contaminants may have 
already been flushed through the soil. For these sites a cost associated 
wi th fencing the site was identified including a 200 foot buffer around the 
estimated laterally contaminated area, and monitoring the site. Monitoring 
costs are annual costs incurred during each of the assumed 100 years of 
institutional control . 

For some of the sites where more than one technology was identified as 
be i ng applicable, we have developed cost that reflect this combination of 
technologies. An example would be a site where excavation to 60 feet was 
identified along with solution mining to 250 feet . Since solution mining 
may not be highly efficient, especially for the non-soluble contaminants, 
and excavation would not reach the contaminants below 60 feet, we have 
calculated the combined cost of excavating to 60 feet followed by solution 
mining the from 60 feet to 250 feet below grade . 

Using these assumptions a table was developed identifying all of the 
costs associated wtih each of the technologies previously identified as 
appropriate for each site. Table 2-24 shows these costs and identifies the 
range of costs. 
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I Hanford Inactive Was te Site Study . Table 2-24 
I 
I 81 Priority Sites Rec0111T1ended for Phase II Characterizat ion. 

I I CAPPING TECHNIQUE 
1------ -- ----- --- ---- --- ------ ----- ------------------- --- -- -------- -- -- --- - 1--- -------------------- ------ ---- -------------- ----- ----------- ----
I 1------ - Unit Type (feet)-- -1 I Surface FS ENG RA Mon Total 

I Site No. (1) Unit Type (12) Depth Length Width Diameter !Area (sq yd) ($) ($) ($) ($) Cost (S) 

--------------------------------- -- ---------------------- --- -------------- ---------- -- ---------------------- --- ------------------------- ----
116-B-1 Trench 20 100 10 11,511 200,000 n.700 518,000 1,800,000 2,595,700 

2 116-B-4 French Drain 20 4 0 0 0 0 0 0 
3 116-C-1 Trench 25 500 50 0 0 0 0 0 0 
4 116-C-2 Crib 20 140 100 16,856 300,000 75,850 758,500 1,800,000 2,934,350 
5 116-D - 1B Trench 15 100 10 11,511 200,000 n,100 518,000 1,800,000 2,595,700 
6 116-DR-1 Trench 20 300 15 0 0 0 0 0 0 
7 116-DR-2 Trench 20 150 10 0 0 0 0 0 0 
8 116-DR-6 Trench 10 50 10 9,956 100,000 89,600 448,000 1,800,000 2,437,600 
9 116-DR-7 Crib 10 5 5 8,403 100,000 75,625 378,125 1,800,000 2,353,750 

10 116-F-1 Trench 10 3000 40 112,633 300,000 506,850 5,068,500 1,800,000 7,675,350 
11 116- F-2 Trench 15 300 50 0 0 0 0 0 0 
12 116-F-3 Trench 8 100 20 11,922 200,000 80,475 536,500 1,800,000 2,616,975 
13 116-F-6 Trench 10 300 100 0 0 0 0 0 0 
14 116-F-9 Trench 10 500 15 0 0 0 0 0 0 

I'\) 
15 116- F-10 French Dra in 10 3 6,504 58,535 I 100,000 292,675 1,800,000 2,251,210 ...... 
16 15 w 116-H-1 Trench 200 25 0 0 0 0 0 0 

~ 17 116-H-2 Trench 6 275 100 22,406 300,000 100,825 1,008,250 1,800,000 3,209,075 
18 116-H -3 French Drain 15 3 6,504 100,000 58,535 292,675 1,800,000 2,251,210 
19 100 ICE*1 Dry Well (11&12) 4 4 4 8,342 100,000 75,076 375,380 1,800,000 2,350,456 
20 100 ICE*2 French Drain (12) 3 0 0 3 6,504 100,000 58,535 292,675 1,800,000 2,251,210 
21 100 ICW*1 Dry Well (11&12) 4 4 4 8,342 100,000 75,076 375,380 1,800,000 2,350,456 
22 100 ICW*2 French Drain (12) 3 3 6,504 100,000 58,535 292,675 1,800,000 2,251,210 
23 116-IC-1 Crib 30 400 0 0 0 0 0 0 
24 116- IC -2 Trench 20 4000 50 0 0 0 0 0 0 
25 116-ICE-2 Crib 32 16 16 9,088 100,000 81,796 408,980 1,800, 000 2,390,n6 
26 216-B-43 Crib 15 
27 216-B-44 Crib (12) 15 
28 216-B-45 Crib (12) 15 
29 216-B-46 Crib (12) 15 150 300 0 0 0 0 0 0 
30 216-B-48 Crib (12) 15 
31 216-B-49 Crib (12) 15 
32 216-B-50 Crib (12) 15 
33 216-B-2-2 Ditch 8 2350 15 0 0 0 0 0 0 
34 216-B-5 Reverse Weil 302 0.67 0 0 0 0 0 0 
35 216-B-6 - Reverse Well 75 0.5 6,385 100,000 57,468 287,339 1,800,000 2,244,807 
36 216-B-7 A&B Crib 14 14 14 0 0 0 0 0 0 
37 216- B-10A Crib 20 14 14 8,962 100,000 80,656 403,280 1,800,000 2,383,936 



Hanford Inact i ve Was te Si te Study . Tab l e 2-24 

81 Priority Sites Recomnended for Phase II Characterizat i on . 
GROUT - IN -PLACE TECHNIQUE 

---- ---- ----- --- --- ---------- ---- ----- ----------- ------- ---- ------- ---- ----- ------ -- ------ ---- ----- ------------- ---------------- -- ---- --------- ------ --------
!· -- - · -- Unit Type (feet)- - -! Surface Grouting FS ENG RA Mon Total 

Site No. (1) Unit Type (12) Depth Length Width Diameter !Area (sq yd) Depth (yd) ($) ($) ($) ($) Cost ($) 

-- -- -- --------- ------- --- --- ---- ------- --- ----- -- --- ------------- --- --- --- ----- -- --- -- -- ---- ------- --- -- --- -- ----- -------- ------- -------------- ---- ----- ----
1 116-8-1 Trench 20 100 10 8,800 0 0 0 0 0 0 

2 116-8-4 French Drain 20 4 4,n8 24 100,000 1,357,055 6,785,275 1,800,000 10,042,330 

3 116-C-1 Trench 25 500 50 22,711 14 300,000 1,700,000 18,623,111 1,800,000 22,423,111 

4 116-C-2 Crib 20 140 100 13 , 567 0 0 0 0 0 0 

5 116-0- 18 Trench 15 100 10 8,800 0 0 0 0 0 0 

6 116-DR-1 Trench 20 300 15 14,428 19 200,000 1,800, 000 16,159,111 1,800,000 19,959,111 

7 116-DR-2 Trench 20 150 10 10, 133 19 200,000 1,702,400 11,349,333 1,800,000 15,051 , 733 
8 116-DR-6 Trench 10 50 10 7,467 0 0 0 0 0 0 

9 116-DR-7 Crib 10 5 5 6,136 0 0 0 0 0 0 
10 116-F-1 Trench 10 3000 40 96,900 4 300,000 1,700,000 25,194,000 1,800,000 28,994,000 
11 116-F-2 Trench 15 300 50 16,489 0 0 0 0 O' 0 

12 116- F-3 Trench 8 100 20 9,167 0 0 0 0 0 0 
13 116-F -6 Trench 10 300 100 19,433 12 300,000 1,399,200 13,992,000 1,800,000 17,491,200 
14 116-F-9 Trench 10 500 15 19,8n 17 200,000 1, 800,000 19,872,222 1,800,000 23,672,222 
15 116- F-10 French Drain 10 3 4,738 0 0 0 0 0 0 

N 
I 16 116-H-1 Trench 15 200 25 12,183 14 200,000 1, 535,100 10,234,000 1,800,000 13,769,100 ..... 

17 116-H-2 Trench 6 275 100 w 18,517 0 0 0 0 0 0 
\0 18 116-H-3 French Drain 15 3 4,738 0 0 0 0 0 0 

19 100 KE*1 Dry Well (11&12) 4 4 4 6,084 0 0 0 0 0 0 
20 100 KE*2 French Drain (12) 3 0 0 3 4,738 0 0 0 0 0 0 
21 100 KW*1 Dry Well (11&12) 4 4 4 6,084 0 0 0 0 0 0 
22 100 KW*2 French Drain (12) 3 3 4,738 0 0 0 0 0 0 
23 116-K-1 Crib 30 400 34,636 0 0 0 0 0 0 
24 116-K-2 Trench 20 4000 50 131,600 11 300,000 1,700, 000 89,488,000 1,800,000 93,288,000 
25 116-KE-2 Crib 32 16 16 6,724 23 100,000 1,828,928 9,144,640 1,800,000 12 ,873,568 
26 216-8-43 Crib 15 
27 216-8-44 Cr ib (12) 15 
28 216-8-45 Crib (12) 15 
29 216-8-46 Crib (12) 15 150 300 22,378 53 300,000 1,700,000 71,608,889 1,800,000 75,408, 889 
30 216-8-48 Crib (12) 15 
31 216-8-49 Crib (12) 15 
32 216-8-50 Crib (12) 15 
33 216-8-2-2 Di t ch 8 2350 15 70,233 53 300,000 1,700,000 224,746 , 667 1,800,000 228,546,667 
34 216-8-5 Reverse Well 302 0.67 4,643 53 100,000 1,900,000 14 ,858,658 1,800,000 18,658, 658 
35 216-8-6 . ·. Reverse We il 75 0.5 4 , 636 0 0 0 0 0 0 
36 216- 8-7 A&8 Crib 14 14 14 6,615 53 100,000 1,900 , 000 21,168, 356 1, 800,000 24,968, 356 
37 216- 8- l OA Crib 20 14 14 6,615 53 100,000 1,900 , 000 21,168,356 1, 800,000 24,968, 356 



I Hanford Inactive Waste Site Study. Table 2-24 
I 
I 81 Priority Sites Recoomended for Phase II Character i zat ion . 

I I VITRIFICATION TECHNIQUE 
1------ - ----- - - - - - ----------------------------------------- - ----------------------------------------------- ----- -------------------------------------

I 1----- -- Unit Type (feet) --- 1 I Vitrif. FS ENG RA Hon Total I 
I Site No. (1) Unit Type (12) Depth Length Width Diameter Depth (yd) ($) ($) ($) ($) Cost ($) I 
1-- ---- - - - ---- - - ---------------- ------------- --- ------ -------- ------------- ------------------------------------- ---- --- ----------------------------
I 116-8-1 Trench 20 100 10 0 0 0 0 0 0 

2 I 116-8· 4 French Drain 20 4 13 100,000 1,900,000 24,783,m 1,800,000 28 , 583,m 

3 I 116-C-1 Trench 25 500 50 9 300,000 1,700,000 76,566,726 1,800,000 80,366,726 

4 I 116-C-2 Crib 20 140 100 0 0 0 0 0 0 

5 116-D-18 Trench 15 100 10 0 0 0 0 0 0 

6 116-DR-1 Trench 20 300 15 0 0 0 0 0 0 

7 116-DR-2 Trench 20 150 10 0 0 0 0 0 0 

8 116-0R-6 Trench 10 50 10 0 0 0 0 0 0 

9 116-DR-7 Crib 10 5 5 0 0 0 0 0 0 
10 116-F·1 Trench 10 3000 40 0 0 0 0 0 0 
11 116-F-2 Trench 15 300 50 10 300,000 1,700,000 64,141,778 1,800,000 67,941,778 

12 116-F-3 Trench 8 100 20 0 0 0 0 0 0 
13 116-F-6 Trench 10 300 100 12 300,000 1,700,000 90,714,800 1,800,000 94,514,800 
14 116-F-9 Trench 10 500 15 0 0 0 0 0 0 

N 15 116-F-10 French Drain 10 3 I 0 0 0 0 0 0 
I 16 116-H-1 Trench 15 200 25 12 200,000 1,800,000 58,451,572 1,800,000 62,251 , 572 
~ 

~ 17 116-H-2 Trench 6 275 100 0 0 0 0 0 0 

18 116·H-3 French Drain 15 3 0 0 0 0 0 0 
19 100 KE*1 Dry llell (11&12) 4 4 4 0 0 0 0 0 0 
20 100 KE*2 French Drain (12) 3 0 0 3 0 0 0 0 0 0 

21 100 KW*1 Dry Well (11&12) 4 4 4 0 0 0 0 0 0 
22 100 KW*2 French Drain (12) 3 3 0 0 0 0 0 0 
23 116-K-1 Crib 30 400 10 300,000 1,700,000 134,734, 270 1,800,000 138,534,270 

24 116-K-2 Trench 20 4000 50 0 0 0 0 0 0 
25 116-KE-2 Crib 32 16 16 9 100,000 1,900,000 24,412,603 1,800,000 28,212,603 
26 216-8-43 Crib 15 
27 216-8-44 Crib (12) 15 
28 216-8-45 Crib (12) 15 
29 216-8-46 Crib (12) 15 150 300 15 300,000 1,700,000 130,574,333 1,800,000 134,374,333 
30 216-8·48 Crib (12) 15 
31 216-8-49 Crib (12) 15 
32 216-8-50 Crib C12) 15 
33 216-8-2-2 Ditch 8 2350 15 0 0 0 0 0 0 
34 216-8-5 Reverse Weil 302 0.67 0 0 0 0 0 0 
35 216-8-6 , Reverse Weil 75 0.5 0 0 0 0 0 0 
36 216-8-7 A&8 Crib 14 14 14 0 0 0 0 0 0 
37 216-B-10A Crib 20 14 14 13 100,000 1,900,000 34,310,376 1,800,000 38,110,376 



I Hanfo rd lnact Table 2-24 
I 
I 81 Prior 

I EXCAVATION and DISPOSAL TECHNIQUES 

1- -- -- ----- -- --- ----- ----- -- ---- -- ---- -- Excavation & Disposal - - - - - - -Tot al Cos t - - - - --- - -- --- Excavat i on & Inc inerat i on Total Cos t ---- ----- ---
I I Excavat ion FS ENG RA (E/D only) FS ENG RA (E/D + IN CIN) Hon 

I Site No. (1) Voll.me (cu yd) ($) ($) ($) ($) ($) ($) ($) ($) ($) I 
-- -- ---- --· ---· ---- ----- ------- ---- -- --- -- ----- ---- -- --- ---- -- ------- ----- ------- ------- --- ---- -- --- --- ----- -------- ------- -- --- -- ------ ------- --- 1 

116-8-1 0 0 0 0 0 0 0 0 0 0 
2 116-8-4 161,296 100, 000 1,900,000 58,873, 167 62 , 573,167 0 0 0 0 1,800,000 
3 116-C-1 392,554 300,000 1,700,000 143,282,115 146, 782,115 0 0 0 0 1,800 , 000 
4 116-C-2 243,572 300,000 1,700,000 88,903,739 92 , 403,739 300 , 000 1,700,000 167,821,031 171,621,031 1,800 , 000 
5 116-D-1B 275,556 200,000 1,800,000 100,577,778 104,177,778 0 0 0 0 1,800,000 
6 116-DR - 1 0 0 0 0 0 0 0 0 0 0 
7 116-DR -2 0 0 0 0 0 0 0 0 0 0 
8 116-DR -6 241,111 100,000 1,900,000 88,005,556 91 , 705,556 0 0 0 0 1,800,000 
9 116-DR - 7 206,n2 100,000 1,900,000 75,453,611 79,153 ,611 0 0 0 0 1,800,000 

10 116- F-1 0 0 0 0 0 0 0 0 0 0 
11 116-F-2 0 0 0 0 0 0 0 0 0 0 
12 116-F-3 0 0 0 0 0 0 0 0 0 0 
13 116-F-6 533,333 300,000 1,700,000 194,666,667 198, 166,667 0 0 0 0 1,800,000 
14 116-F -9 0 0 0 0 0 0 0 0 0 0 

N 15 116- F- 10 160,237 100,000 1,900,000 58,486,481 62,186 , 481 0 0 0 0 1,800,000 I 
I-' 16 116-H-1 0 0 0 0 0 0 0 0 0 0 ~ 
I-' 17 116-H- 2 0 0 0 0 0 0 0 0 0 0 

18 116-H-3 160,237 100,000 1,900,000 58,486,481 62, 186, 481 0 0 0 0 1,800,000 
19 100 KE*1 205,369 100,000 1,900,000 74 , 959,644 78,659,644 0 0 0 0 1,800,000 
20 100 KE*2 160,237 100,000 1,900,000 58,486,481 62, 186,481 0 0 0 0 1,800,000 
21 100 K\1*1 205,369 100,000 1,900,000 74,959,644 78,659 , 644 0 0 0 0 1,800, 000 
22 100 K\1*2 160,237 100,000 1,900,000 58,486,481 62, 186,481 0 0 0 0 1,800,000 
23 116- K-1 0 0 0 0 0 0 0 0 0 0 
24 116-K- 2 3, 344,444 300,000 1,700, 000 1, 220,722 , 222 1,224,222,222 0 0 0 0 1,800,000 
25 116- KE -2 221,902 100,000 1,900,000 80,994 , 311 84,694,311 0 0 0 0 1,800,000 
26 216- B-43 
27 216-B-44 
28 216-B-45 
29 216-B-46 600,000 300,000 1,700,000 219,000,000 222,500,000 300,000 1,700 , 000 413,400 , 000 417,200,000 1,800,000 
30 216-B-48 
31 216-B-49 
32 216-B-50 
33 216-8-2-2 0 0 0 0 0 0 0 0 0 0 
34 216-8-5 0 0 0 0 0 0 0 0 0 0 
35 216-8-6 0 0 0 0 0 0 0 0 0 0 
36 216-8-7 A&B 219,102 100,000 1,900,000 79,972,311 83,672,311 100,000 1,900,000 150 , 961,431 154,761 , 431 1,800,000 
37 216-8-10A 0 0 0 0 0 0 0 0 0 0 



I Hanford Inact i ve Waste Site Study. Ta bl e 2-24 
I 
I 81 Priority Sites Recoomended for Phase II Characterizati on. 

I Soil Flushing 

1------ -------- ---- ------- ------ -- ------- -- (of entire soil coll.lln) Total Cost ---- ----- (with excavating) Total Cost --- -- --- ----
I Water Vol FS ENG RA (SF only) FS ENG RA (SF+ E/D) Mon 

I Site No. (1) (cu yd) ($) ($) ($) ($) ($) ($) ($) ($) ($) 

--- --- --- ----- - ------ --- -- ----- -- ---- --- -- -- ------- --- -- --- --- ------------- ---- ------- ---- -- ----------- --- --- ----- ---- ----- --- ----- --------- --
1 116-B-1 120,267 200,000 847,880 5,652,533 8,500,413 0 0 0 0 1,800 , 000 
2 116-B-4 0 0 0 0 0 0 0 0 0 0 

3 116-C-1 310,385 300,000 1,458,810 14,588,104 18,146,914 0 0 0 0 1,800 , 000 
4 116-C-2 0 0 0 0 0 0 0 0 0 0 
5 116-D-1B 0 0 0 0 0 0 0 0 0 0 
6 116-0R-1 269,319 200,000 1,800,000 12,657,970 16,457,970 0 0 0 0 1,800,000 
7 116-0R -2 189,156 200,000 1,333,547 8,890,311 12,223,858 0 0 0 0 1,800,000 
8 116-0R -6 0 0 0 0 0 0 0 0 0 0 
9 116-0R-7 0 0 0 0 0 0 0 0 0 0 

10 116-F-1 419,900 300,000 1,700,000 19,735,300 23,535,300 0 0 0 0 1,800,000 
11 116- F-2 192,370 300,000 904,141 9,041,407 12,045,548 0 0 0 0 1,800,000 
12 116-F-3 0 0 0 0 0 0 0 0 0 0 
13 116-F-6 0 0 0 0 0 0 0 0 0 0 
14 116- F-9 331,204 200 , 000 1,800,000 15,566,574 19 , 366 , 574 0 0 0 0 1,800,000 
15 116- F-10 0 0 0 0 0 0 0 0 0 0 

N 16 116-H - 1 170,567 200,000 1,202,495 8,016,633 11,219,128 0 0 0 0 1,800,000 I 
~ 17 116-H-2 259,233 300,000 1,218,397 12,183,967 15,502,363 0 0 0 0 1,800,000 
~ 
N 18 116-H-3 0 0 0 0 0 0 0 0 0 0 

19 100 KE*1 0 0 0 0 0 0 0 0 0 0 
20 100 KE*2 0 0 0 0 0 0 0 0 0 0 
21 100 l(\J*1 0 0 0 0 0 0 0 0 0 0 
22 100 l(\J*2 0 0 0 0 0 0 0 0 0 0 
23 116-1(-1 577,268 300,000 1,700,000 27,131,580 30,931,580 0 0 0 0 1,800,000 
24 116-1(-2 1,491,467 300,000 1,700,000 70,098,933 73,898,933 0 0 0 0 1,800,000 
25 116-KE-2 0 0 0 0 0 0 0 0 0 0 
26 216-B-43 
27 216-B-44 
28 216-B-45 
29 216-B-46 1,633,578 300,000 1,700,000 76,778, 156 80,578,156 300,000 1,700,000 1,918,462,200 1,922,262, 200 1,800,000 
30 216-B-48 
31 216-B-49 
32 216-B-50 
33 216-B-2-2 5,969,833 300, 000 1,700,000 280,582,167 284,382, 167 0 0 0 0 1,800,000 
34 216-B-5 484,454 100,000 1,900,000 22,769,345 26,569,345 0 0 0 0 1,800,000 
35 216-B-6 , .. 0 0 0 0 0 0 0 0 0 0 
36 216-B-7 A&B 531,414 100,000 1,900,000 24,976,455 28,776,455 100 , 000 1,900, 000 657,434,183 661, 234, 183 1,800,000 
37 216-B- 10A 0 0 0 0 0 0 0 0 0 0 



I Hanford I nact i Table 2-24 
I 
I 81 Pri or i 

I No Ac t ion 

1- ---- ---- ----- ---- ----- -- (with vitrif icat ion) Total Cos t --- -- ---- ----- ----- -- ----------- -------- ---- --- ---- ---- --- -- -- ----
I I FS ENG RA (SF+ VITRIF) Mon I Per imet er FS RA Mon Total 

I Si te No . (1) I ($) ($) ($) ($) ($) I (yd) ($) ($) ($) Cos t CS) I 
---- -- ----- ----1- ---- -------- --- ---- ----- --- ---- ------ ------ ---- ---- 1- ---- ----- 1-- ---- ---- ----- --- ------ ----- ------- ------ ----- ---- --

116-8-1 I 0 0 0 0 1,800,000 I 433 100,000 18, 915 6 , 000,000 6,118 ,915 

2 116-B-4 I 0 0 0 0 0 I 287 100,000 12,525 6,000,000 6 , 112 , 525 

3 116-C-1 I 0 0 0 0 1,800 , 000 I 727 100,000 31,719 6,000,000 6 , 131 , 719 

4 116-C-2 I 0 0 0 0 0 I 520 100,000 22,698 6,000,000 6,122 , 698 

5 116-0-1B I 0 0 0 0 0 I 433 100,000 18, 915 6,000,000 6, 118 , 915 

6 116-0R - 1 I 0 0 0 0 1,800,000 I 570 100,000 24,881 6,000,000 6, 124 , 881 

7 116-0R -2 I 0 0 0 0 1, 800 , 000 I 467 100 , 000 20 , 370 6 , 000 , 000 6 , 120,370 

8 116-0R -6 I 0 0 0 0 0 I 400 100 , 000 17, 460 6, 000,000 6, 117,460 

9 116-0R -7 I 0 0 0 0 0 367 100,000 16, 005 6,000,000 6, 116 , 005 

10 116- F- 1 I 0 0 0 0 1,800,000 2,387 100,000 104, 178 6,000,000 6, 204 , 178 

11 116- F-2 I 0 0 0 0 1,800,000 593 100,000 25, 899 6,000,000 6, 125 , 899 

12 116-F -3 I 0 0 0 0 0 440 100 , 000 19, 206 6,000 , 000 6, 119, 206 

13 116-F -6 I 0 0 0 0 0 627 100 , 000 27,354 6, 000 , 000 6, 127, 354 
N 
I 14 116- F-9 I 0 0 0 0 1, 800 , 000 703 100 , 000 30,701 6,000,000 6, 130,701 ..... 

I 0 0 286 100,000 12,479 6,000,000 6, 112,479 .;,. 15 116- F-10 0 0 0 
w 16 116-H· 1 I 0 0 0 0 1,800, 000 510 100,000 22,262 6,000,000 6,122 , 262 

17 116-H-2 I 0 0 0 0 1,800,000 610 100,000 26,627 6,000,000 6, 126,627 

18 116-H-3 I 0 0 0 0 0 286 100,000 12 , 479 6,000,000 6 , 112,479 

19 100 KE*1 I 0 0 0 0 0 365 100,000 15,947 6, 000,000 6, 115,947 

20 100 KE*2 0 0 0 0 0 286 100,000 12,479 6,000,000 6,112,479 

21 100 KW*1 0 0 0 0 0 365 100,000 15,947 6,000,000 6,115,947 

22 100 1(1,,1*2 0 0 0 0 0 286 100,000 12,479 6,000 , 000 6,112, 479 

23 116-K-1 0 0 0 0 1,800,000 702 100,000 30,626 6,000,000 6 , 130,626 

24 116-K-2 0 0 0 0 1, 800,000 3,060 100,000 133 , 569 6, 000,000 6, 233 , 569 

25 116- KE -2 0 0 0 0 0 381 100, 000 16 , 645 6,000,000 6, 116 ,645 

26 216-8-43 
27 216-B-44 
28 216-8-45 
29 216-B-46 300,000 1,700,000 1,730 , 294 , 533 1,733,794,533 1, 800 , 000 660 100,000 28,809 6, 000,000 6,128 , 809 

30 216-8-48 
31 216-B-49 
32 216-B-50 
33 216-B-2-2 0 0 0 0 1, 800, 000 1,937 100 , 000 84,536 6,000,000 6,1 84 ,536 

34 21 6-B- 5 0 0 0 0 1,800,000 283 100, 000 12 , 372 6 , 000, 000 6,112, 372 

35 216-B -6 , 0 0 0 0 0 283 100,000 12,365 6,000,000 6,112,365 

36 216-B-7 A&B 0 0 0 0 1,800,000 379 100,000 16,529 6,000,000 6,116,529 

37 216-B- lOA 0 0 0 0 0 379 100,000 16,529 6,000,000 6,116, 529 



I Hanford Inactive Waste Site Study. (continued) Table 2-24 
I 
I 81 Priority Sites Reconmended for Phase II Characterization. 

I I CAPPING TECHNIQUE 

I· ······ ······ ······· · ··············· ·· ······················ ·· ·· ········ · ····· · ·· · ········ I·· ·· ···· · -· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
I I·· ······ Unit Type (feet)··· I I Surface FS ENG RA Mon Total I 
I Site No. (1) Unit Type (12) Depth Length Width Diameter Vol. Disp. Area (sq yd) CS> CS) (S) ($) Cost CS) I 

.. --- --- - --- ----- ---- ... - .. -- .. --.......... -- ----- - .. - .. - -- .. --...... - .. ---------........ - .. - .. - .. - - ......... --- .... - ·· · ······· ····· ··· ··· ··················· ······················· · ·· I 
38 216-B · 16 Crib (12) 12 80 80 5,600,DOO 0 0 0 0 0 0 I 
39 216-C· 1 Crib 13 27 12 23,400,000 0 0 0 0 0 0 I 
40 216·C·10 Crib 7 32 5 897,000 9,228 100,000 83,050 415,250 1,800,000 2,398,300 I 
41 216·A·9 Crib (12) 12 420 20 981,000,000 0 0 0 0 0 0 I 
42 216-A-40 Trench 16 400 20 946,000 21,589 200,000 145,725 971,500 1,800,000 3,117,225 
43 216·A· 4 Crib (11&12) 25 20 20 6,210,000 0 0 0 0 0 0 
44 216-A-5 Crib (12) 32 35 35 1,630,000,000 10,336 2DO,OOO 69,769 465,125 1,800,000 2,534,894 
45 216·A · 6 Crib (12) 19 100 100 3,400,000,000 0 0 0 0 0 0 
46 216-A-7 Crib (12) 15 10 10 326,000 8,711 1DO,OOO 78,400 392,0DO 1,800,000 2,370,400 
47 216·A·21 Crib (11&12) 19 60 16 n,soo,ooo 0 0 0 0 0 0 

I 

48 216·A · 24 Crib (12) 15 1400 20 820,000,000 0 0 0 0 0 0 
49 216·A·27 Crib (11&12) 14 200 10 23,100,000 0 0 0 0 0 0 
50 216·A·28 French Drain 11 20 30,000 7,339 200,000 49,539 330,260 1,800,000 2,379,799 
51 216· A·36A Crib 22 100 11 1,070,000 0 0 0 0 0 0 

N 52 216·S·5 Crib 15 210 210 4,100,000,000 0 0 0 0 0 0 
I 53 216· S·6 Crib 15 210 210 4,470,000,000 0 0 0 0 0 0 I-' 
~ 54 216·S· 160 Ditch 3 3000 4 400,000,000 99,553 300,000 447,990 4,479,900 1,800,000 7,027,890 ~ 

55 216· S·16P Pond 3 1250 40,700,000,000 201,620 300,000 907,292 9,072,920 1,800,000 12,080,212 
56 216·S · 17 Pond 10 958 958 6,430,000,000 0 0 0 0 0 0 
57 216·U·11 Ditch 7 4510 10 148,711 300,000 669,200 6,692,000 1,800,000 9,461,200 
58 216·S·1&2 Crib 35 90 40 160,000,000 0 0 0 0 0 0 
59 216·S · 3 French Drain 6 100 10 4,200,000 0 0 0 0 0 0 
60 216·S·4 French Drain 20 2.5 1,000,000 6,480 100,000 58,321 291,604 1,800,000 2,249,924 
61 216-S-7 Crib 22 100 50 390,000,000 0 0 0 0 0 0 
62 216·S·9 Crib 30 300 30 50,300,000 0 0 0 0 0 0 
63 216·S·20 Crib 30 90 40 135,000,000 0 0 0 0 0 0 
64 216·S·21 Crib 21 50 50 87,100,000 0 0 0 0 0 0 
65 216-U· 1&2 Crib 24 78 28 15,900,000 11,523 200,000 n,n8 518,520 1,800,000 2,596,298 
66 216·U·3 French Drain 12 6 791,000 6,648 100,000 59,828 299,142 1,800,000 2,258,971 
67 216·U·4 Reverse Well (11&12) 75 0.5 300,000 0 0 0 0 0 0 
68 216· U· 4A French Drain (11&12) 10 4.3 545,000 6,566 100,000 59,094 295,469 1,800,000 2,254,562 
69 216-U-4B French Drain (11&12) 10 4.3 33,000 6,566 100,000 59,094 295,469 1,800,000 2,254,562 
70 216·2· 1&2 Crib 21 30 30 38,900,000 0 0 0 0 0 0 
71 216·2·7, •. Crib 5 210 44 79,900,000 0 0 0 0 0 0 
72 216·2 · 10 Reverse Well 150 0.5 1,000,000 6,385 100,000 57,468 287,339 1,800,000 2,244,807 
73 216·T·2 Reverse Well 75 0.5 6,000,000 6,385 100,000 57,468 287,339 1,800,000 2,244,807 



I Hanford Inact ive Waste Site Study. (cont inued) Table 2-24 
I 
I 81 Priority Si tes Recoomended for Phase II Characterizat ion. 

I GROUT-IN -PLACE TECHNIQUE I 
I· .. . . . .. . .. . .. . .. .. .. .. . . ... ... ... .. ... .. . .... . .... .. ... . . . ........ . . . .. . . ............. .. . . ... .... ... . . . .. .... . .... ... . . .. . . . . . .. . . .. .. ... .... ...... . ... .. .... 
I I·· ···· · · Unit Type (feet) · · · I I Surface Grouting FS ENG RA Mon Tota l I 
I Si t e No . (1) Uni t Type (12) Dept h Length Widt h Diamet er Area (sq yd) Dept h (yd) ($) ($) ($) ($) Cost ($) I 
---- -- ---- --- .. - .. - ---- .. - ... -------- .. --- .. . .... -. .. -- ---- .. - . .. - - ... -- .. -.. .. .. - .. - .. .. .. - - ······ · · · ·· · ·· ·· ······ ·· · · · · · ·· ···· ···· · · · ·· · ··· ·· · · · ·· ·· · · ··· ·· ····· ·· ····· ·· · ·· · I 

38 216-B· 16 Cr i b (12) 12 80 80 10,678 0 0 0 0 0 0 I 
39 216·C · 1 Crib 13 27 12 6,910 53 100,000 1,900,000 22, 113,422 1,800,000 25 ,913,422 I 
40 216· C· 10 Cr ib 7 32 5 6,841 53 100,000 1,900,000 21,891 , 556 1,800, 000 25,691,556 
41 216· A· 9 Crib (12) 12 420 20 18,056 53 200,000 1,800,000 57,777,778 1,800,000 61 , 577 , 778 
42 216-A-40 Trench 16 400 20 17,500 0 0 0 0 0 0 
43 216·A · 4 Cr i b (11&12) 25 20 20 6,944 53 100,000 1,900,000 22,222 , 222 1,800 , 000 26,022 , 222 
44 216-A-5 Cr i b (12) 32 35 35 7,803 53 200,000 1,800,000 24 ,968,889 1,800 ,000 28,768,889 
45 216·A· 6 Cr ib (12) 19 100 100 12, 100 53 200,000 1,800,000 38 , 720,000 1, 800,000 42,520 , 000 
46 216· A·7 Crib (12) 15 10 10 6 ,400 0 0 0 0 0 0 
47 216-A-21 Crib ( 11&12) 19 60 16 7,927 0 0 0 0 0 0 
48 216·A · 24 Cr i b (12) 15 1400 20 45 , 278 53 300,000 1, 700,000 144,888,889 1,800, 000 148,688,889 
49 216·A· 27 Cr ib (11&12) 14 200 10 11,467 0 0 0 0 0 0 
50 216·A· 28 French Dra in 11 20 5, 454 0 0 0 0 0 0 
51 216 ·A· 36A Cr ib 22 100 11 8 ,837 0 0 0 0 0 0 

N 52 216·S · 5 Cr ib 15 210 210 21 , 511 53 300,000 1, 700,000 68,835,556 1,800,000 72 , 635 ,556 
I 53 216·S · 6 Cr ib 15 21 , 511 53 300,000 1,700,000 68,835,556 1,800,000 72,635,556 ..... 210 210 
~ 54 216· S·160 Ditch 3 3000 4 83,980 0 0 0 0 0 0 u, 

55 216·S· 16P Pond 3 1250 191,148 0 0 0 0 0 0 
56 216· S· 17 Pond 10 958 958 156,816 53 300,000 1,700,000 501,811,200 1,800,000 505,611,200 
57 216· U· 11 Ditch 7 4510 10 126, 400 0 0 0 0 0 0 
58 216 ·S· 1&2 Crib 35 90 40 9,600 53 200,000 1,800, 000 30,720,000 1,800, 000 34,520, 000 
59 216·S · 3 French Dra in 6 100 10 8 ,800 53 200,000 1,800, 000 28,160,000 1,800,000 31 ,960,000 
60 216-S-4 French Dra in 20 2. 5 4, 717 0 0 0 0 0 0 
61 216· S· 7 Cr ib 22 100 50 10,267 53 200,000 1,800,000 32,853 ,333 1,800,000 36,653,333 
62 216· S·9 Crib 30 300 30 15 ,311 53 200,000 1,800,000 48,995,556 1,800,000 52,795 , 556 
63 216· S· 20 Crib 30 90 40 9,600 53 200 , 000 1,800, 000 30,720,000 1,800,000 34 ,520,000 
64 216· S· 21 Cr ib 21 50 50 8,711 53 200 , 000 1,800,000 27,875,556 1,800,000 31,675,556 
65 216 -U· 1&2 Cri b 24 78 28 8,829 0 0 0 0 0 0 
66 216-U-3 French Dra in 12 6 4,860 0 0 0 0 0 0 
67 216 ·U·4 Reverse Well (11&12) 75 0. 5 4,636 53 100, 000 1,900,000 14 ,836,765 1,800,000 18,636,765 
68 216·U· 4A French Drain (11&12) 10 4.3 4, 791 53 100,000 1,900,000 15,329,992 1,800,000 19, 129,992 
69 216-U-4B · French Drain (11&12) 10 4. 3 4, 791 53 100 , 000 1,900,000 15 ,329,992 1,800,000 19,129,992 
70 21 6· 2· 1&2 Crib 21 30 30 7,511 53 100,000 1, 900, 000 24,035, 556 1, 800 , 000 27, 835,556 
71 216·2 · 7- · . Crib 5 210 44 13 ,396 53 200,000 1,800,000 42,865,778 1,800,000 46,665,778 
72 216·2·10 Reverse Well 150 0.5 4, 636 0 0 0 0 0 0 
73 21 6· T· 2 Reverse Well 75 0.5 4,636 0 0 0 0 0 0 



I Hanford Inact i ve Waste Si te Study. (cont inued) Table 2-24 
I 
I 81 Prior i ty Sites Recoomended for Phase II Character izat ion. 

I I VITRIFICATION TECHNIQUE 
I··· · · · ·- ··· ·· · ·· ··· · · · ····· - ·· · ··· ·· · · ··· --·· · · ··· · · · · · · ····· · · · · - ········ · ···· · ···· · ···· ·· ······························-- · -·· · ··· · ·············· · 

I I··· ··· ·· Unit Type (feet) ··· I I Vi tr i f. FS ENG RA Mon Total 

I Site No. ( 1) Unit Type (12 ) Depth Length Width Diameter Depth (yd) ($) ($) ($) ( $ ) Cos t ($) 

-- · -- --------- -- --- ---- --------· --- -------- -- --·· ·-------·- ------- --· · · -- - -. -----. - .. ---- .. ------- ---------------.. -. -. ------- .. --- - . ----- - ------ .. ---
38 216·8·16 Cr ib (12) 12 80 80 0 0 0 0 0 0 
39 216 -C-1 Cri b 13 27 12 16 100,000 1,900,000 42,114,552 1, 800,000 45 ,914, 552 
40 216 · C·10 Crib 7 32 5 17 100,000 1,900 , 000 44,353,204 1,800, 000 48,153,204 
41 216 -A-9 Crib (12) 12 420 20 0 0 0 0 0 0 
42 216 · A· 40 Trench 16 400 20 0 0 0 0 0 0 
43 216-A -4 Cr ib (11&12) 25 20 20 11 100,000 1,900,000 30,615 , 741 1,800,000 34,415,741 
44 216· A· 5 Crib (12) 32 35 35 0 0 0 0 0 0 
45 216-A-6 Cr ib (12) 19 100 100 0 0 0 0 0 0 
46 216-A-7 Crib (12) 15 10 10 0 0 0 0 0 0 
47 216-A-21 Crib (11&12) 19 60 16 14 100,000 1,900,000 42,140,802 1,800,000 45,940,802 
48 216-A-24 Cri b (12) 15 1400 20 0 0 0 0 0 0 
49 216 -A-27 Cri b (11&12) 14 200 10 15 200 , 000 1,800,000 68,394,844 1,800,000 72 , 194,844 
50 216-A-28 French Dra in 11 20 0 0 0 0 0 0 

N 51 216-A· 36A Cr i b 22 100 11 13 200,000 1,800,000 43,541,202 1,800, 000 47,341, 202 I .... 52 216-S-5 Cr i b 15 210 210 0 0 0 0 0 0 ~ 
O'I 53 216-S-6 Crib 15 210 210 0 0 0 0 0 0 

54 216-S-160 Ditch 3 3000 4 0 0 0 0 0 0 
55 216· S· 16P Pond 3 1250 0 0 0 0 0 0 
56 216· S· 17 Pond 10 958 958 0 0 0 0 0 0 
57 216-U-11 Ditch 7 4510 10 0 0 0 0 0 0 
58 216-S-1&2 Crib 35 90 40 8 200,000 1,800,000 31,120,000 1,800,000 34,920 , 000 
59 216-S-3 French Dra in 6 100 10 17 200,000 1,800,000 57,053,333 1,800,000 60,853,333 
60 216-S-4 French Dra in 20 2.5 0 0 0 0 0 0 
61 216-S-7 Cr ib 22 100 50 13 200 , 000 1,800,000 50,587,289 1,800,000 54 ,387,289 
62 216-S-9 Crib 30 300 30 13 200,000 1,800,000 n,428,289 1,800,000 81,228,289 
63 216·S · 20 Crib 30 90 40 10 200,000 1,800,000 37,344,000 1,800,000 41 , 144,000 
64 216-S-21 Crib 21 50 50 13 200,000 1,800,000 44,052,089 1,800,000 47,852,089 
65 216 -U- 1&2 Cr ib 24 78 28 0 0 0 0 0 0 
66 216-U-3 French Dra in 12 6 0 0 0 0 0 0 
67 216-U-4 Reverse Well ( 11&12) 75 0. 5 0 0 0 0 0 0 
68 216 ·U·4A French Drain (11&12) 10 4.3 0 0 0 0 0 0 
69 216 -U-48 French Dra in (11&12) 10 4. 3 0 0 0 0 0 0 
70 216 -Z-1&2 Cr ib 21 30 30 13 100,000 1,900 , 000 37, 983 ,689 1, 800, 000 41, 783, 689 
71 21 6-Z-7, ·· Crib 5 210 44 17 200,000 1,800 ,000 86, 847,852 1,800,000 90,647,852 
72 216-Z-10 Reverse Wei I 150 0.5 0 0 0 0 0 0 
73 21 6-T-2 Reverse Wei I 75 0.5 0 0 0 0 0 0 



I Hanford Inactive Waste Site Study. (continued) Table 2-24 
I 
I 81 Priority Sites RecOfflllended for Phase II Characterization. 

I EXCAVATION and DISPOSAL TECHNIQUES 
I· . ... . .......... . ................... . ...... . . .. . Excavation & Disposal · · · · · · · Total Cost Excavation & Incineration Total Cost -· ------ -- -
I I Excavation FS ENG RA (E/0 only) FS ENG RA (E/0 + INCIN) Mon 

I Site No. (1) Unit TypelVoll.llle (cu yd) ($) ($) ($) ($) ($) ($) ($) ($) ($) 

········ · · · · ······ · ····· I· ··· · ······ · ············· · ·········· · · ·· ··· · ······· ····· ·· · ··············· · ····· · ·· ·· · · · · ·· ··· ·· · ···· · ··· ··· ··· ·· ······ · ··· · · ·· · · ·· 
38 216·8· 16 Crib (12)1 320,889 200,000 1,800,000 117, 124,444 120,924,444 200,000 1,800,000 221,092,444 224,892,444 1,800,000 
39 216 · C· 1 Crib I 0 0 0 0 0 0 0 0 0 0 
40 216-C· 10 Crib I 225,022 100,000 1,900,000 82,133,111 85,933,111 100,000 1,900,000 155,040,311 158,840,311 1,800,000 
41 216·A·9 Crib (12)1 0 0 0 0 0 0 0 0 0 0 
42 216-A-40 Trench I 0 0 0 0 0 0 0 0 0 0 
43 216·A·4 Crib (11&1 227,556 100,000 1,900,000 83,057,778 86,857,778 0 0 0 0 1,800,000 
44 216-A-5 Crib (12)1 0 0 0 0 0 0 0 0 0 0 
45 216·A·6 Crib (12)1 0 0 0 0 0 0 0 0 0 0 
46 216·A·7 Crib (12)1 213,556 100,000 1,900,000 · 77,947,778 81,747,778 100,000 1,900,000 147,139,778 150,939,778 1,800,000 
47 216-A-21 Crib (11&j 252,800 100,000 1,900,000 92,272,000 96,072,000 100,000 1,900,000 174,179,200 177,979,200 1,800,000 
48 216·A·24 Crib (12)1 0 0 0 0 0 0 0 0 0 0 
49 216·A·27 Crib C11&j 344,444 200,000 1,800,000 125,722,222 129,522,222 200,000 1,800,000_ 237,322,222 241,122,222 1,800,000 
50 216·A·28 French Ori 178,722 200,000 1,800,000 65,233,426 69,033,426 0 0 0 0 1,800,000 

N 
51 216·A·36A Crib I 276,444 200,000 1,800,000 100,902,222 104,702,222 0 0 0 0 1,800,000 

I 52 216·S·5 Crib I 578,000 300,000 1,700,000 210,970,000 214,770,000 0 0 0 0 1,800,000 
~ 

~ 53 216·S·6 Crib I 578,000 300,000 1,700,000 210,970,000 214,770,000 0 0 0 0 1,800,000 ...., 
54 216·S· 160 Ditch I 0 0 0 0 0 0 0 0 0 0 
55 216·S·16P Pond I 4,193, 154 300,000 1,700,000 1,530,501,038 1,534,301,038 0 0 0 0 1,800,000 
56 216·S·17 Pond I 3,516,809 300,000 1,700,000 1,283,635,244 1,287,435,244 0 0 0 0 1,800,000 
57 216· U· 11 Ditch I 3,313,556 300,000 1,700,000 1,209,447,778 1,213,247,778 0 0 0 0 1,800,000 
58 216-S-1&2 Crib I 0 0 0 0 0 0 0 0 0 0 
59 216·S · 3 French Ori 275,556 200,000 1,800,000 100,577,778 104,377,778 200,000 1,800,000 189,857,778 193,657,778 1,800,000 
60 216-S-4 French Ori 0 0 0 0 0 0 0 0 0 0 
61 216·S · 7 Crib I 0 0 0 0 0 0 0 0 0 0 
62 216-S-9 Crib I 0 0 0 0 0 0 0 0 0 0 
63 216·S · 20 Crib I 0 0 0 0 0 0 0 0 0 0 
64 216·S·21 Crib I 0 0 0 0 0 0 0 0 0 0 
65 216·U· 1&2 Crib I 0 0 0 0 0 0 0 0 0 0 
66 216·U·3 French Ori 0 0 0 0 0 0 0 0 0 0 
67 216·U·4 Reverse WI 0 0 0 0 0 0 0 0 0 0 I 
68 216·U·4A French Ori 0 0 0 0 0 0 0 0 0 0 I 
69 216 ·U·48 French Drl 0 0 0 0 0 0 0 0 0 0 I 
70 216· 2· 1&2 Crib I 242,000 100,000 1,900,000 88,330,000 92,130,000 0 0 0 0 1,800,000 I 
71 216· 2·7 - Crib I 389,867 200,000 1,800,000 142,301,333 146,101,333 0 0 0 0 1,800,000 I 
72 216· 2· 10 Reverse WI 0 0 0 0 0 0 0 0 0 o I 
73 216· T· 2 Reverse WI 0 0 0 0 0 0 0 0 0 o I 



I Hanford Inactive Waste Site Study. (continued) Table 2-24 
I 
I 81 Priority Sites Recoomended for Phase II Characterization. 

I SOIL FLUSHING TECHNIQUES 
I· -. -... ....... -............ --. -. --....... - (of entire soil colurn) Total Cost ···· ·---- (with excavation) Total Cost ----- -------
I I Water Vol I FS ENG RA (SF only) FS ENG RA (SF+ E/D) Mon 

I Site No . ( 1) I (cu yd) I ($) ($) ($) ($) ($) ($) ($) ($) 

I·· ·· ·········· · -- --- . - -- --.. - ... .. ..... ........... .. . ... ... . ... ... .. . ... .. . ... .. ... . . ...... ·· ----- --- ---- ----------- ----- --- ---------···· ····· .. ............. .. 
38 I 216-B-16 1,203,0lO 200,000 1,800,000 56,542,393 60,342,393 0 0 0 0 1,800,000 
39 216-C · 1 649,582 100,000 1,900,000 30,530,344 34,330,344 0 0 0 0 1,800,000 
40 216-C-10 0 0 0 0 0 0 0 0 0 0 
41 216 -A-9 1,769,444 200,000 1,800,000 83, 163 , 889 86,963,889 0 0 0 0 1,800,000 
42 216-A-40 0 0 0 0 0 0 0 0 0 0 
43 216-A-4 0 0 0 0 0 0 0 0 0 0 
44 216-A-5 814,090 200,000 1,800,000 38,262,221 42,062,221 0 0 0 0 1,800,000 
45 216-A-6 1,169,667 200,000 1,800,000 54,974,333 58,TT4,333 0 0 0 0 1,800,000 
46 216-A-7 0 0 0 0 0 0 0 0 0 0 
47 216-A-21 0 0 0 0 0 0 0 0 0 0 
48 216· A·24 3,652,407 300,000 1,700,000 171,663,148 175,463,148 0 0 0 0 1,800,000 
49 216-A -27 0 0 0 0 0 0 0 0 0 0 
50 216-A-28 0 0 0 0 0 0 0 0 0 0 
51 216-A·36A 0 0 0 0 0 0 0 0 0 0 

N 52 216-S-5 1,290,667 300,000 1,700,000 60,661,333 64,461,333 300,000 1,700,000 1,302,874 , 000 1,306,674,000 1,800,000 
I 53 216-S-6 1,290,667 300,000 1,700,000 60,661,333 64,461,333 300,000 1,700, 000 1,302,874 , 000 1,306,674,000 1,800,000 ~ 

& 54 216·S · 16D 0 0 0 0 0 0 0 0 0 0 
55 216· S· 16P 11,468,908 300,000 1,700,000 539,038,656 542,838,656 300,000 1,700,000 1,828,857,038 1,832,657,038 1,800,000 
56 216-S-17 9,408,960 300,000 1,700,000 442,221,120 446,021,120 300,000 1,700,000 9,243,615,404 9,247,415,404 1,800,000 
57 216-U- 11 0 0 0 0 0 0 0 0 0 0 
58 216-S- 1&2 630,400 200,000 1,800,000 29,628,800 33,428,800 0 0 0 0 1,800,000 
59 216-S-3 557,333 200,000 1,800,000 26,194,667 29,994,667 200,000 1,800,000 673,769,TT8 6TT,569,TT8 1,800,000 
60 216· S·4 0 0 0 0 0 0 0 0 0 0 
61 216-S -7 691,289 200,000 1,800,000 32,490,578 36,290,578 0 0 0 0 1,800,000 
62 216-S-9 1,046,259 200,000 1,800,000 49,174,185 52,974,185 0 0 0 0 1,800,000 
63 216-S -20 665,600 200,000 1,800,000 31,283,200 35,083,200 0 0 0 0 1,800,000 
64 216-S -21 522,667 200,000 1,800,000 24,565,333 28,365,333 0 0 0 0 1,800,000 
65 216-U· 1&2 0 0 0 0 0 0 0 0 0 0 
66 216-U-3 0 0 0 0 0 0 0 0 0 0 
67 216-U-4 0 0 0 0 0 0 0 0 0 0 
68 216-U-4A 0 0 0 0 0 0 0 0 0 0 
69 216-U-4B 0 0 0 0 0 0 0 0 0 0 
70 216-Z-1 &2 0 0 0 0 0 0 0 0 0 0 
71 216 -Z-7 0 0 0 0 0 0 0 0 0 0 
72 216- Z-1 0 0 0 0 0 0 0 0 0 0 0 
73 216 -T-2 0 0 0 0 0 0 0 0 0 0 



Hanford Inacti ve Waste Site Study . ( cont inued) Table 2-24 

81 Priority Sites Recoomended fo r Phase II Characterizati on . 
SOIL FLUSH ING TECHNIQUES No Act ion 

--------------- -- -------- (af ter vi tr i f i cation) Total Cost --------------- ------ -··-- --- ------ ---------- -·---- --- --- ----- ----
FS ENG RA (SF + VITRIF) Mon Perimeter FS RA Mon Total 

Si te No . C 1) I ($) ($) ($) CS) ($) (yd) ($) ($) ($) Cost ($) 

---- ------- ---- · ··· ··················· · ······ ···· · ·· · ·· ···· · ······ · I··· · ······ --------- ---- -------- -------- ---- --- --· ----- ---- --- --
38 216-B· 16 0 0 0 0 1,800,000 467 100,000 20,370 6, 000 , 000 6,120 ,370 
39 216-C· 1 100,000 1,900, 000 720,277,928 724,077,928 1,800,000 386 100,000 16,849 6,000,000 6, 116,849 
40 216-C· 10 0 0 0 0 0 385 100,000 16, 791 6, 000,000 6, 116,791 
41 216·A·9 0 0 0 0 1,800,000 653 100,000 28,518 6, 000,000 6,128 , 518 
42 216-A-40 0 0 0 0 0 640 100, 000 27,936 6,000, 000 6,127,936 
43 216-A-4 0 0 0 0 0 387 100,000 16,878 6,000,000 6,1 16,878 
44 216-A-5 0 0 0 0 1,800,000 407 100,000 17,751 6,000,000 6,117,751 
45 216·A·6 0 0 0 0 1,800,000 493 100,000 21,534 6,000,000 6, 121,534 
46 216·A· 7 0 0 0 0 0 373 100,000 16,296 6, 000, 000 6, 116, 296 
47 216-A-21 0 0 0 0 0 411 100 , 000 17,926 6,000 , 000 6, 117,926 
48 216 -A-24 0 0 0 0 1,800,000 1,307 100,000 57,036 6, 000,000 6,157,036 
49 216-A-27 0 0 0 0 0 500 100,000 21,825 6,000,000 6,1 21,825 

N 
50 216-A -28 0 0 0 0 0 304 100,000 13,256 6, 000,000 6,113,256 

I 51 216·A·36A ..... 0 0 0 0 0 434 100,000 18,944 6, 000,000 6,118,944 
.,::,. 52 216-S-5 0 0 0 0 1,800,000 640 100, 000 27,936 6,000,000 6,127,936 
\0 

53 216-S-6 0 0 0 0 1,800,000 640 100,000 27, 936 6, 000,000 6,127,936 
54 216-S-160 0 0 0 0 0 2,363 100, 000 103 , 130 6, 000 , 000 6, 203,130 
55 216· S· 16P 0 0 0 0 1,800,000 1,592 100 , 000 69,479 6,000,000 6, 169,479 
56 216-S-17 0 0 0 0 1,800,000 1,637 100 , 000 71,470 6,000,000 6,171,470 
57 216· U· 11 0 0 0 0 0 3, 373 100,000 147, 246 6,000, 000 6, 247,246 
58 216-S-1&2 200,000 1,800, 000 628,057,600 631,857, 600 1,800,000 447 100 , 000 19,497 6,000,000 6,119,497 
59 216· S· 3 200,000 1,800,000 578,189 , 333 581,989 , 333 1,800,000 433 100,000 18,915 6,000,000 6, 118,915 
60 216-S -4 0 0 0 0 0 285 100,000 12,456 6,000,000 6, 112,456 
61 216-S-7 200,000 1, 800, 000 710,692,889 714,492 ,889 1,800,000 460 100,000 20,079 6,000,000 6, 120 , 079 
62 216-S-9 200,000 1,800,000 1,081,301,289 1,085 , 101,289 1,800, 000 580 100,000 25,317 6 , 000 , 000 6, 125,317 
63 216-S-20 200,000 1,800, 000 678,950 , 400 682,750 , 400 1,800,000 447 100 , 000 19 ,497 6,000,000 6,119,497 
64 216-S-21 200,000 1,800,000 523 , 076,089 526 ,876,089 1,800 , 000 427 100, 000 18,624 6, 000,000 6, 118,624 
65 216-U-1&2 0 0 0 0 0 431 100, 000 18,799 6,000,000 6, 118,799 
66 216-U-3 0 0 0 0 0 289 100,000 12,616 6, 000 , 000 6,112 ,616 
67 216-U -4 0 0 0 0 0 283 100,000 12 , 365 6,000 , 000 6,112 , 365 
68 216 ·U· 4A 0 0 0 0 0 287 100,000 12 , 538 6,000,000 6,112 , 538 
69 216 -U-4B 0 0 0 0 0 287 100 , 000 12,538 6,000,000 6,112,538 
70 216-Z- 1&2 0 0 0 0 0 400 100,000 17,460 6, 000 , 000 6 ,117, 460 
71 216-Z-7 , · 0 0 0 0 0 529 100,000 23,105 6, 000, 000 6,123, 105 
72 216-Z-10 0 0 0 0 0 283 100,000 12,365 6,000, 000 6,112,365 
73 21 6-T-2 0 0 0 0 0 283 100,000 12 , 365 6,000,000 6,112,365 
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I Hanford Inactive Waste Site Study. (continued) 

I 
I 81 Priority Sites Reconmended for Phase II Characterization. 

Table 2-24 

I I CAPPING TECHNIQUE 
......................................................................................... · I· .................................................. .. .... ........ . 

I········ Unit Type (feet)···I I Surface FS ENG RA Mon Total 
Site No. (1) Unit Type (12) Depth Length Width Diaineter Vol. Disp. !Area (sq yd) ($) ($) ($) ($) Cost (S) 

.......................................................................................... I· ................................................................ . 

216·T·3 Reverse Weil 206 0.75 11300000 I 6 100,000 54 270 0 100,324 
216-T-7 Crib & Tile Field 26 310 84 110,000,000 0 0 0 0 0 0 
216·T·8 Crib 25 28 28 500,000 9,867 100,000 88,804 444,020 1,800,000 2,432,824 
216-T-19 Crib & Tile Field 23 390 85 455,000,000 0 0 0 0 0 0 
216-T-28 Crib 15 30 30 42,300,000 0 0 0 0 0 0 
316· 1 Pond (11&12) 9 600 375 10,000,000,000 62,350 300,000 280,575 2,805,750 1,800,000 5,186,325 
316·2 Pond (11&12) 10 620 600 10,000,000,000 86,033 300,000 387, 150 3,871,500 1,800,000 6,358,650 
316·3 Trench 20 600 10 1,000,000,000 27,067 200,000 182,700 1,218,000 1,800,000 3,400,700 
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Hanford Inactive Waste Site Study. (continued) Table 2-24 

81 Priority Sites Reconmended for Phase II Characterization. 

GROUT · IN · PLACE TECHNIQUE 

I···· ·· · · Unit Type (feet) ··· I Surface Grouting FS ENG RA Mon Total 
Cost ($) Site No. (1) Unit Type (12) Depth Length Width Diameter !Area (sq yd) Depth (yd) ($) ($) ($) ($) 

... . . .. ... .. . .. ..... .. ... .. .. .. .. . .. ... .. . .. ... ...... .. .. ..... ... .. ...... · I· . ... .. .. . . . .. .. . ... . .. .. .. . . . . . ...... . . .. .. ... . .. . ... . . .. .. ..... . .. . .. . ..... . . .. . 
216·T · 3 
216-T -7 
216·T ·8 
216·T · 19 
216· T· 28 
316· 1 
316·2 
316·3 

Reverse Well 
Crib & Tile Field 

Crib 
Crib & Tile Field 

Crib 
Pond (11&12) 
Pond (11&12) 

Trench 

206 

26 
25 
23 
15 
9 

10 
20 

310 
28 

390 
30 

600 

620 
600 

84 
28 
85 
30 

375 

600 
10 

o.75 I 
I 
I 
I 
I 
I 
I 
I 

4,647 
18,840 
7,396 

21,700 
7,511 

55,794 
78,389 
22, 133 

0 0 
53 300,000 
0 0 

53 300,000 
53 100,000 
11 300,000 
11 300,000 
14 200,000 

0 

1,700,000 
0 

1,700,000 
1,900,000 
1,700,000 
1,700,000 
1,800,000 

0 0 0 

60,288,000 1,800,000 64,088,000 
0 0 0 

69,440,000 1,800,000 73,240,000 
24,035,556 1,800,000 27,835,556 
37,940,222 1,800,000 41,740,222 
53,304,444 1,800,000 57,104,444 
19,034,667 1,800, 000 22,834,667 
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I Hanford Inactive Waste Site Study. (continued) Tab 1 e 2-24 
I 
I 81 Priority Sites Reconmended for Phase II Characterization. 

I I VITRIFICATION TECHNIQUE 
I· . .. .. .. .. . .. .. . .. . .. ... .. . ...... . .. . ... . .... ... ....... .. . . .. . .. .. ..... . ...... . .. ... .. . ... . ... ... .. .. .. .. .. .. ....... . ... .. . .. ......... .. .... ... . .. . 
I I····· · · · Unit Type (feet) · · · I I Vitrif. FS ENG RA Mon Total 
I Site No. (1) Unit Type (12) Depth Length Width Diameter !Depth (yd) (S) (S) (S) (S) Cost (S) 

I····· · ··· ·· ·· ·· ·· · ·· ·· ····· · ······ ·· ·· · ··· ··· ·· · ···· · · · · · · · ········ · ··· ··· I·· · ············ · ····· · ·· · · · ··· ·· ·· ·· · · · · ·· ·· ····· · ·· · · ···· ·· · ··· · · ·· ·· ·· 
74 I 216·T·3 Reverse Well 206 0.75 I O O O O O 0 
75 I 216 · T· 7 Crib & Tile Field 26 310 84 I 11 300,000 1,700,000 83,059,280 1,800,000 86,859,280 
76 I 216·T·8 Crib 25 28 28 I O O O O O O 
n I 216·T·19 crib & Tile Field 23 390 85 I 12 300,000 1,100, 000 104,109,367 1,800,000 107,909,367 
78 I 216·T·28 Crib 15 30 30 I 15 100,000 1,900,000 43,827,333 1,800,000 47,627,333 
79 I 316·1 Pond (11&12) 9 600 375 I 11 300,000 1,700,000 245,979,107 1,800,000 249,779,107 
80 I 316·2 Pond (11&12) 10 620 600 I 11 300,000 1,700,000 345,590,481 1,800,000 349,390,481 
81 I 316·3 Trench 20 600 10 I 14 200,000 1,800,000 123,408,089 1,800,000 127,208,089 

I . . . .. . . ... .. ........... . .. . .. .. ... ... .. .. ....... .. .. . .... .. . ... .. .. ......... . . .... ... ......... .. .. .. .... ... . . .. . ... ... .... . ... .. . . ... ..... .... . . . 
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Hanford Inactive Waste Site Study. (continued) Table 2-24 

81 Priority Sites Recoomended for Phase II Characterization. 
EXCAVATION and DISPOSAL TECHNIQUES 

······································· Excavation & Disposal •······ Total Cost Excavation & Incineration Total Cost ···· · ······ 
I Excavation FS ENG RA (E/D only) FS ENG RA (E/D + INCIN) Mon 

Site No. (1) IVolune (cu yd) ($) ($) (S) ($) ($) ($) (S) (S) ($) 

···············I··············································································································-···· ················ 
216·T·3 
216-T·7 
216·T·8 
216·T·19 
216·T·28 
316· 1 
316·2 
316-3 

I 
I 
I 
I 
I 
I 
I 
I 

0 

0 

0 

0 

0 

0 

590,333 300,000 
242,000 100,000 

0 0 
0 0 

620,000 200,000 

0 

0 

0 

1,700,000 
1,900,000 

0 

0 

1,800,000 

0 

0 

0 

215,471,667 
88,330,000 

0 

0 

226,300,000 

0 

0 

0 

219,271,667 
92,130,000 

0 

0 

230,100,000 

0 
0 

0 
0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 1,800,000 
0 1,800,000 
0 0 
0 0 
0 1,800,000 
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Hanford Inactive ~aste Site Study. (continued) Table 2-24 

81 Priority Sites Reconmended for· Phase II Characterization. 
SOIL FLUSHING TECHNIQUES 

--. -- - -- ---. -- -- ------. . . ----------- (of entire soil collllll) Total Cost ---- --- ·- (with excavation) Total Cost · · ··- ------- -
~ater Vol FS ENG RA (SF only) FS ENG RA (SF+ E/0) Mon 

Site No. (CU yd) (S) (S) (S) CS) (S) ($) ($) I CS) 

·· ·· · · · ··· · ··· · ········ · ·· · l· · ··· ··· ·· ·· ·· ·· ·· ·· ·· · · ······ · ··· ··· ··········l········· · ···· ·· · · · · ·· ·· ···· · · · ········ · ·· ·· ·· ··· · I· · ····· ·· ·· 
216 -T-3 385,664 100,000 1,900,000 18,126, 199 21,926, 199 0 0 0 0 I 1,800,000 
216 -T-7 1,199,480 300,000 1,700,000 56,375,560 60,175,560 300,000 1,700,000 1,043,980,920 1,047,780,920 I 1,800,000 
216-T-8 0 0 0 0 0 0 0 0 0 I 0 
216· T·19 1,367,100 300,000 1,700,000 64,253,700 68,053,700 300,000 1,700,000 1,399,575,567 1,403,375,567 I 1,800,000 
216-T-28 0 0 0 0 0 0 0 0 0 I 0 
316·1 632,337 300,000 1,700,000 29,719,841 33,519,841 0 0 0 0 I 1,800,000 
316-2 888,407 300,000 1,700,000 41,755,148 45,555,148 0 0 0 0 I 1,800,000 
316·3 0 0 0 0 0 0 0 0 0 I 0 
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I Hanford Inactive l.laste Site Study. (continued) Table 2-24 
I 
I 81 Priority Sites RecOlllllended for Phase II Characterization. 
I No Action 
I · ·············· ········· (with vitrification) Total Cost ··· ················· · ································ · ······· ·· ·· 

FS ENG RA (SF+ VITRIF) Mon Perimeter FS RA Mon Total 
Site No. (1) ($) ($) ($) ($) ($) (yd) ($) ($) ($) Cost ($) 

. . .. ..................... ···················································· I·········· -----·········-------------------------- -- -·---------
216·1·3 0 0 0 0 1,800,000 284 100,000 12,376 6,000,000 6,112,376 
216·1·7 0 0 0 0 1,800,000 623 300,000 27,179 6,000,000 6,327,179 
216·1·8 0 0 0 0 0 397 100,000 17,344 6,000,000 6,117,344 
216· 1·19 300,000 1,700,000 1,380,004,267 1,383,804,267 1,800,000 6n 300,000 29,537 6,000,000 6,329,537 
216·1·28 0 0 0 0 0 400 100,000 17,460 6,000,000 6,117,460 
316· 1 0 0 0 0 1,800,000 1,010 300,000 44,087 6,000,000 6,344,087 
316·2 0 0 0 0 1,800,000 1, 173 300,000 51,216 6,000,000 6,351,216 
316·3 0 0 0 0 0 767 200,000 33,465 6,000,000 6,233,465 
. .. - .. -.. - - .......... ..... - .. ------ .... -- ........ -------- .......... -- .. ----- - .. -.... .. ............ .. 



KEY and SUMMARY to CERCLA TABLES 

Key to abbreviations 

BLS Below land surface 
ENG Engineering and design 
FS Feasibility Study 
MON Post Remedial Action monitoring 
RA Remedial Action 

Surrmary of methods and ass'-'ll)tions 

* The area or voll.1111! of measure used to calculate the costs of a technique 
is generally included along with the associated costs. 

* Feasibility Study costs range from S100,000 to S300,000 depending on 
the size of the site. (See section 3.3). 

* Engineering and design costs are a percentage of the Remedial Action 
costs, but, the sun of the engineering and design costs (ENG) and the 
Feasibility Study CFS) costs lll.lSt be less than or equal to S1,200,000. 
(See section 3.3). 

* Remedial Action costs are a f~tion of the technology costs and the unit 
of measure for a given site, i.e., square yards or cubic yards. 

* Some sites have a conbination of technologies identified, such as soil 
flushing following excavation and disposal. The conbination of Feasibility 
Study and engineering and design costs retain the S2,000,000 maxinun 
limit, however, the Remedial Action costs are conbined. The Remedial Action 
labeled Soil Flushing Techniques (with excavation) has a RA cost of the RA 
the f lushing costs for the site after excavation plus the excavation and 
disposal cost. 

* Total costs are a sun of the Feasibility Study, engineering and design, 
Remedial Action, and post Remedial Action costs. 

* Post Remedial Action monitoring is carried out semi-arr,ually for 30 
years for all remediated sites. Sites that received No Action are monitored 
for 100 years on a semi-annual basis. 
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2.8 ESTIMATED SCHEDULES ANB MANPOWER 

This section provides a description of the schedules and manpower 
needed to complete site characterization and remedial action for the CERCLA 
sites. This effort was necessary to ultimately produce a master schedule 
for addressing both RCRA and CERCLA sites as described in Section 4. The 
methods used to develop estimates of manpower and scheduling recommended for 
characterization and remediation are also provided in this section . 

Characterization of the CERCLA sources assumes an 18 month period to 
complete any one source. Each source will involve two drilling rigs: one 
for soil boring and the other for well installation. Staff for each 
drilling rig will involve a supervisory geologist, driller, and a health and 
safety or sampling specialist per drilling location. Additional 
characterization activities such as lysimeter installation, soil gas 
sampling, and water quality sampling will each involve additional staff 
ranging from 1 to 3 persons. In addition, one field manager coordinating 
the overall operation will be necessary. 

The remediation of the CERCLA sites will involve the preparation of a 
Feasibility Study report, engineering analysis and design of the selected 
remediation approach, conduct of the remedial action, and post-remedial 
action monitoring. For the purposes of this study, a period of nine months 
was scheduled for completion of the feasibility study. Six additional 
months were added for the review of the feasibility study by EPA and the 
State of Washington. Thus, a total of 15 months was scheduled to complete 
this task. This is consistent with the requirements promulgated under SARA. 
The total number of manweeks required to complete the feasibility study can 
be determined based on the costs considered for the feasibility study as 
outlined earlier in Section 2.7. An average labor rate of $60/hr was used 
based on the level of scientific and engineering expertise needed to perform 
the study. The feasibility study costs vary by the type of site being 
remediated, but the total manweeks for each site may be estimated by 
dividing the feasibility study costs for each site by the average labor 
rate. 
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After the feasibility study has been completed, reviewed, and approved 
by EPA and the State, engineering analysis of the recommended remedial 
alternatives can be started. It is assumed that a period of one year (52 
weeks) is required to conduct the engineering analysis which includes 
initial engineering design and review, cost estimates, and construction 
management. Based on the costs required to perform this activity (as 
identified in Section 2.7), the total manpower requirement can be calculated 
as for the feasibility study using the $60/hr labor cost. The total 
manpower requirement will vary significantly on a site-by-site basis and 
with each different remediation technology considered in this analysis. 

The scheduling and manpower requirements for remediating each site are 
based on the estimated volume of waste, soil, or water identified as 
requiring remediation or treatment at each unit. These requirements ~re 
presented in Appendix A for each of the remediation technologies. 

After a unit has been remediated, it will be necessary to perform post
remedial action groundwater monitoring. A 30-year groundwater monitoring 
program is recommended so that the site cleanup program will be consistent 
with the RCRA post-closure monitoring program. Under the RCRA program, land 
disposal facilities that have undergone closure are required to perform 
groundwater sampling at the facility on a semi-annual basis for a period of 
30 years. The objective of this program is to verify that the remediation 
or closure action has resulted in either the elimination of hazardous 
constituents from the environment or the reduction of constituent 
concentrations to levels below the applicable regulatory standards. Under 
this program, semi-annual groundwater sampling for hazardous constituents 
will be performed at one upgradient and three downgradient wells at each 
remediated site. Each of the wells will be purged and sampled, the samples 
analyzed, and a report prepared. This will require a total of 8 weeks to 
complete on a twice-yearly basis. Clerical support, well maintenance 
support, and monthly well inspection will also be required. The total 
manpower required on a yearly basis would be 216 hours or 162 manweeks over 
a period of 30 years. 
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Based on the above analyses, the unit master schedule for a CERCLA site 
would be as follows: 

Characterization Feas. Study Eng. Remedial Action Post-RA Mon. 
l-----------------1-----------1---------I-----------------I-------------- I 

18 mo. 15 mo. 12 mo. variable 30 yrs 
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3.0 ASSESSMENT DOCUMENT FOR RCRA 3004(u) SITES 

This assessment document presents an evaluation of the possible charac
terization and remediation needs of RCRA 3004(u) sites at Hanford. The 
purpose of this effort is to develop an estimate of the costs and time 
required for addressing these sites. 

Sections 3004(u) and (v) and 3008(h) of RCRA were added by the 
Hazardous and Solid Waste Amendments of 1984 (HSWA). These "corrective 
action" provisions of RCRA authorize the EPA to require corrective action to 
be undertaken to address releases of hazardous constituents at sites located 
at either interim status facilities or facilities that will require a RCRA 
permit. Consequently, for any federal facility that will require a RCRA 
permit for one or more treatment, storage, or disposal units, releases from 
solid waste management units (SWMUs) at that facility can be addressed by 
the EPA under RCRA authorities. SWMUs include both past and presently 
operating facilities whether or not their operations were before 1980. 

The RCRA corrective action authority is a redundant authority that EPA 
could use at DOE facilities. The RCRA authorities are broader than the 
CERCLA authorities because the standard that must be met in order to invoke 
the authority is as low as [under Section 3004(u)] the mere existence of a 
release, whether or not any person or any part of the environment is 
threatened by the release. EPA is not required by Sections 3004(u), 
3004(v), or 3008(h) to show an "imminent and substantial endangerment," as 
required under CERCLA. 

The corrective action programs already in place under CERCLA and RCRA 
40 CFR Part 264 Subpart Fare the foundation for the 3004(u) program. 
Sections 104 and 106 of the Comprehensive Environmental Response, Compensa
tion, and Liability Act (CERCLA) authorize EPA to take response actions, 
including removal or remedial measures, when a release or threat of release 
of a hazardous substance is discovered which may effect health or welfare . 
Generally, these authorities are used in situations where contamination has 
occurred at abandoned sites. Where contamination is related to activities 
at hazardous waste management facilities that are currently operating or 
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related to former waste management units at currently operating facilities , 
both RCRA and CERCLA potentially apply. EPA has usually chosen, as a matter 
of policy, to initiate action under RCRA rather than CERCLA at many facili
ties. 

The Hazardous Solid Waste Act (HSWA) corrective action regulations, 
when they become available, will represent the most important set of RCRA 
standards (ARARs) for CERCLA remedial actions. As such, a primary goal in 
development of the RCRA regulations will be to establish, to the maximum 
extent possible, a consistent approach between the RCRA and CERCLA programs 
in remediating environmental problems. 

Existing RCRA regulations for groundwater corrective action (40 CFR 
Part 264 Subpart F) prescribe a specific approach for detection, characteri
zation, and cleanup of contaminated groundwater from permitted land 
disposal units that received waste after July 26, 1982 (40 CFR Part 265 
Subpart F, for interim status facilities). Subpart F requires that ground 
water be removed or treated in-place within a reasonable period of time when 
a pre-determined performance standard has been exceeded at a point of 
compliance (waste unit boundary). The performance standard may be defined 
as background concentrations, a generic drinking water standard applicable 
to all facilities (maximum concentration l imits or MCLs), or a health-based 
standard calculated on the basis of actual facility conditions (alternate 
concentration limits or ACLs). 

RCRA standards for closure of operat i ng hazardous waste management 
units are also related to establishing cleanup remedy standards for 3004(u) 
corrective action . Many corrective actions are likely to involve measures 
designed to control sources of contaminat i on. RCRA closure regulations 
specify how wastes in waste management un i ts may be removed or 
decontaminated or otherwise subjected to post-closure care requirements. 
Although the concept of RCRA "closure" of operating waste management units 
is in some ways different from cleanup of old, abandoned waste management 
units or contaminated areas, the approach to regulating corrective action is 
taken to be consistent with the principles of RCRA closure . 
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EPA has not resolved how it will apply the CERCLA and RCRA corrective 
action authorities. Many situations, at least over the short-term, can be 
addressed by orders under either authority, thus leaving EPA with a choice 
of tools. But, over the long-term, for active sites that will eventually 
require a permit, the Administrator of EPA is required by Section 3004(u) of 
RCRA to put conditions in the permit that require corrective actions to . 
address releases from SWMUs. Thus, even if all SWMUs that score above 28.5 
on the HRS (or the required score on the new HRS replacement that SARA 
requires) are addressed by DOE under CERCLA, DOE could later be required 
under RCRA to address releases from any sites that did not qualify for the 
NPL. Therefore, it is unclear for the present whether CERCLA or RCRA will 
apply at uncontrolled DOE waste sites. This decision is one that EPA 
Region X will most likely retain responsibility for making rather than 
DOE. 

The Washington State Regulations for Dangerous Waste (173-303 WAC) will 
apply to all dangerous waste interim management units, dangerous waste 
permitted waste management units, and units seeking a closure/post-closure 
permit as a dangerous waste management unit. The corrective action 
provisions under this regulation include groundwater monitoring corrective 
action (interim and final status land disposal units) and closure 
requirements (clean up contamination to background or close as a "RCRA" 
landfill). These regulations are equivalent to 40 CFR 264.100, 264.112, 
264.117, 265.93, 265.112, 265.117, and 265.118. 

Corrective action of solid waste management units can only be mandated 
by EPA under RCRA 3004(u). Any· facility seeking a dangerous waste permit 
(final status or closure/post-closure) will be subject to the corrective 
action provisions of the 1984 RCRA amendments. EPA currently has sole 
authority for the 3004(u) corrective action program. No states have been 
delegated this authority. Under the EPA 3004(u) corrective action program, 
special conditions will be included in the permit specifying remediation or 
verification sampling to be performed and a schedule for the meeting these 
requirements. 

3-3 



I 

I 

Draft September 3, 1987 

In order to plan for addressing potential RCRA 3004(u) sites in 
addition to CERCLA sites, a preliminary assessment was performed. The 
statement of work for this assessment required the development of both a 
characterization strategy for potential 3004(u) sites and a remediation 
strategy. To develop the characterization strategy, a feasibility and 
scoping effort was performed to identify the types of potential RCRA 3004(u) 
sites from the inactive waste site or past spill information provided by 
Westinghouse. As outlined in the statement of work, these sites were 
evaluated to determine generalized facility types to serve as the analysis 
base . 

. The characterization strategy involved evaluations of wastes managed at 
specific sites and waste characteristics. This information served as the 
basis of an assessment of the potential for past, present, or future release 
of hazardous constitutents to the environment and an assessment as to 
whether remediation may be required or whether verification of the absence 
of releases or hazardous constituents through site characterization was a 
potential action. The activities that might be performed with 
characterization and the costs associated with these activities were 
estimated. 

The remediation strategy under the statement of work required two 
alternatives be considered: (1) exhumation in all cases, and (2) one in
place remediation technique for each type of site. In-place remediation 
techniques were evaluated and one technique selected for each type of waste 
site. The activities and costs associated with exhumation and the in-place 
remediation techniques were described and estimated. Finally, 
implementation schedules were developed for 3004(u) site characterization 
and remediation. 

The preliminary assessment presented in this section represents a site
by-site analysis of characterization and remediation. Grouping sites 
together on a more regional scale will realize significant cost savings and 
will be more practical for characterization and remediation given the 
complex waste management unit interactions at Hanford. These issues are 
addressed in Section 4. 
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This section presents the preliminary assessment of the RCRA 3004(u) 
sites for budgetary costing and scheduling purposes. Section 3.1 describes 
the feasibility and scoping effort. Section 3.2 presents the 
characterization strategy. Section 3.3 presents the remediation strategy. 
Section 3.4 presents the estimated manpower and scheduling requirements. 
Section 3.5 describes support activities for characterization and 
remediation. Section 3.6 describes data limitations associated with this 
analysis. 

3.1 FEASIBILITY AND SCOPING 

Figure 3-1 presents an overview of the evaluation process used to 
determine whether a waste management unit is potentially subject to RCRA 
3004(u) and to determine the need for characterization or remediation 
action. This section addresses the scoping process for determining which 
inactive Hanford sites are potentially subject to RCRA 3004(u) corrective 
action prior to the application of a characterization strategy and a 
remediation strategy. The need for action evaluation is presented in 
Section 3.2. 

The scoping process consists of identifying sites that are subject to 
RCRA 3004(u) corrective action. SAIC has reviewed the information provided 
on inactive waste sites at the Hanford Reservation to determine the 
potential applicability of RCRA 3004(u) corrective action requirements to 
those sites . . The information provided included inactive sites with CERCLA 
HRS/mHRS scores less than 28.5, reactor buildings, other radioactively 
contaminated structures, inactive waste management sites, past waste spills , 
and areas denoted as having radioactive contamination. 

In order to make each decision required in the process outlined in 
Figure 3-1, certain criteria are used to examine available data. Criteria 
based evaluations are conducted at the following points: 
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o Unit Used to Manage Solid Waste 

Inactive waste management units, process units, material 
storage areas, spill sites, and sites of contamination are evaluated 
to determine whether the unit or site was used (or is now used) to 
manage solid waste. This evaluation relies on the definition of 
solid waste as presented in 40 CFR 261.2. Solid waste includes any 
discarded material that is abandoned, recycled, or inherently waste
like. Figure 3-2 presents a summary decision chart outlining the 
process for determining whether a material is a solid waste. The 
regulatory definition of solid waste excludes materials such as 
domestic sewage; untreated sanitary wastes mixed with other wastes 
for discharge to a P0TW for treatment; point source discharges 
regulated under the CWA; irrigation return flows; source, special 
nuclear, or byproduct material subject to the AEA of 1954; materials 
subjected to in-situ mining techniques; pulping liquors that are 
reclaimed; and spent sulfuric acid used to produce virgin sulfuric 
acid. These exclusions are presented in 40 CFR 261.4. It should be 
noted, however, that units or sites containing mixtures of low level 
byproduct materials and hazardous waste are considered to be units 
used to manage solid wastes. 

Another factor considered in the evaluation is whether the site is 
any discernible waste management unit from which hazardous 
constituents might migrate. This includes containers, tanks, 
surface impoundments, waste piles, land treatment units, landfills, 
incinerators, underground injection wells, recycling units, 
wastewater treatment units, other treatment units, etc. 

o Routine, Systematic, and Deliberate Spill/Release 

Under certain circumstances, process units, waste lines, and other 
facility activities or materials management units/systems may 
potentially be subject to RCRA 3004(u). Spills and/or releases from 
process units and production areas not associated with regulated 
discharges or waste management units are potential candidates. In 
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general, spills or releases from process/production areas and units 
which are routine, systematic, and deliberate may be considered 
further. This evaluation relies on engineering judgment and the 
"pattern" and history of materials management or spill remediation 
evident at the facility. 

Criteria used in the evaluation include the frequency of spill 
occurance, the period of time overwhich the practice occurred, the 
immediacy of remedial action taken (e.g., in repairing active 
leaks), and the alternative management or mitigation measures 
applied to prevent environmental contamination. Some examples of 
routine, systematic, and deliberate spills are: discharging 
residual wastes from tank cars of railroad cars after the bulk of 
the waste volume has been transferred; discharging residual product 
chemicals (e.g., solvents, acids) after unloading the products into 
process storage tank cars or railroad cars; spreading solvents or 
waste oils for weed control; allowing line leakage to occur over an 
extended period of time (months or years) without repairs; allowing 
line leakage to occur over an extended period of time (months or 
years) while collecting some of the leakage but not repairing the 
line. In such cases, the concern is with continued releases to the 
environment which subsequently provide a "source" for further 
hazardous constituent release to the environment; if the discharges 
occurred within a containment structure (such as a concrete trench), 
then such discharges would not be subject to corrective action 
although the trench could be so considered. As a whole, this 
category of "units" excludes accidental spills from process or 
production areas and excludes one-time or short term (days) spills 
which would generally be addressed under best management practices 
or the National Contingency Plan. 

o Unit Contained Hazardous Constituents 

A solid waste management unit (SWMU) is not considered subject to 
RCRA 3004(u) corrective action unless it contained hazardous 
constituents. Hazardous constituents are those identified in 40 CFR 
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261, Appendix VIII or IX and also include the hazardous waste 
characteristics of ignitability, corrosivity, reactivity, and EP 
toxicity (as defined in 40 CFR 261.21-24). If available data are 
insufficient to determine that a unit contained hazardous 
constituents, then characterization action must be taken to make 
that determination. 

The sites identified as potential RCRA 3004(u) sites are listed in 
Appendix 0-1. Sites excluded from consideration are those that are active, 
are part of a unit seeking a Dangerous Waste or Closure Permit, or are out 
of the scope of this project as identified in the original Request for 
Proposal. Also included in Appendix 0-1 is a list of sites that have been 
excluded from consideration and the basis for the exclusion. Additional 
sites listed in the Appendix are those identified as not falling under the 
jurisdiction of either RCRA or CERCLA. 

Approximately 500 units or sites at the Hanford Reservation have been 
identified as potential RCRA 3004(u) sites. Table 3-1 presents a summary of 
the sites by Hanford area and by unit type. It should be noted that the 
numbers on the table represent the number of sites and not necessarily the 
number of individual units. For instance, a tank farm composed of 16 
individual tanks is represented as one site and not as 16 individual units. 

The data provided in Table 3-1 indicate that approximately 60 percent 
of the 3004(u) sites are located in the 200 East and 200 West areas, with 
approximately equal numbers of sites in each area. The data compilation 
also indicates that trenches are the most prevalent waste unit followed by 
cribs, tanks, diversion boxes, burial grounds, and french drains. These six 
types of sites represent 54 percent of the total number of sites . Section 
3.2 provides further refinement of the different types of sites into 15 
generic types of sites for subsequent evaluation. 
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3.2 CHARACTERIZATION STRATEGY 

The characterization strategy has been developed based on identi
fication of RCRA 3004(u) corrective action issues. Approximately 500 
potential RCRA 3004(u) sites have been identified. These sites have been 
identified by Hanford area (100 N, 200 east, 600, etc.) as an initial 
grouping because of the generally distinct geographic distribution of the 
sites within the Hanford area (see Appendix 0-1). 

3. 2.1 Determining the Need for Remediation 

Figure 3-1 presented an overview of the characterization strategy 
process for evaluating the 3004(u) sites. This approach has been developed 
based on the 3004(u) requirements outlined in Section 3.1. At a RCRA 
3004(u) site, the need for action includes remediation or simply verifica 
tion of the absence of a problem (past, present, or future release; absence 
of hazardous constituents; or residual contamination). No further action 
may also be selected for a given site if no hazardous constituents are 
present or where no present or future contamination problem is likely . A 
site will require verification if it needs to be determined that: 

o No hazardous constituents are present in the unit 
o No release of hazardous constituents has/will occur 
o No residual contamination remains from insufficiently 

documented cleanups or past/present releases . 

In each case, the characterization needs will differ largely in terms 
of the extent of sampling or other information collection that may be 
needed . Additionally, if sampling during characterization reveals that a 
problem exists, the site would be shifted to a new characterization category 
prior to remedial planning activities . 

The need for action depends upon a number of factors. These include: 

o Containment provided by the waste management unit itself in 
preventing release to the environment 
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o Past, present, or future adequacy of the containment provided 
by the unit 

o Nature of the wastes disposed (solid, liquid, gas) as an 
indicator of the likelihood of transport in the subsur
face environment 

o Constituents of concern in the wastestream disposed and 
their behavior in the environment (e.g., subject to 
subsurface transport or partitioning in the vadose zone) 

o Potential exposure hazards, potential media impacted, and 
pathways of migration 

o Evidence of past release to the environment and nature of 
action taken 

o Adequacy of data and documentation to support need for 
action decisions or to demonstrate the absence of a 
problem. 

Overall, the need for action is a function of the release potential of a 
unit and the waste constituents present in that unit. These two areas are 
the basis of the characterization evaluations conducted. This evaluation 
focused on the development of two matrices: a waste constituents matrix and 
a need for action matrix. These matrices and the supporting evaluations are 
described in more detail in the following sections. The purpose of these 
evaluations is to assess potential characterization needs to establish 
budgetary needs and timeframes. 

3.2.1.1 Waste Constituents Matrix 

Each site was evaluated to determine the type of unit involved 
(function and structure) and the characteristics of the wastes/materials 
present. The analysis proceeded on a site-by-site basis within a given 
Hanford area. Tables 3-2 through 3-15 present the waste constituent 
matrices completed for the inactive RCRA 3004(u) sites that have been 
identified in the following areas: 100 B/C, 100 D/DR, 100 F, 100 H, 
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KEY TO TABLES 3-2 TO 3-15 

Site Type Code (Column two of the Waste Constituents Matrices) 

A 
B 
C 

D 

E 
F 
G 

H 

I 
J 

K 
L 

M 
N 
0 

pH Codes 

A• acid 
B • base 

aboveground covered landfill 
aboveground uncovered landfill 
belowground covered landfill 
belowground uncovered 1 andfil l 
surface impoundments 
ditches 
underground dispersion systems 
aboveground tank 
underground tank 
spills 
underground vault 
burning pit 
incinerator 
process sewer 
other 

Y = corrosives present but type could not be determined 

Other Codes 

? • presumed 
ND= no data 
NS= not suspected 
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100 KE/KW, 100 N, 200 North, 200 West, 200 East, 300, 400, 600, 700, and 
1100. rhe codes used in the matrices are presented in a key preceding 14 
tables and on the matrices. These data are subsequently used to evaluate 
release potential and to identify potential remediation/characterization 
needs for each site. 

The waste constituents matrices completed include the identification 
of a general type of designation for each site listed as a potential RCRA 
3004(u) site (i.e., landfill, surface impoundment, underground dispersion 
system, aboveground tank, etc.). This preliminary determination was made to 
enable later site groupings, and to develop generalized units descriptions 
for each unit type to enable remediation and characterization costings to be 
performed. The waste constituents analysis focused on the type of waste 
placed in the unit. This included "checkoffs" fat whether the waste source 
and constituent chemicals were specifically identified; identification of 
chemical components (organics, volatiles, inorganics, metals, pH); 
identification of radionuclide components (fission products, other 
radionuclides, residual radioactivity); waste volume disposed; and 
identification of the nature of the waste (solid/hazardous waste, mixed 
waste, or radioactive only waste). These data serve to identify the nature 
of the wastes disposed/released and, in a broad sense, a summary of their 
potential behavior in the environment. 

In evaluating the waste constituent matrices, nonradioactive chemical 
characteristics were evaluated separately from radionuclides. The chemical 
characteristics focused on identifying basic components of the wastes 
managed and disposed that move differently or "behave" differently in the 
environment. As mentioned above, these components are: organics, 
volatiles, incorganics, metals, and pH. Metals (as a chemical component) 
did not include radionuclides that are also metals (e.g., uranium). 
Radioactive components were addressed in a separate analysis. pH was 
included in the evaluation because the disposal of acidic or basic materials 
can substantially alter behavior of other components in the environment 
(e.g., metals mobility). Radionuclides were identified as being fission 
products or other radionuclides. Fission products included strontium , 
cobalt, and cesium while other radionuclides included uranium and plutonium. 
The comments section of the matrices notes where tritium is included as 
"other" radionuclides. 
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Exhumed sites were evaluated as if the wastes were still present for 
the purposes of waste character i zation . The release potential evaluation 
conducted subsequent to this step considers the fact that the wastes, as a 
source of continuing release to the environment, have been removed . 

3. 2. 1. 2 Release Potential and Need for Action Matrix 

Each site was evaluated for its release potential , i.e ., the past , 
present, or future potential for release of hazardous constituents to the 
environment from the unit in question . This evaluation addresses releases to 
soil, groundwater, surface water, and air as well as the generation of 
subsurface gas (toxic or methane). This information serves as the basis fo r 
determining the need for action as well as site groupings. Sites that are 
in the same vicinity and affecting the same pathways could be grouped 
together. 

The release potential analysis is a best professional judgement 
analysis that considers the following factors: 

o Unit Characterizations 

- type 
design features 

- past and present operating practices 
- period of operation 
- age of unit 
- location of unit 
- general physical conditions 
- method(s) used to close the unit 

0 Waste Characteristics 

type of wastes/materials placed in the unit 
- migration and dispersal characteristics 
- physical and chemical characteristics 
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0 Migration Pathways 

- geologic setting 
- hydrogeologic setting 
- atmospheric conditions 
- topographic characteristics 

o Evidence of Release. 

Under RCRA 3004(u) programs, exposure potential is considered only in 
determining if immediate action should be taken. In accordance with the 
Statement of Work, the characterization assessment proceeded on the basis of 
approximately 2000 pages of information from the Draft Phase I Installation 
Assessment Report and the Waste Management Units Report. 

Tables 3-16 through 3-31 present the release potential and need for 
action matrices for the following areas: 100 8/C, 100 •/DR, 100 F, 100 H, 
100 KE/KW, 100 N, 200 North, 200 West, 200 East, 300, 400, 600, 700, and 
1100. The codes identified on the matrices are defined in the key 
associated with each matrix. The comments column presents a brief summary 
of key information or technical issues that affected the decisions presented 
in the matrix. 

A preliminary assessment of the need for action at each site has been 
performed to provide a basis for the costing analysis. A final 
determination on remedial action cannot be made until the completion of the 
formal remedial investigation/feasibility study process. The need for 
action is defined for each site. There are five categories of action 
identified for the inactive 3004(u) sites: remediation, verify no release, 
verify no hazardous constituents, verify no residual contamination, and no 
further action. Remediation is selected where the waste constituents are 
particularly toxic, are affecting a broad spectrum of media, are continuing 
to be released in the environment, or pose a hazard which may be eliminated 
or reduced by taking action. This will involve characterization of the site 
in question and will generally follow the RI/FS process for CERCLA sites 
except that cost will not be a factor of the analysis for the RCRA sites . 
Verification of no release is selected where wastes remain in place but no 
release to the environment is believed to have occured either through the 
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KEY TO TABLES 3-16 TO 3-29 

The three-digit codes shown in Column Two (Site Code) of the Release 
Potential and Need for Action Matrices represents the following: 

First digit - Need for Action code 
1 Remediation 
2 Verify No Release 
3 Verify No Hazardous Constituents 
4 Verify No Residual Contamination 

Second digit - Type Type Code 
A aboveground covered landfill 
B aboveground uncovered landfill 
C belowground covered landfill 
D belowground uncovered landfill 
E surface impoundments 
F ditches 
G underground dispersion systems 
H aboveground tank 
I underground tank 
J spills 
K underground vault 
L burning pit 
M incinerator 
N process sewer 
O other 

Third digit - Waste Types 
Q Solid Waste/Hazardous Wastes 
M Mixed Radioactive/Chemical Wastes 
R Radioactive Waste Only 
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TABLE 3-17 100 D/DR RELEASE POTENTIAL AND NEED FOR ACTION MATRIX 
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TABLE 3-17 100 D/DR RELEASE POTENTIAL AND NEED FOR ACTION MATRIX (continued) 
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TABLE 3-18 100 F RELEASE POTENTIAL AND NEED FOR ACTION MATRIX 
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1SULFftrU AHO OfN[JI !.Rl.fS . WA~ h :: SHOl.11.. 0 S TILL 
1IE IH TKE liROUhO. t'H fllf(IIHTI OtL 

' 1FOII !.CP rI C fll Mt;S tittO OIIAIN fl[LOS , H I !. NSSUnt.0 
11111H MASI[ I S NO !:r. TLV S[MhG( l 'i'PL flHO IJfil'I HI 
1C0Hf lffl lhMT THCRC I S MO KA2AA01.1u s DA RhO J OFtlllltl[ 
tCOtHflftlNAflOH . If lttJS IS HtUC , TIICN,..... FUNIHU 
111Cf lOM IS UOUlllCO • . 
1SftnC RS MDV£ . 
I Sftn[ ti NtOU( . 
1SftnC lti MOVl . 
1Sittt[ ti MOV[ 

··· ··· ······-··· - ···············--- · · ·· ·· ·· -· -··· ···· ------·- -·- ---···· -·· · ······---·· -- --·· ··--···-·····-----· ------·· ·-··--···----··----··-·-·· ·----·- -------··---··- ··--·----·--··------·--··-·----·-·- ·------··---- ·- --- ·-·----·-------·-·-- ······••·••--· --·-····---···· 
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SS::: .. ub .... •r e<.• 1101 I 
S :: s o¥f • <• iK>il 

p ; p.e.a l • Ir ..- • I •• • • 
C= curr • nl • I r r • l •• 11 • 

F : lul,x • • I f' ..- • l •• a.a 

•= .... 
e1 ...... . rw 
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NO 
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HO 

HO 

HS 

HO 
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HO 

HO 
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HS 
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HO 
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HO 

HS 
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"' 

HS 
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HS 

HO 

NS 

HO 
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HS 

HS 

HS 

HO 
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t,I,. , l f •t tlu \1,.,.,, .. N , 
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l""1 1 l 1 lu .. , ,l-, 1: unl .. unat, ,, ,. 
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:Jll:.IIU Ul'lttt.l lltttl.lllllll . 

' 1:tlll l ,'U,llfllll . 

' 1k( lllt U Ht1U :t lhtil ll,'IIJ •IIOH, •; U\Vltti , ill Ut)llll . 
1(1ltofllfllt0H ll) llll\lll hU l.11:t . 

' 1S lll 11.u• rJ II llll •W'IO ':i lllllllllll li I" l'H'I. 
: St lnE :, '""' "": CN ·;ui,:1 ~ -, . 

l"'l (M1l11 llN •. ufll •u . , llttn Ill rtil llUII I IIL il tkl i. :, I It 
I lilEl(IVll• n-z Clk.l.lJIN lkton f'U..[,( ... (Ll l . 

' 1S II ( hil'> lill·. 14 l )(ltlll'II U , U1 kU 'I lt'"I I Ullo:1 I :, 
I NO Cttl nl Lltl. I.la itttl.• . i,:( ! . I IJIJt'lt S klnnlNltlM 

' :(UNh,nl"tlllU l UIIIP. ~ 101":lll HUUVI l;loJIJNl) n,11' lit¥/( 
(ot1T 11nUonHO '),l,lll;f t il'.t. s c,11 S I HIil . M0•111H lot.cl 

I (Otl'loflllll II ON WltS II S n,w (O lllt,IN l•Jlt;I\ Nl ( "i l lU ., 
I P~INI S '1ft) 54.tl.l){NI S• 

1W11') 1t MM '::> lill ':. ll it.l:. I'll ·.u1o11n, ~ Ill lt lt t-tt. '.) I . ( Llnllllt4" . 
1Ai: JO '.>l lHt:10 Wil~,f l :t tlHU OI Y ~ht!,11 !. IJUI" ;1)1 1( l !kLA . 
:lltCJ'.1 II.IC!•. CM.IUD WIIH PIIWL t: Plt\t l l 11->11 ,, u••.nllll. 

' :Ot.lU:ntNl M, lO TU Ml n,w [ Mll:tll S. 

1kl.l,Ut t11l0 li..Ull"N . Mf S 1u 1,111.,1 : . 

' 1UN') t'I L I • llU 1111.• "'" '::> II ·• liH!I nl ktll t11 t- • 11111 Mfl 'lo ll , . 
I 2 ~IUll(J( H llt\t)t I ' > t\11O I I Ol t1. t.:I I [ \.1111.11 I , 
I lhltl(M. N Vt'll._f ~. Wl"lll. uf[N 111 bu ll llfl . 

' 1ft \.llit :11. IV 1,11 : flM.1N i.ttl.1 . WH '. .11 . ') '4Uk"lll !lllll.llillil, 
, l' t\1111 :t t\HIJ S(w,•,t N\ '). HI• l cl NOIAllun "6 : 
1 ftOtlll ONl "' ) Ml'.l l ( O. 

:&otl.tflllU1. 

1(1.kr'U :tu WJIII f'tft•• l ll ''"u :t> INU . 

1(klil 11111' ( £11 .ttlf •Sl::. (001"'1 111" \10 l olllll ll 111<.•Wt' ll'i'• :t 
1(k t\O lot tCllt.11 ~) UN s °':r1 tC [ . 

:IJH II u·.to 1,, UI SI-OSl Ml ),;10 w,1•. 11 :, tlhl l L ) , ~, 
:fl(IOJl 'I hl.•illtli'INu !-r WHICH UIIS BllH Oll(•. r[I, '" 
1Glol:OUtlOM!llllt . 

' 1 .... "1 11.ill• . 

11'.M IB =:o lkl.lth*( hltV l Ullttl ':tt.. kl•lll"l lJ u ll 11\f '.. I 
1N'IOUt1r OF 1t1t01utt1;11i·11 v llf " N\" ~ Ill tU llttl1fU.:O . 

' :ittCt:.IIUU• . 

1l1Jl - 111. lit1tlf f'IHINllHlll to . l 11.!Jl)M . '> INI . Ali!! ·>t11M 1~ 
I OKt,IHAtit . HO J:NOMtl ,·ou: .r lfllfNI !, t1u1 lh lU. 1-Ut:t H 
1 l'llt\ ' IIHVl UECH OI ShJ",10 . Ot11: 1,tllllO . 

' 1CtlN fllfllfltlllU °':Co11t1ll MflS lt ,. 

,C~llil :, fli ut l•* E f'IIIY I lJI l tlf ' ').I : . 

' 1Ckl&:. Ml"i,:l ' ,1141 ru WIIU 1.1,w .i.uL Ntil• ·. 1 II I ') 
1 (Ck'tHl0 10 z;~ II I Nt:ttf'~.lJI ATIUU FIM.ll ll l' . 

' 1SHllft lofl Ml&f: .. kH ll •JII Mtt':. I(, •JHH :t l Oll t ll>I . t'II 
Olilt ,I NHW l"tt!O Zl°IJ · f l 1•un1 •1f111.J ', ( ll!JI II O UltS l l . 

f - , ... .... .. • ir • • , ... , .. 

k - "~· • 

bl .. .L - ,.. , 
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11/ .1 I 0 · S·,,'j, 

' l't')l I l•·· ,S 
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l U , - 0 l, .. SMN• I.ii HM 

1 11 ¥ l ~ I •• ..-- u ..... , a.a.: 
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1 • 1 l:t'f' R l '• I ,h •••ro. 1,,.. t....• 

• - .. . , , ,.1 ..... ...... , ..... .. .. ,..""" 
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1ll101twJC 11l1: S NI l!.M.• · ~~ O II .-aVJt ..... 11a11u.t . 
1CUNII .. Oll(#l ' INl,~ DII ~ft tCI:. 

1LMltl 'i. l.UlHa( IIIW l UILflf •~ ;. t UP11 ... ,11 1v1 ut1 OittJt"l' llti , 
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' 11111.UI •. lll•'i. , 1M'. lUll lW-:.tU f'ttl • "-' ':t _,._ ,1 11 1tt1 . 
1C1NUIU Wlhl N•·•llf HMO S lk8l1lllt• . C. 8CoU11'>MtllU! 
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' 1~1l '.) ftlltitllolO INC LtO "tl I NI ttlt"' 'M Ml._ . Wit'> 
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construction of the unit or the nature of the wastes or both. Verification 
of no hazardous constituents is selected where a solid waste generally 
posing lfttle threat (such as sanitary wastewater) may have served as a 
source of release of hazardous constituents based on the nature of the 
operations served. Verification of no residual contamination is selected 
where action has been taken to remediate a release to the environment but 
documentation of findings is incomplete or chemical contamination from a 
mixed waste spill does not appear to have been adequately assessed/addressed 
by the actions identified. The time period over which the site was used, 
the volume of waste disposed, and the time since last use of the site were 
all considered in making these assessments. 

The final activity in evaluating the need for action was to code each 
site based on the waste type and action area identified. The three digit 
code appears under the column "Site Code." This three digit code allows 
identification of each site's need for action and was used for additional 
site sorting and for prioritizing sites. Scheduling site priorities for the 
master characterization and remediation schedule. 

The first digit of the code refers to the need for action; this code 
is a numeric code assigned as follows: 

1 = Site requires remediation (and characterization prior to 
remediation) 

2 = Site requires verification of no release 
3 = Site requires verification of no hazardous 

constituents 
4 = Site requires verification of no residual contamination 
5 = No further action required. 

The code was assigned to reflect the most to least "pressing" status of a 
unit. 

The second digit of the code refers to the unit type. Each site in an 
area received an alphabetic code designating the unit type. The inactive 
sites present at Hanford cover a wide variety of designs, but many of them 
function in the same general manner for waste disposal or dispersion and can 
thus be grouped into distinctive "types." These unit type codes have been 
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developed to uniquely identify sites based on construction, operation, and 
environmental releases as a result of operations in order to select one "in
place" remediation technique for that situation. The codes developed for 
each type of unit are as follows: 

SOLID WASTE SITES 
o A - aboveground covered landfill 
o B - aboveground uncovered landfill 
o C - belowground covered landfill 
o D - belowground uncovered landfill 

LIQUID WASTE SITES 
o E - surface impoundments (includes large bottom percolation 

systems, ponds, etc.) 
o F - ditches (includes bottom/side dispersion systems-ditches, small 

trenches) 
o G - underground dispersion systems (french drains, tile 

fields, cribs) 
o H - aboveground tank 
o I - underground tank 
o J - spills 

MISCELLANEOUS 
o K - underground vault 
o L - burning pit 
o M - incinerator 
o N - process sewer 
o O - other. 

In this designation system, "covered" landfill is defined as a landfill or 
waste pile where some material has been placed on top of the wastes (soil, 
gravel, ash, etc.) rather than an engineered structure. "Uncovered" 
landfill is defined as a landfill or waste pile in which the wastes are 
exposed. 

The third digit of the site code refers to the nature of the waste 
managed in the unit. The code is an alphabetic code assigned as follows: 
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Q = solid/hazardous wastes= nonradioactive wastes 
R 2 radioactive waste= does not include chemical wastes 
M = mixed wastes 2 wastes with both chemical and radioactive 

components. 

Appendix D-2 presents a listing of the potential RCRA 3004(u) sites by 
Hanford Area. The sites in each area are sorted by the need for action 
code. 

3.2.3 Characterization Costing Strategy 

As described above, potential RCRA 3004(u) sites have been matched to 
one of the following four categories: 

o Verify no residual contamination 
o Verify no hazardous constituents 
o Verify no release 
o Characterize for remediation. 

In order to develop costs for the potential 3004(u) sites, the following 
strategy was applied: 

1. Segregate sites on the basis of the Hanford Area by hydrogeologic 
setting (nearby or shallow groundwater versus distant or deep 
groundwater). The distance to groundwater will impact the depths 
of groundwater monitoring wells or soil borings and thus, their 
costs, schedule time, and manpower requirements. 

2. Estimate the dimensions of a generalized Hanford unit for each of 
the 15 types of units identified (A-0). Sampling and remediation 
strategies can then be applied to these generalized units for 
costing purposes. 

3. Develop a sampling strategy for each of the four characterization 
categories. 

4. Estimate sampling and characterization costs. 
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The following sections address each of these steps in further detail. 

3.2.3.1 Classification by Hydrogeologic Setting 

The potential 3004(u) sites requiring action were sorted into two 
groundwater regions. Table 3-30 presents the sites located near shallow 
groundwater (average depth to groundwater, 40 feet) or deep groundwater 
(average depth to groundwater, 245 feet). Tables 3-31 and 3-32 summarize 
the number of each type of potential 3004(u) summarize the number of each 
type of potential 3004(u) site in each characterization category within each 
of the two hydrogeologic settings. 

At sites located in the region of shallow groundwater, it is assumed 
that liquid contaminants released on land infiltrated the sandy soil and 
were transported through the vadose zone to the aquifer. Once reaching the 
aquifer, groundwater flows towards the Columbia River transporting 
contaminants to the River. The shallow groundwater region is located 
nearest to the Columbia River and includes the 100 areas, 300 area, sections 
of the 600 area, the 700 area, and the 1100 area. 

At sites located in the region of deeper groundwater, it is assumed 
that, in general, contaminants precipitate or absorb to the soil particles 
in the upper ten to forty feet of the soil column. Additionally, in the 
deep groundwater region, a caliche layer and clay lenses exist which could 
promote lateral spread of contaminants. Vadose zone and groundwater plumes 
of contamination are expected. Sampling data for some sites have shown 
contaminants at 130 feet below surface as well as groundwater contamination . 
The depth required for soil and groundwater sampling are far greater for 
this area than the shallower areas, will require deeper sampling, and will 
have a greater cost. The deep groundwater region includes the 200 areas, 
the 400 areas, and some of the 600 area sites. 

The 600 area sites were divided into deep or shallow groundwater sites 
based on location. Appendix D-3 provides a listing of the 600 area sites by 
hydrogeologic setting. 
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TABLE 3-30 DISTRIBUTION OF WASTE UNIT TYPES IN AREAS WITH SHALLOW VERSUS DEEP GROUNDWATER 

SHALLOW DEEP 
UNIT TYPE (CODE) GROUNDWATER GROUNDWATER TOTAL 

AREA AREA 

Aboveground covered landfill (A) 1 0 1 

Abovegound uncovered landfill (8) 0 1 1 

Belowground covered landfill (C) 41 31 72 

Belowground uncovered landfill (D) 0 2 2 

Surface impoundments (includes large bottom 
percolation systems, ponds, trenches, etc) (E) 10 77 87 

Ditches (includes bottom/side dispersion 
systems) (F) 2 8 10 

w Underground dispersion systems (french 
I ...., drains, tile fields, cribs) (G) 54 76 130 

N 

Aboveground tank (H) 9 9 18 

Belowground tank (I) 20 98 118 

Spi 11 s (J) 5 8 13 

Underground vault (K) 1 8 9 

Burning Pit (L) 8 2 10 

Incinerator (H) 0 1 1 

Process Sewer (N) 1 1 2 

Other (0) 4 2 6 

TOTAL 156 327 480 



Unit 
Type 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

TOTAL 

TABLE 3-31 DEEP GROUNDWATER SITES* 

Verify No 
Residual 

Contamination 

13 

60 

2 

42 

3 

4 

3 

2 

1 

130 

Verify No 
Hazardous 

Constituents 

3 

1 

7 

3 

14 

Verify No 
Release 

1 

9 

1 

1 

4 

44 

1 

4 

1 

1 

67 

Characterize 
for Remediation 

6 

1 

16 

6 

26 

5 

51 

3 

1 

1 

116 

Total 

0 

1 

31 

2 

77 

8 

76 

9 

101 

8 

8 

2 

1 

1 

2 

327 

Includes the follow i ng Hanford Areas: 200 East, 200 West, 200 North, 400 
and 600 (some) 
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TABLE 3-32 SHALLOW GROUNDWATER SITES* 

Unit Verify No Verify No Verify No Characterize Total 
Type Residual Hazardous Release for Remediation 

Contamination Constituents 

A 1 1 

B 0 

C 10 3 27 1 41 

D 0 

E 1 1 1 7 10 

F 2 2 

G 25 21 8 54 

H 5 4 9 

I 2 4 6 8 20 

J 1 4 5 

K 1 1 

L 6 1 1 8 

M 

N I I 

0 1 3 4 

TOTAL 51 29 44 32 156 

*includes the following Hanford Areas: 100 8/C, 100 D/DR , 100 F, 100 H, 
100 KE/KW, 100 N, 300, 700, 1100, and 600 (somi) 
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3. 2.3.2 Generalized Hanford Units 

The next step in the characterization process was to develop a method 
to group all of the potential RCRA 3004(u) sites into a generic 
classification system based on the fifteen types of sites identified in 
Section 3.2.1. Providing a characterization and remediation cost for 
individual units was beyond the scope of this work. Therefore, generalized 
Hanford waste units were developed to represent the identified 3004(u) waste 
sites. 

For each of the 15 sites, a generalized unit was developed from the 
data provided for actual Hanford sites. Two methods of data analysis were 
used: (1) if the number of sites within a given type of site is less than 
20, then all sites were considered in the analysis; (2) if the type of site 
contains more than 20 sites, approximately only ten percent of the sites, 
chosen randomly among all areas of the Hanford Reservation, were considered 
in the analysis. 

The characteristics of the generalized Hanford unit, such as the 
dimensions of the structure, method of waste emplacement, average service 
life, etc., were developed on the basis of the selected units within that 
type of site. For example, the dimensions of the generalized surface 
impoundment are calculated as an average of the dimensions of the 
impoundments selected under a type "E" site. Descriptions of the 
generalized Hanford units developed for each type of site are provided in 
Appendix C. 

3. 2.3.3 Characterization Techniques and Unit Costs 

The methodologies used to characterize sites include reviewing 
historical data and documentation for the sites, waste unit sampling, soil 
sampling, and groundwater monitoring. These techniques have been selected 
as appropriate because these represent the basic characterization techniques 
used in the RCRA 3004(u) program and in RCRA closure and groundwater 
corrective action programs. 

Table 3-33 summarizes the type of characterization technique(s) 
selected for each different characterization activity. In most cases , the 
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TABLE 3-33 CHARACTERIZATION TECHNIQUES 

Characterization Techniques 

Sample 
Characterization File Waste Soil Groundwater 

Categories Search Unit Sampling Sampling 

Verify no residual X X 
contamination 

Verify no hazardous X X 
constituents 

Verify no release X X 

Characterize for X X X 
remediation 
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same series of techniques may apply to more than activity because the 
characterization issues are similar. In order to estimate costs for 
characterization, the techniques noted in Table 3-33 were applied to the 
four categories of characterization for each generalized Hanford unit (as 
appropriate). These form the basis of the characterization cost estimates. 

For all sites, the file review is recommended because it is an 
inexpensive method of obtaining data that can facilitate hazardous 
constituent release and residual contamination determinations. It may also 
assist in determining whether hazardous constituents are present without 
requiring sampling. This information also contributes to development of 
sampling and analysis plans and health and safety plans for field 
activities. 

Sampling the actual waste unit is recommended only to make 
determinations that no hazardous constituents are present. 

Soil sampling with a minimum number of four samples per site, is 
recommended for sites requiring characterization to verify no residual 
contamination, to verify no release, or to remediate. 

Groundwater monitoring using minimum well configurations of at least 
one upgradient and three downgradient wells is recommended only for sites 
that will be undergoing remediation. Soil sampling is adequate to make 
further decisions on sites designated as requiring verification. 

Table 3-34 presents an overview of the verification process based on 
the type verification sampling conducted. A site match into one of the 
categories (I, II, or III) identified in Table 3-34 as described above. The 
outcome of verification is to further refine the separation of sites into 
those that are not subject to RCRA 3004(u) that require no further action, 
or that require remediation. Sites identified as potentially requ1r1ng 
remediation will undergo an RI/FS process similar to that for CERCLA sites. 

The details of the characterization techniques and the basis for 
estimating the number of samples, borings, or wells for each generalized 
Hanford unit are described below. 
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TABLE 3-34 NEED FOR ACTION (VERIFICATION PROCESS) 

I . Verify no hazardous constituents are present 

A. If present, evaluate release potential and determine additional 
need for action 

B. If not present, site not subject to RCRA 30O4(u) 

II. Verify no release of hazardous constituents occurred 

A. Sampling program should include the following 
1. sampling to verify release of hazardous constituents 
2. sampling to determine levels of residual contamination 
3. evaluations of potential future release that may require 

additional investigation as part of this effort. 
B. If no contamination is found and there is no potential for future 

release, then no further action is required 
C. If no contamination is found and there is potential for future 

release, then remediation must be performed to prevent future 
release 

D. If contamination is found, then remediation must be performed to 
address residual contamination 

III. Verify no residual contamination remains from past/present releases or 
insufficiently documented cleanups 

A. Sampling program should include the following 
1. sampling to verify no residual contamination remains 
2. sampling to determine residual levels of contamination 
3. evaluations of potential future releases that may require 

additional investigation as part of this effort 
B. If no contamination found and there is no potential for future 

release, then no further action is required 
C. If no contamination is found and there is potential for future 

release , then remediation must be performed to prevent future 
release 

D. If contamination is found, then remediation must be performed to 
address residual contamination. 
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Evaluation of Existing Data 

Characterization of all sites first requires a review of the 
information available in incident reports, historical documentation, and 
other file materials to provide current sampling data, sampling and 
analytical records on decontamination or cleanup, engineering diagrams of 
waste flows, and waste constituents. Investigators compile the data to 
determine the adequacy of the data and documentation to support the 
development of remedial actions or to demonstrate the absence of a problem. 
This review may determine the need for additional environmental monitoring 
and would facilitate development of a sampling and analysis plan and a 
health and safety plan. 

Sampling plans need to be developed for the inactive waste sites 
designated for verification of no release, verification of no hazardous 
constituents, and verification of no residual contamination. These plans 
should be developed on a site-specific basis (or within a grouping) so that 
the media affected and the techniques employed are most appropriate to the 
site situation and configuration. The sampling plans should identify the 
purpose of the study, the media to be sampled, the sampling locations, · 
sampling and decontamination techniques, data management and sample chain of 
custody requirements, analytical parameters selected and health and safety 
requirements. The sampling programs should be geared towards documenting 
that there is no problem. If contamination problems are encountered, then 
the site will need to be re-evaluated for further action. 

Similar sampling and analysis plans would be developed for sites being 
characterized for remediation. However, the focus of these plans would be 
in determining the nature and extent of contamination and to obtain data 
needed for a feasibility study. 

For the purpose of developing characterization costs, this technique is 
assumed to cost ten percent of the total characterization cost to a maximum 
of $100,000. The costs associated with developing remediation activities 
are not included in this cost. 
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Waste Unit Sampling 

Sampling the actual waste unit is recommended only to make 
determinations that no hazardous constituents are present. The cost of 
sampling the waste unit is assumed to result from analysis of three samples 
for constituents from the full RCRA 40 CFR 261 Appendix VIII or IX scan. For 
most units, this technique requires sampling and analysis of residual waste; 
however, for incinerators, since sludge is not present, the sample is a wipe 
from the incinerator facility and the sample frequency is increased to ten 
samples. 

The cost of sampling the waste unit is estimated a $7,000 per sample. 
However, for underground units where drilling and soil removal is necessary 
to sample the site, the cost is increased to $8,700 per sample to cover the cost of 
drilling down to the the wastes. The increased cost results from the cost 
of drilling to a depth of 20 feet from the surface at an average cost of $85 
per foot of drilling to extract a sample. The only units for which the 
$8,700 per sample cost applies are underground landfills. 

Groundwater Monitoring 

Groundwater monitoring wells are used to characterize groundwater 
quality, determine the absence of contamination, and, where necessary, the 
extent of contamination. 

For this characterization strategy, wells are considered to be placed 
in a configuration that includes one upgradient well and three downgradient 
wells per site. This is based on the RCRA Groundwater Monitoring Technical 
Enforcement Guidance Document and the requirements of 40 CFR 264.90, as well 
as Washington State regulations WAC173-304-490 and 173-160. Well spacing is 
estimated at 150 feet between wells based on the EPA guidance for RCRA 
groundwater monitoring. The actual configuration of wells onsite may vary 
from this general configuration because sites which are adjacent to one 
another may need to be considered as one larger site for ~ite 
characterization. Site size (small, large) will also affect the actual 
spacing. 
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Groundwater monitoring using minimum well configurations of at least 
one upgradient and three downgradient wells is recommended only for sites 
requiring characterization for remediation . 

In order to develop costs for characterization, each type of site was 
be assumed to have a one upgradient and three downgradient wells spaced at 
150 feet. Based on this, it is assumed that the numbers of wells should be 
increased if the longest dimension of the unit is greater than 400 feet. 
The following formula was used to determine the numbers of downgradient 
wells for generalized Hanford units with a length or width dimension greater 

1 , than 400 feet: 

I ' 

length of largest side + 1 
150 ft 

The number of upgradient wells are calculated as 1/3 the number of 
downgradient wells. It is also assumed that the direction of groundwater 
flow is through the shortest dimension of the site (i.e., the longest side 
is oriented perpendicular to groundwater flow). 

In order to determine the costs associated with groundwater monitoring, 
it was assumed that one groundwater sample was collected from each well at a 
cost of approximately $7,100 per sample. The monitoring wells were assumed 
to be installed ten feet into the aquifer resulting in well installation 
depths of 50 feet (shallow groundwater areas) and 255 feet (deep groundwater 
areas). The costs for monitoring well installation are presented in Section 
2. When adding this cost to the cost of sampling, a total cost (rounded) of 
$12,200 for shallow areas and $33,200 for deep groundwater areas was 
obtained and used for calculating the costs of groundwater monitoring. 

Exceptions to the above strategy for site characterization occur for 
several generalized Hanford units. For incinerators and aboveground tanks 
(site type Mand H) which required characterization for remediation, 
groundwater monitoring was not applied because contamination is expected to 
remain in the enclosed building housing the tank or in soil and not reach 
the groundwater. The same strategy was applied to the process sewers (N) 
and the units categorized as "other" (0, primarily wastewater pumping 
stations), because these units are expected to consist of pipes in buried 
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units or trenches which do not have as high potential for liquid waste 
releases to groundwater as to soil. Additionally, groundwater wells spaced 
at 150-foot intervals around such a large site would be excessively 
expensive while providing proportionately little additional data . Soil 
borings were used to replace soil samples from the monitoring wells for 
process sewers (N), aboveground tanks (4), and other units (0). For the 
exceptions listed above, the characterization costs were adjusted 
accordingly. 

Soil Sampling 

Soil sampling, where soil borings are collected at least on each of the 
four sides of the site, is recommended for sites requiring characterization 
to verify no residual contamination, to verify for no release, or 
characterize for remediation. 

For sites identified for remediation, soil core monitoring or soil 
sampling during monitoring well installation will be used to determine 
whether contamination is present in the uppermost soil column onsite, or to 
determine if contaminants remained onsite or have been released. The 
constituents to be monitored include the full scan of RCRA 40 CFR 261 
Appendix VIII or IX constituents. 

Soil samples collected during groundwater monitoring well installation, 
in the deep groundwater areas, are collected at five-foot intervals to a 
depth of 255 feet, which is ten feet below the groundwater table. Samples 
in the shallow groundwater areas are collected at two-foot intervals during 
monitoring well installation. Soil samples collected from monitoring wells 
include 28 samples from shallow wells and 56 samples from deep wells. The 
unit costs of soil sample analysis during groundwater monitoring well 
construction are $7,000 per sample. These costs are based on the sampling 
cost data provided in Section 2. 
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Soil borings in areas where groundwater monitoring wells are not 
included in site characterization are placed according to the length of the 
perimeter of the unit, as follows: 

o Up to 500 feet, every 50 feet on each side 
o Greater than 500 feet, every 100 feet on each side. 

In the shallow groundwater areas, soil boring samples are collected 
every two feet to a depth of 30 feet. In the deep groundwater areas where 
liquid wastes are disposed, samples are collected every two feet to a depth of 
100 feet and for dry waste sites every two feet to a depth of 50 feet. The 
sites which are considered "liquid" sites are those where a substantial 
amount of liquid was placed over the life of the unit and include: surface 
impoundments, ditches, and underground dispersion systems. Spills were not 
included as liquid sites. 

In addition to the samples specified above, an increase in the sample 
numbers by ten percent was applied for all soil samples in order to account 
for duplicates and spikes for the analysis. Therefore, for soil borings in 

·the shallow area, 17 samples are collected per boring. From soil borings in 
the deep groundwater area at units which contained liquid waste, 55 samples 
are collected per boring; in non-liquid units, 28 samples were collected 
per boring. 

The cost of obtaining and analyzing samples from soil borings is 
approximately $7,100 per sample (refer to Section 2 for development of these 
costs). 

The following exceptions to the above-described monitoring strategy 
were identified applied: 

o For ditches (F units), the number of borings to be completed to 
verify for no release and verify for no residual contamination for 
the generic site was decreased because of the large size of the 
generalized Hanford (over 2,000 feet). This would require 82 
borings under the strategy presented above. The unit is not very 
wide, so it was determined that half as many borings would provide 
adequate data. A strategy of alternating sampling locations over 
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100-foot intervals on either side of the site was chosen for an 
overall interval of 200-foot spacing between borings. 
on each end of the ditch was also included. 

One boring 

o For verifying no release in aboveground tanks (H), the soil 
samples are to be taken at two-foot intervals to a depth of 6 feet 
in each boring. 

o For the "other" category (0), soil sampling was determined to be 
needed only to a depth of 30 feet in the shallow and deep 
groundwater areas because the potential for liquid release is low. 

o Soil monitoring at the incinerators (M) to verify no release will 
be replaced by collecting ten wipe samples of the incinerator. 

o For characterizing process sewers (N) for remediation, soil 
sampling was applied to a depth of 30 feet at two-foot intervals 
instead of using monitoring wells. 

o For spills (J), a soil sampling depth of 20 feet was determined to 
be adequate to characterize for no release and no residual 
contamination. 

For each of the above-listed bullets the characterization cost estimate 
has been adjusted accordingly. 

Other Methods 

Other methods of site characterization are applicable to the waste 
management units on a case-by-case basis, but it is beyond the scope of this 
project to apply these methods to the generic sites in calculating the costs 
for characterization in this section. Other potentially applicable site 
characterization methods include test pit excavation for direct observations 
of subsurface conditions; piezometer installation and monitoring; soil gas 
sampling and analysis; grab sampling of air, wastes, surface soils, surface 
water and/or sediments; remote sensing; aquifer tests; modeling; aerial 
photography; long-term groundwater monitoring; and infrared imagery for 
identifying areas of vegetative stress or contamination. 
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3.2.4 . Summary of Characterization Costs 

The process for estimating the characterization and remediation cost 
for the 3004(u) sites consists of the following steps: 

(1) For each waste site type, develop a generic waste unit description 
and dimensions (entitled "generalized Hanford unit) . . 

(2) Identify the number of units associated with each generalized 
Hanford unit. 

(3) Apply the generic characterization strategy methodology to each 
generalized Hanford unit. 

(4) Apply the unit costs to all sites each generalized Hanford unit 
with each characterization category, and obtain an estimated total 
cost for all sites. 

For each Hanford area, the number of waste units within each type of 
waste site are counted and the results were listed earlier in Table 3-30. A 
detailed description of the generalized Hanford units and the numbers of 
samples required under the characterization strategy are presented in 
Appendix C. 

Tables 3-35 and 3-36 present the estimated costs for characterization 
of the RCRA 3004(u) sites. Table 3-35 presents the costs for sites located 
in shallow groundwater areas while Table 3-36 presents the costs for sites 
located in the deep groundwater areas. The costs are developed based on the 
type of characterization anticipated (verify no residual contamination, 
verify no hazardous constituents, verify no release, or remediation). The 
characterization cost for the shallow groundwater area sites $166 million. 
The characterization cost for the deep groundwater area sites is $1.07 
billion. The total characterization cost for the RCRA 3004(u) sites is 
$1.24 billion on an individual site basis. Reductions in these costs 
through site groupings are addressed in Section 4. 
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TABLE 3-35 CHARACTERIZATION COSTS FOR SHALLOW GROUNDWATER AREAS 

SIW.Ull NIU,, O'IWCTERIZATl<JI CDilS 

---------------- ------·---------------------------------·---------- ---------------------------------------------
V!IUFY RJI IO IWNDl.6 CDISTl1WITS VERIFY RJI IO RfJ..f"5[ VElllfl RJI IO RESIWII. COITNU~Tl<JI OMICTERIZ£ flR AOIDIATl<JI 

----------·------·---·---------------
Strotegy Strategy Strategy Strategy 

It), ,~,Waste Coot It>. I~ I Cost It>. I~ I Cost It>. I~ I Cast Taul 
of Pl- ltn. I.hit Per Sita Total of Pl- ltn. Soll Par Site Taul of Pl.,.. ltn. Soll Par Site Taul of Pl.,.. ltn. Soll Per Site C:O.t 

um TYPE Sita nh~ 11111 S...,llru [$) cast [$) Sita nlru Well S...,llng [$) Cast [$) Sita nlng 11111 S...,llng ($) Cast ($) Sita nlng 11111 Sa'l)llng ($) ($) 

A. ~ <DIOlfD 0 0 0 0 0 0 47,396 0 Ei8 521,356 521,356 0 0 0 0 0 0 0 0 0 0 0 
l.NCflU 

8. AIIMJm.Nl llmlEIIED 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
l.NCflU 

C. 8ELQGD.Nl <DIOlfD 3 2,800 0 28,900 116,700 27 100,000 0 340 2,4ti8,800 66,£,84 ,600 10 100,000 0 340 2,469,800 24,fil8,000 I 79,720 112 888,120 888,120 
l.NCflU 

o. J!EUMiW() llmlEIIED 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
l.NCflU 

E. SI.Rf.ta llfWOEIT 2,800 0 28,900 28,900 1 100,000 0 238 1,758,1160 1,758,1160 1 100,000 0 238 1,758,1160 1,758,1160 7 100,000 112 !lal,400 6,358,800 

F. OITOi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100,000 20 560 4,142,000 8,284 ,000 

6. llWGWCl OJSl'£RSl<JI 21 2,800 0 3 28,900 ~.900 0 0 0 0 0 0 25 47,396 0 Ei8 521,356 13,0.13,900 8 100,000 112 !lal,400 7,267 ,200 
S\'Sl"Ell 

w 
I H. AIIMJm.Nl TN« 0 0 0 0 0 0 4 11,150 0 16 122,670 490,680 11 , 150 0 16 122,670 613,350 0 0 0 0 0 0 

C'.) 
0) 1-1.llWGWCJTN« 2,100 0 23,100 92,400 6 47 ,396 0 Ei8 521.356 3,128,136 47,396 0 Ei8 521,356 1.042, 712 8 100,000 112 !lal,400 7,267,200 

J . SPJU.S 0 0 0 0 0 0 0 0 0 0 0 0 47,396 0 Ei8 521 ,356 521.356 100,000 112 !lal,400 3,633,600 

K. llWGWCl VAU.T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 79,720 112 888, 120 688,120 

L. 1UfjJJ6 PIT 0 0 0 0 0 47,396 0 Ei8 521.356 521,356 6 47,396 0 Ei8 521.356 3,128, 136 I 79,720 112 688,120 688,120 

M. JICJNERAllR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

N. PRUSSS&ER 0 0 0 0 0 0 100,000 0 714 5,076,500 5,076,500 0 0 0 0 0 0 0 0 0 0 0 

0 . Oll£R 0 0 0 0 0 0 3 47,396 0 Ei8 521,356 1.564,068 1 47,396 0 Ei8 521.356 521,356 0 0 0 0 0 0 

-----------------·--·-----------------------------------------------·----------·---------------·--·---·----·-------------------------------------·- ---------------·-·------------------------------- ---------
""TOTAi. ~ 814,900 84,485,236 45,317,670 35,415. 160 
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3.3 REMEDIATION STRATEGY 

The process and criteria used to select a remedial alternative for a 
3004(u) site is essentially the same as that for a CERCLA site. Under 
current EPA policy and guidance, a SWMU requiring corrective action will 
undergo an RI/FS process. The basic difference in the selection process 
involves the cleanup criteria and cost. 

Under SARA, CERCLA site cleanups must comply with ARARs. The RCRA 
program does not have this requirement. Therefore, RCRA actions at this 
time must be consistent with the RCRA cleanup standards under the closure 
standard, groundwater corrective action, and land disposal prohibitions . 
The closure standard requires that a site be cleaned up to background 
concentrations or closed in compliance with the closure and post-closure 
requirements for a RCRA landfill. Groundwater corrective action requires 
cleanup to background concentrations or generic drinking water standards 
(such as MCLs) applicable to all facilities. Health-based standards 
specific to the situation (alternate concentration limits or ACLs) may be 
proposed for site closure or groundwater corrective action . The land 
disposal prohibitions require that wastes to be disposed into "land" units 
(such as a new landfill constructed as part of a remedial action) must meet 
certain concentration limits or disposal is not allowed. 

As the RCRA program currently stands, cleanup to background 
concentrations is the established requirement with which corrective actions 
must be consistent. Allowances are made to pursue other standards (MCLs and 
ACLs, as identified above) as an alternative, but this would be made on a 
case-by-case basis through submission of data and negotiation with the State 
of Washington and EPA Region X. 

It should be noted that one approach under consideration in 
promulgating the RCRA corrective action regulations is for EPA to establish 
health-based cleanup target levels in each medium. The draft regulations 
are currently being prepared and EPA's commitment to this alternative is not 
yet established. 

Another area of difference between RCRA 3004(u) and CERCLA cleanups is 
that cost is not a factor in selecting remediation at 3004(u) sites . All 
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other factors identified in Section 2 regarding the cost-effectiveness 
evaluation would still appl1 . 

Section 3.3.1 provides an overview of the remediation strategy. 
Section 3.3.2 discusses the in-place remediation techniques identified for 
the inactive sites. The technologies selected and the basis for the 
selection are also identified. Section 3.3.3 discusses the exhumation 
alternative and the assumptions made regarding the applicability and 
implementation of the technique to the Hanford sites. Section 3.3.4 
presents the unit costs associated with each remediation technique and 
activity. Section 3.3.5 presents a summary of the potential remediation 
costs for the RCRA 3004(u) sites. 

3.3.1 Overview of the Remediation Strategy 

The remediation strategy has been developed based on identification of 
remediation techniques suitable to the types of sites identified in the 
characterization effort as potentially requiring remediation. The Statement 
of Work for this project required that exhumation be considered in all cases 
and that one applicable in-place remediation technique be selected for each 
type of unit. Together, these two techniques, on a site-by-site 
basis, are assumed to provide the range of effort and cost required to 
address site problems. 

Approximately 70 remediation techniques are available to remediate RCRA 
3004(u) sites. These are listed in Appendix A. Of these, fifteen were 
selected as potentially applicable techniques at Hanford for the purposes of 
developing budgetary estimates. To identify the potential remediation 
techniques to be applied to the generalized Hanford units, a broad 
engineering analysis was performed which included review of available 
remediation techniques by SAIC engineers and geologists. The criteria for 
selecting potentially applicable remediation techniques included cost, 
manpower requirements, equipment requirements, and release/dispersal effects 
in the local hydrogeologic settings. The remedial technique or combination 
of techniques that will actually be implemented will depend on the results 
of an engineering feasibility study ultimately conducted for each site. 
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3.3.2 Selection of In-Place Remediation Techniques 

In-place remediation techniques are defined in this report to include 
remedial actions that generally do not require the removal of the waste and 
contaminated soil from the unit. Instead, application of these techniques 
will remove contaminants or immobilize the contaminants within the local 
area surrounding the unit. 

Of the 15 generalized Hanford units, only 11 have been identified as 
potentially requiring remediation: belowground landfill (covered, 
uncovered), surface impoundments, ditches, underground dispersion systems, 
aboveground tanks, belowground tanks, spills, underground vaults, burning 
pit, and process sewer. A review of the available information concerning 
remedial techniques for such waste sites indicates that eight techniques are 
generally applicable to these units: 

o Soil flushing 
o Soil treatment 
o Grout-in-place 
o In-situ vitrification 
o Cap/cover 
o Subsurface barriers 
o Groundwater pumping and treatment 
o In-place decontamination. 

Each of these techniques is explained briefly in Appendix B. It should be 
noted that on a site-specific basis these techniques may or may not be the 
preferred remediation technique. In general, the final remediation 
technique is selected through a feasibility study and often involves 
multiple technologies. The technologies identified above are anticipated to 
be appropriate for the type and number of units considered in this analysis. 

For the RCRA 3004(u) sites, one in-place remedial technique for each 
type of generalized Hanford unit identified in Section 3.2 was selected 
according to the following steps. The first step for each type of waste 
unit is to review all of the potential in-place remedial actions described 
above, and generate a preliminary set of techniques that appear to be 
applicable for the remediation of that unit. The second step is to select 
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the most appropriate remedial action for the unit from the preliminary set 
of remediation techniques. The results of this exercise are presented in 
Table 3-37 and the basis for selecting each remediation technique is 
described below. The selection process focused on techniques that could 
permanently resolve contamination problems to be consistent with current 
RCRA program strategy. 

In general, for waste disposal unit 
(ditches), and G (underground dispersion 
waste, groundwater pumping and treatment 
remediation technique for this analysis. 
following assumptions: (1) most, if not 

types E (surface impoundments), 
systems) that received liquid 
is selected as the in-place 
This selection is based on the 

all, of the wastes disposed of 

F 

have 
reached the groundwater, and (2) wastes still in the vadose zone have 
sufficient liquid present to permit pumping. Other in-place treatment 
techniques such as soil treatment, capping/covering, etc., may effectively 
control the migration of any remaining contaminants in at least part of the 
soil column beneath the unit. However, the contamination to the groundwater 
still remains untreated. Only soil flushing appears to one of the 
techniques that may be applicable to contaminants in the soil column. A 
disadvantage of soil flushing is that effective containment and collection 
of the elutriate is difficult. In soil flushing, the potential 
for mobilizing some contaminants and allowing others to remain in place 
exists. 

Based on the above considerations, groundwater pumping and treating is 
generally considered to be the most appropriate method for removing the 
contamination from the groundwater for the purposes of this analysis. It is 
further assumed that any contaminants that remain in the unsaturated region 
and cannot be pumped out will remain absorbed the soil, and will not migrate 
to groundwater. 

In practice, groundwater recovery and treatment is not generally 
conducted alone. It is often more appropriate to consider additional in
place techniques such as capping/covering sealing and partial excavation to 
complete the remedial action for these sites. Also, it should be noted that 
selection of one remediation technique for a general type of problem 
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TABLE 3-37 POTENTIAL IN-SITU .REMEDIAL ACTIONS FOR WASTE UNITS 

POTENTIAL IN-SITU REMEDIAL ACTIONS 
·- ---- ---------------- ---- -------- -- ---- --- -- ----- ----- ------ ---------------- ----- · . . 

Type of 
\Jaste Units 

Soil Soil Grout-in- In-situ 
Place Vitrif . 

Cap/ Subsurface Grd \Jtr Recovery In-place : 
: Flushing Treatm. 

C (Belowground 
Covered Landfill) : 

D (Belowground Un -
Covered Landfill): 

E (Surface Impound-
ments) 

F (Ditches) 
G (Underground De-

pression Systems) : 

H (Aboveground 
Tanks) 

1-1 (Underground 
Tanks) 

1-2 (Underground 
Diversion 
Boxes) 

X 

X 

Cover Barrier 

X X X X 

X X X X 

X 

X 

X 

1Techni cal imp l e~enta tion and chemical compatibility concerns mu s t be 
add ressed before these ac tions can be t aken . They are the t echniques whi ch 
were cons idered to be potentia ll y app l icabl e. 

& Treatment 

X 

Decent . : Conments 

X 

:Grout-in-place or encapsulation with grout 
: is chosen to contain and immobilize the waste 
:within the unit . 

:Ground Water Recovery and Treatment is chosen 
:as the technique for removing contaminants that 
:have migrated to the groundwater or any 
:materials that can be flushed from the vadose zone 
: (Conment l) . 

: In-place decontamination by draining the tank and 
:rinsing with appropriate solvent . Sludge will be 
: removed using hi-pressure water injection system . 
: In some cases, this technique may not work, thus, 
:grout - in-place should be used . 

:Grout - in -place by injecting grout into 
:the tank and the surrounding soil to contain and 
:inmobilize contaminants . 

:Grout-in-place or encapsulation of unit 
:using grout to contain waste within unit. 
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TABLE 3-37 POTENTIAL IN-SITU REMEDIAL ACTIONS FOR WASTE UNITS (continued) 

POTENTIAL IN-SITU REMEDIAL ACTIONS 

Type of 
Waste Units 

Soil Soil Grout - in- In-situ Cap/ Subsurface Grd Wtr Recovery In-place : 
:Flushing Treatm . Place Vitrif . Cover Barrier & Treatment Decent . : COl!lllents 

J (Spills) 

K (Underground 
Vault) 

L (Burning Pit) 

N (Process Sewer) 

X 

X 

X X 

X X X 

X X X 

1Technical implementation and chemical compatibility concerns must be 
addressed before these actions can be taken . They are the techniques which 
were cons idered to be potentially applicable . 

X 

X 

X 

X X 

:Grout-in-place is recOlllllended to inmobilize 
:the contamination in subsurface soil . Ground water 
: recovery and treatment is also suggested if the con
:tamination reaches groundwater table . 

:Grout-in-place such as encapsulation of 
:unit in grout is recOlllllended for this type of 
: waste unit. 

:Grout-in-place is selected to immobilize 
: the waste within the unit. 

:Grout - in-place is recOlllllended to stabilize 
: the unit . 
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overlooks site-specific selection of a remediation technique. For example, 
not all liquid waste disposal units have contaminated groundwater. Some 
units that are located in a shallow groundwater region .and near the bank of 
the Columbia River may have contaminated the local groundwater at one time 
in the past; however, the groundwater may have been flushed many times so 
that only traces of contamination remain. In this case, other in-situ 
remedial actions or no action may be chosen to deal with potential 
remobilization of the contaminants that remain bound to the soil beneath the 
units. 

For the generalized Hanford units including burial grounds (C/0), 
process sewers (N), burning pits (L), and ditches (F), grout-in-place and 
encapsulation are considered to be the most appropriate alternatives for 
this analysis. Other applicable treatment techniques include in-situ 
vitrification, capping/covering, and subsurface barriers. In-situ 
vitrification is still a developmental technique with many economic and 
applicability limitations. Capping/covering would limit the potential for 
exposing the waste; however, it would not prevent migration of contaminants 
from the unit due to any interactions with active liquid waste disposal 
units located nearby. Finally, subsurface barriers may not be applicable to 
control contaminated groundwater for units that are located in deep 
groundwater areas such as the 200 areas where the water table is more than 
200 feet below ground surface or where subsurface migration is found 
unlikely. 

For generalized Hanford units C and D (belowground covered and 
uncovered landfills), it is recommended that in-situ encapsulation be used 
as the remediation technique rather than grout-in-place, since the amount 
of solidifier and cost required for the latter technique can become 
exorbitant while the benefit is nominally the same as the in-situ 
encapsulation method. Encapsulation refers to injecting a "liner" or 
"barrier" of grout below and around the unit, thus creating a containment 
structure. 

It is assumed that most diversion boxes (type 1-2), weir boxes (type 
K). and underground vaults (type K) are empty. If there was any leakage 
from the units, it would be confined to the surrounding soil. Since the 
contamination is primarily contained within the unit, it is most appropriate 
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to consider grout-in-place or encapsulation of the unit for this analysis. 
The grouted unit can remain buried in the ground with little possibility of 
releasing contaminants to the soil. 

For spills (type J), it is assumed that the released contamination did 
not spread vertically and laterally to a great extent from the original 
site. Grouting-in-place was selected to remediate this type of waste site. 
Groundwater recovery and treatment is applicable, if the contamination 
reaches the groundwater table. In-situ vitrification is also applicable , 
however, the technology is still new and the cost could be too high for such 
a site. Cap/covers and subsurface barriers would have limited impact on the 
site due to climatic and geological site characteristics. 

For underground tanks (type I-1), the most practical choice of the in
place remediation techniques is grout-in-place. For aboveground tanks (type 
H), in-place decontamination can be used as the in-place remediation 
technique . It should be noted that in cases where removal of the remaining 
waste is not possible, grout-in-place should be used as an alternative . 

Waste unit types A (aboveground covered landfill), B (aboveground 
uncovered landfill), M (incinerators), and O (other) are not recommended for 
remediation, based on their match to the four characterization categories 
(verify no release, verify no residual contamination, verify no hazardous 
constituents or characertize for remediation) in Section 3.2. Therefore, no 
remedial alternative is suggested for these units. 

3.3 .3 Exhumation 

One commonly used option for cleaning up a waste site is to exhume the 
waste material, treat it, and dispose of it at a permitted RCRA or Dangerous 
Waste disposal site. Depending on the extent of the contamination at the 
site and the exhumation effort, application of this technique can lead to 
virtually complete removal of the contamination from the site. The 
statement of work for this project required that exhumation be considered 
along with in-place remediation. 

The exhumation technique consists of excavating, removing, treating, 
and disposing of the waste and the contaminated soil . Prior to excavating 
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the site, site planning needs to be performed . During this phase, all 
engineering and survey work is conducted to establish the basis for the 
actual excavation. During the planning phase, a staff which includes 
engineers, surveyors, draftpersons, geologists, health and safety officers, 
and secretaries, will be needed. 

Excavation of contaminated soil and structures requires heavy 
construction or mining equipment. The excavated soil then must be drummed 
prior to disposal. Containment of the wastes, decontamination of containers 
prior to disposal, and transport of the waste containers by truck will also 
be required to control radionuclides. Removal and transportation of the 
contaminated material from the site will rely on flat-bed trucks. Disposal 
of the waste is assumed to be onsite at a ermitted and control -- ---
disposal site. Excavated waste material that does not meet the constituent 
concentration limitations under the EPA and State regulations ("land 
disposal ban") cannot be disposed of without pretreatment prior to disposal. 
A more detailed description of the exhumation technique is presented in 
Appendix A of this report. 

Exhumation can be applied to remediate most of the waste units 
identified at the Hanford site. However, exhumation ·alone may not 
completely remove all of the contamination. Special equipment may be 
required for deep excavations, but some contamination may be so deep or so 
hazardous that excavation is neither practical nor feasible. In selecting 
the actual remedial alternative for a specific site, a combination of 
excavation and in-place remediation is most likely. Such decisions reflect 
a case-by-case analysis beyond the scope of this study. 

3.3.3.1 Excavation Estimate 

The amount of soil to be excavated is dependent on the extent of the 
contamination in the sub-surface soil. For liquid waste sites, the lateral 
migration mainly appears to be caused by the occurrence of clay lenses at 
depths of 30 to 50 feet under many sites. A review of the Waste Management 
Operations Report, Volume 2 (Rockwell International Energy Systems Group, 
1979) indicates that for CERCLA Site 216-S-1&2, the lateral contamination 
extends on the average to about 115 feet on each side of the site. The 
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lateral migration of the contaminants from a liquid waste unit can be 
calculated using the following equation : 

V = (L + 230ft + D) x (W + 230ft + D) x D 

where: V = Volume of excavated soil (ft3) 
L = Length of the unit (ft) 
W = Width of the unit (ft) 
D = Depth of excavation (ft) 

(Eq. 1) 

The maximum depth of excavation is limited to 60 feet below surface since 
the excavation costs assume no shoring nor utilization of special deep 
excavation equipment. 

For dry waste sites, it is assumed that the contaminants do not migrate 
far from the site because there is not enough precipitation to mobilize the 
contaminants from the waste unit . It is necessary to modify the above 
formula before it can be applied to these sites. The modification is to use 
a factor of 1.5 times the dimensions of the s i te (length and width only) 
instead of a multiplier of three because the factor of three produced an 
excavation area for the landfills may be several hundred feet for a one 
hundred-foot wide unit . This appeared unreasonable given the sandy soil 
conditions where contaminants are generally transported downward to a 
greater extent than laterally. Also, it was also determined that reasonable 
excavation depth would be conservatively limited to 20 feet beneath the 
bottom of the waste site, even though the contaminants may not have reached 
that depth. The following equation may be used: 

V = [(1 . 5 x L) + 0] x [(1.5 x W) + D] x D (Eq. 2) 

Equation 2 is assumed to be applicable for most units with small to 
average size, where the length does not exceed two times the width. For 
units that have an elongated shape such as ditches of more than 1000 feet 
long but only five to ten feet wide, it is not practical to assume 
significantly greater migration along the longest dimension. Contamination 
is anticipated to occur in a more elliptical fashion around such a unit. 
Thus, to accommodate such a unit structure , equation 2 is modified as 
follows . With regard to the width of the unit , the lateral extent of the 
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migration still remains at 1.5 times the width . However , for the length of 
the unit, this lateral migration is assumed to be also 1.5 times the width 
as shown in Equation 3: 

V = [(1 . 5 x W) + L + D] x [(1.5 x W) + D] x D (Eq. 3) 

The above formulas were used to develop cost estimates to excavate all 
sites that were determined to potentially require remediation. However, it should 
be noted that these equations were developed based on limited data and 
information on the sites. Cost estimates for actual remediation will draw 
on a more extensive assessment of the extent of the site contamination. 

3.3.3.2 Limitations and Applications 

Engineering and health and safety limitations exist that should be 
considered prior to selecting excavation as a remedial technique. First, it 
is necessary to establish a working excavation depth for the remediation 
sites . In some areas of the Hanford site, the water table is located at 
more than 200 feet from the surface (200 Areas). If all liquid waste 
disposed of reached groundwater, then the soil column beneath the waste unit 
is contaminated and requires remediation . In the cases where the sites are 
located in an area with a deep water table, the depth of the excavation can 
exceed 200 feet below ground surface. Although it is possible to excavate 
to this depth, the cost can become exorbitant due to special modification to 
equipment, additional requirements for support such as shoring, and 
potential production rate reduction (USEPA, 1985). Thus, to use 
conventional heavy construction equipment such as backhoes, dozers, and 
loaders, a maximum optimal excavation depth of 60 feet was chosen as the 
basis for the exhumation technique (USEPA, 1985) . 

A review of the location of the potential RCRA 3004(u) sites indicated 
that the majority of these units are buried or "operated" within 30 feet 
below ground level. In addition, an examination of the contamination 
profiles in the soil column beneath sites such as cribs, it appears that the 
contamination is more or less concentrated within the next 20 feet of the 
soil column beneath the unit . If this assumption stands for all waste 
units, then excavation to 60 feet below ground surface would at least exhume 
the soil region where the contamination is most concentrated. Although site 
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interaction in the subsurface is known to occur, in order to estimate 
excavation volumes it was necessary to assume that there is no interaction 
from other units located in the proximity of the excavated site and 
therefore any contaminants remaining in the soil below the 60-foot depth 
from the ground surface may be considered immobilized. In actual selection 
of remediation strategies it is recommended that additional remediation 
techniques such as groundwater recovery and treatment be considered in 
conjunction with exhumation to remove any contaminants that have reached the 
groundwater or may remain in mobile form in the unsaturated zone. 

Second, a one to one slope is assumed to be used for the excavation. 
For excavation to a depth of 60 feet, such a slope will generally not 
require shoring. 

Third, exhumation of large buried structures such as cement or asphalt
lined, contaminated retention basins requires additional work to break the 
structures into manageable size for packaging and hauling and to create 
areas suitable for excavation. In such cases, the cost for excavation is 
increased by at least 20 percent. 

Fourth, it is questionable whether or not exhumation is an appropriate 
technique for remediation of large underground tanks that still contain 
highly radioactive residues. Direct exposure to the residues could pose a 
potentially high threat to the health and safety of the workers . This 
technique has therefore not been presented as a remediation technique for 
the tank farms. 

Fifth, disposal of excavated soil or the residues from treatment or 
the soil could become a major issue requiring resolution. Normally, the 
excavated or treated contaminated soil can be packaged and disposed of 
offsite in a permitted land disposal site. However, if exhumation is 
required for the majority of the identified sites at Hanford, offsite 
disposal may not be feasible due to the amount of contaminated soil to be 
disposed. Neither offsite nor onsite capacity is sufficient to accommodate 
the volumes of mixed waste anticipated to be generated from exhumation of 
the waste sites. As a result, an engineered and approved land disposal site 
may need to be constructed onsite to accommodate the disposal of all 
excavated material. 
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3.3.4 Estimated Remediation Costs 

This section discusses the methodology for estimating the costs 
associated with the exhumation or in-place remediation of each of the 
generalized Hanford units defined in Section 3.2. 

3.3.4.1 Methodology for Cost Evaluation 

The process for estimating the remediation costs for the potential 
3004(u) sites consists of the following steps: 

(I) For each waste site type, develop a generic waste unit description 
and dimensions (entitled "generalized Hanford unit"). 

(2) Identify the number of units associated with each generalized 
Hanford unit designated for remediation. 

(3) Apply the generic remediation strategy methodology to each 
generalized Hanford unit. 

(4) Apply the unit remediation costs for each generalized Hanford unit 
and obtain an estimated total cost for all sites. 

Steps 1 through 2 have already been developed and were described in 
Section 3.2. In Step 3 of the above process, all engineering estimates of 
the volume of waste to be treated or excavated are calculated for each 
generalized Hanford unit. The calculations and bases for these estimates 
are incorporated in the unit descriptions provided in Appendix C of this 
report. The development of generic remediation cost requires unit costs 
associated with each of the suggested remedial actions. These unit costs 
are presented in detail in Appendix A of this report. 

3.3.4.2 Remediation Cost Estimates 

The process for estimating the remediation costs for the RCRA 3004(u) 
sites consists of estimating the cost associated with each generalized 
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Hanford unit as described earlier, and applying that cost to the number of 
units requiring remediation for that generalized unit. 

For each unit that requires remediation, the following three elements 
are considered in the estimate for the total cost: 

o Feasibility study, engineering, and construction management costs 
o Remedial action (or cleanup) cost 
o Post remedial action cost, or monitoring cost. 

Although site characterization is a required activity prior to the 
actual remedial action, it is not being considered as part of the total cost 
for the site remediation. Instead, it is being analyzed under the general 
topic of site characterization. In general, all units that were identified 
as potential sources of hazardous constituent release to the environment 
required some sort of site characterization, even for those that were 
recommended for remediation, to determine the extent of the contamination. 
The strategies and costs associated with the site characterization were 
described in Section 3.2. 

Feasibility Study, Engineering, and Construction Management Cost 

The cost associated with this study phase of the remedial action is 
comprised of two cost elements: (a) feasibility study cost, and (b) 
engineering and construction management cost. 

For a feasibility study (FS), there is a minimum amount of work that 
needs to be performed, such as analyzing remedial investigation (RI) data, 
formulating and selecting remedial action (RA) alternatives, estimating 
public and environmental risk associated with each RA alternative, etc. 
Based on SAIC's experience in performing these studies, the estimated cost 
for an FS ranges from $100,000 to $300,000 for one unit/site, depending on 
the amound of work that needs to be done and the complexity of the site. 
Thus, for a small waste unit such as an underground vault, the FS cost is 
estimated at about $100,000. On the other hand, for complex waste unit such 
as a crib or a pond where liquid waste was disposed of and more technologies 
may require evaluation, it is estimated that the FS cost is approximately 
$300,000 due to greater extent of subsurface contamination, possible 
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groundwater contamination, potential interaction with other waste units 
located nearby, etc. For large solid waste units, it is assumed that 
subsurface contamination is more or less localized. The potential for 
groundwater contamination would be negligible and fewer RA alternatives 
would need to be considered. However, because the unit is rather large, the 
evaluation and analysis of RI data will take more time than a smaller unit. 
As a result, for these units, it is assumed that the FS cost is 
approximately $200,000. This cost is also assumed to be the cost incurred 
for a medium-sized liquid waste unit. 

The cost of the engineering, and construction management (Engr, CM) is 
generally defined as a percentage of the actual remedial action (RA) cost, 
and typically ranges between ten to 20 percent of the total cost. For 
example, on the DOE CENTRA project, which involves low-level radioactive and 
heavy metal wastes, this cost averages about 15% of the total remediation 
cost. For this study, the Engr, and CM cost element is an average of 15% of 
the actual remediation cost. · Also, this cost element can inversely vary 
with the unit size and this factor is being considered by site size as 
follows: 

Site Size (lateral Surface Area) 

Small 
Medium 
large 

(<1,000 sq. ft.) 
(1,000-10,000 sq. 
(>10,000 sq. ft.) 

ft.) 

FS, Engr, CM Cost 
(% of RA Cost) 

20 
15 
10 

Using the above criteria, the size of each type of unit can be 
determined. Table 3-38 presents the estimate of the size of each type of waste 
site based on the generic descriptions presented in Appendix C. Only 
certain types of sites have been designated for remediation as discussed 
previously. Site types not requiring remediation [A (aboveground covered 
landfill), B (aboveground uncovered landfill), M (incinerator), and 0 
(other)] have therefore been omitted from this remediation analysis. 

The combination of the FS and Engineering studies is also limited to a 
maximum cost of $2,000,000 per waste unit. 
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TABLE 3-38. SIZE CATEGORIZATION BY TYPE OF WASTE SITE 

Type of Lateral Relative 
Waste Surfac2 Size 
Site Area (ft ) 

A Aboveground Covered Landfill NA NA 

B Aboveground Uncovered Landfill NA NA 

C Belowground Covered Landfill 56,000 Large 

D Belowground Uncovered Landfill 750,000 Large 

E Surface Impoundment 90,000 Large 

F Ditches 12,200 Large 

G Underground Dispersion Systems 276 Small 

H Aboveground Tank NA NA 

I Underground Tank NA NA 

J Spi 11 s 5,000 Medium 

K Underground Vault 128 Small 

L Burning Pit 11,000 Large 

M Incinerator NA NA 

N Process Sewer 24,000 Large 

0 Other NA NA 

NOTE: Waste Site Types A, B, M, and O were not identified as requiring 
remediation. 
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Remedial Action Cost 

The cost for remedial action is estimated using the unit costs 
documented in Appendix A and are listed below: 

o Excavation and disposal 
o Excavation, treatment, and disposal 
o Grout-in-place 
o In-situ decontamination 
o Groundwater recovery and treatment 

$365/Cubic Yard (CY) 
$689/CY 
$ 60/CY 
$1.10/gal or $210/CY 
$35/1000 ga 1 

In the development of the remediation strategy for the 3004(u) sites 
the selection of remediation techniques includes exhumation and one 
potentially applicable in-place treatment method for each generalized 
Hanford unit. Since the remediation alternatives have already been 
established, only the costs associated with these techniques will be 
estimated and presented in this section. 

Post-Remedial Action (RA) Monitoring Cost 

This cost element is geared towards monitoring groundwater, soil, and 
vegetation at each site for radioactivity, heavy metals, and other organic 
and inorganic contaminants after remediation has been completed. As part of 
the post-RA monitoring strategy, each site is assumed to be monitored semi
annually. As described in Section 2, at least four groundwater samples will 
be analyzed per site remediated during each monitoring event at the cost of 
about $7,100 per sample. Therefore, for each waste unit undergoing 
remediation, the cost associated with the post-RA monitoring activities will 
be about $60,000/year, given a labor cost of $3,200/year. These costs 
include monthly inspection of the wells, semi-annual sampling, semi-annual 
data analysis, and semi-annual maintenance. According the RCRA regulations, 
post-closure monitoring activities should be conducted for 30 years after 
closure of the site. As a result, the total post-RA monitoring for each 
site is estimated at $1,800,000. 

The above monitoring cost is based on a semi-annual monitoring 
strategy. This is applicable for most of the selected in-place treatment 
processes, except for the in-place decontamination. For the latter 
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technique, it is assumed that once the unit is cleaned, there is no residual 
contamination left in .the unit, and therefore, post-RA monitoring is not 
required. 

3.3.5 Estimated Remediation Cost Summary 

For each Hanford area, the total remediation cost for each generalized 
Hanford unit identified as requiring remediation was estimated for two 
scenarios: exhumation for almost all cases, and one applicable in-place 
remedial action. For each remedial action, costs associated with 
feasibility study, engineering, actual remedial action, and post-remedial 
action monitoring are estimated wherever applicable. For each generalized 
Hanford unit, the various costs are calculated based on the total cost per 
unit and the number of units requiring remediation within that type. 

Table 3-39 presents the exhumation costs. 
Method A and Method B. Method A represents the 
contaminated material removal and redisposal. 

Two costs are identified: 
cost of waste or 

Method B represents the cost 
of waste or contaminated material removal, treatment, and residue disposal. 
The single shell tank farms and catch tanks were not included in this 
analysis as the hazard to human health and the environment from attempting 
to exhume these sites was too extensive to consider this option. 

Table 3-40 presents the in-place remediation costs. Tables 3-39 and 
3-40 identify the volume of material estimated for the basis of the cost 
evaluation. Estimation details are presented in Appendix A. 

Based on the information presented in Tables 3-39 and 3-40 , the cost 
range for exhumation is $14.8 billion to $27.6 billion for sites designated 
for potential remediation on a site-by-site basis. The cost of in-place 
remediation is estimated at $874 million on a site-by-site basis. 

It should be noted that these costs are generated based on remediation 
of individual sites. However, sites can be grouped together and treated as an 
entity. As a result, it is expected that the remediation cost could be 
reduced drastically. Examples of these cost reductions are provided in 
Appendix I. 
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TABLE 3-39 RCRA 3004(u) Sites Excavation Costs 
. : 

. : 

~th:x:I A ~th:x:I B ~tral A ~tral B 

Type : Numer . . . . . . : Post-RA . . . . 

:of Waste : of E.xcavatioo : FS Cost : 

: Site : lilit Valine (CY) : ($/Lnit) : 

~ Cost 

($/ll1it) 

RA Cost 

($/Lllit) 

~ Cost 

($/Lllit) 

RA Cost 

($/Lllit) 

:loblitoring Cost :Tot . lilit Cost : Total Cost 

($/Lllit) ($/Lllit) ($) 

:Tot . lilit Cost : Total Cost 

($/unit) ($) 

·--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- · . . 

C 7 : 222,800 : 200,000 : 1,800,000 : 81,322,000 : 1,800,000 : 15.3,500,200 : 1,800,000 : 85,122,000 : 595,854,000 : 157,300,200 : 1.101, 164,400 : 

0 1 : 2,fiB0,000 : 200,000 : 1,800,000 : 978,200,000 : 1,800,000 : 1,846,520,000 : 1,800,000 : 982,000,000 : 982,000,000 : 1,850,320,000 : 1,850,320,000 : 

E 23 : Ei68,500 : 300,000 : 1,700,000 : 244,002,500 : 1,700,000 : 460,596,500 : 1,800,000 : 247,802,500 : 5,699,457,500 : 464,396,500 : 10,681,119,500 : 

F 8 : 1, 5.30,000 : 300,000 : 1.700,000 : 558,450,000 : 1,700,000 : 1,054,170,000 : 1,800,000 : 562,250,000 : 4,498,000,000 : 1,057,970,000 : 8,463,760 ,000 : 

G 34 : 210,000 : 300,000 : 1,700,000 : 76,650,000 : 1,700,000 : 144,690,000 : 1,800,000 : 80,450,000 : 2,735,300,000 : 148,490,000 : 5,048,660,000 : 

H NA NA NA NA NA NA NA NA NA NA NA 

1-1 NA NA NA NA NA NA NA NA NA NA NA 

1-2 50 : 3,600 : 100,000 : 262,800 : 1,314,000 : 496,000 : 2,480,400 : 1,800,000 : 3,476,800 : 173,840,000 : 4,876,480 : 243,824,000 : 

J 7 : 28,400 : 100,000 : 1,554,900 : 10,366,000 : 1,900,000 : 19,567,600 : 1,800,000 : 13,820,900 : 96,746,300 : 23,367,600 : 163,573,200 : 

K 2 : 550 : 100,000 : 40,150 : 200.750 : 75.790 : 378,950 : 1,800,000 : 2,140,900 : 4,281,800 : 2,354,740 : 4,700,480 : 

L 1 : 80,000 : 200,000 : 1,800,000 : 29,200,000 : 1,800,000 : 55,120,000 : 1,800,000 : 33,000,000 : 33,000,000 : 58,920,000 : 58 ,920,000 : 

N 1 : 4,200 : 100,000 : 300,600 : 1,533,000 : 578.760 : 2,893,800 : 1,800,000 : 3,739,600 : 3,739,600 : 5,372,560 : 5,372,560 : 

·--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- · . . 
SLM 14,822,219,200: 27,621.423,140 : 

: . 

OOTES : ~tral A coosists of excavatioo an:l disfX)S<ll w/o ircineratioo (@ $365/CY) . 

l"ethxJ B coosists of excavatioo an:l disfX)S<ll with ircineratioo (@ $689/CY) . 

NA Not Applicable. Require ott-er reredial tecmiques. 

C Belo.,groun:l Covered Lan:lfill 

D Belo.,grouno lh:overed Lan:lfill 

E Surface ifll))Undrents 

F Oi tcres 

G lirl:!rgroun:l ·oi spersi on Systens 

H Aoovegroord Tank 

I - 1 lirl:!rgrourd Tank 

1-2 Diversioo Boxes 

J Spills 

K lirl:!rgroun:l Vau 1 t 

L Burning Pit 

N Process 5-r 
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Table 3-40 RCRA 3004(u) Sites In-Place Remediation Costs 

IN-SITU ROIDJAL IICTJCJ6 

. -------------------·--------------------------------------·----------------------------------------------------------·----·--------------------------------·---------------------------. 
Grwt-1 ri-Pl a:::e In-Pl ace Jlecantawl nat lcr, 

l)III! : lu!h!r -------------- ----·-·-------- -- ·--------·------------ - ----- -----------· 
:of Waste : of 

Stte I.hit 

C 

F 

G 

H 

1 

1 

: F'S Coet : 

: (S/..,ttl : 

: 200,<m : 

: 200,<m : 

23 : 300,<m : 

8 : 300,<m : 

34 : 300,<m : 

5 : 100,<m : 

1-1 140 : 100,<m : 

1-2 50 : 100,<m : 

J 1 : 100,<m : 

I( 2 : 100,<m : 

1 : 200,<m : 

H I : 100,<m : 

Yoh• of 
Sotl (CTI 

40,<m : 

347 ,<m : 

"" 
"" 
"" 
"" 
3,<m (1) : 

9 (1) : 

17,<m : 

75 (1) : 

46 ,<m : 

4,200 (1) : 

00 Coet 
(S/161lt) 

240.<m : 

1,800,<m : 

"" 
"" 
"" 
"" 

93,600 : 

281 : 

102,<m : 

2,340 : 

276,<m : 

131.040 : 

II,\ Coet 

(S/1611t) 

lb, . 

(S/161lt) 

: Vol . of Waste : 00 Coet 
lillter (gal I ($/..,It) 

2,400,IXX) : 1.800,<m : "" "" 
20,820,IXX) : 1,800.<m : "" "" 

"" "" "" "' 
"" "" "" "" 
"" "" "" "" 
"" "" 21,<m : 4,620 : 

!136,<m : 1.800,<m : "" "" 
2,808 : 1.800.<m : "" "" 

1.020.<m : 1.800,<m : "" "" 
23,400 : 1,800,<m : "' "' 

2,760,<m : 1,800,<m : "' "" 
1,310,400 : 1.800.<m : "' "" 

II,\ Coet 

(S/ ..,lt) 

"" 
"" 
"' 
"' 
"" 

: lbi . : Yoh,. of 

: (S/161lt) : \,liter ("111 I 

"" "" 
"" "" 
"" 11 : 

"" 165 : 

"" 19 : 

23 , 100 : 0 : "' 
"" "" "" 
"' "" "" 
"" "" "' 
"" "" "" 
"" "" "' 
"" "" "" 

00 Coet 

($/161lt) 

248,500 : 

577 ,500 : 

133,<m : 

2,485,<m : 

5,775,<m : 

665,<m : 

"" 
"" 
"" 
"" 
1M 

"" 
"" 

lb, . 

(S/161lt) 

:Tat . I.hit Coet : Tot.1 Coet : 

(S/..,tt) (SI 

4,640.<m : 32 ,W>,<m : 

24,620,<m : 24,620,<m : 

1.800.<m : 4,833,500 : lll , 170,500 : 

l,IIOO,<m : 8,452,500 : 67 ,620,<m : 

1,800,<m : 2,191,<m : 98,Sll,<m : 

"' 127,720 : 638,600 : 

"' 2,929 ,600 : 410, 144 ,<m : 

1M 1.903.!Bl : 95,154,440 : 

1M 3,022,<m : 21 , 154 ,<m : 

"" 1,925,740 : 3,851.Wl : 

"" 5,<Xl6 ,<m : 5,<Xl6.<m : 

"" 3,341 ,440 : 3,341.440 : 

·-·--------·--·-----------------·--·------- ---- ----------·-----------------------------------------------·------·------·-----------------------
Sl.H : 

. -------------------------------------------------------------------------------------------------------------------------------------------------------------
IIJTES: NA ltJt .lwl !cable. 

(a) Sl rce this ta:lnllJ,I! """'""' dlnct lnjectlcr, of grwt Into tre 111lt, 
tre "°hm, ts ~ In term, of ..,1.,. of grwt . I.hit wst for this tednllJ,I! ts estlntfd at ($31 2/CY) . 

C llelcw;iro.n:l r.o.ered 1..-dfl ll 

D llelo-gro.rd lh:o-.ered Lrdftll 
[ Surface l.,.:nrdre,t 

r D1tcl-es 

G lidergranJ 0ts11enlcr, Syslaftl 

H AlxM!gmrd Tri 

1-1 Url!rgrard Tri 

1-2 01\/ef"Slcr, lbces 

J Spi lls 

K Url!rgro.rd Yau I l 

l lunlng Pit 

'H Process S-.-

873,742 ,4&) : 
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3.4 ESTIMATED MANPOWER AND SCHEDULING 

A description of the characterization and remediation tasks necessary 
at each of the generalized Hanford units, as well as a list of the numbers 
of sites included under each characterization or remediation effort were 
provided in Sections 3.2 and 3.3. This section provides a description of 
the manpower needed to complete site characterization and remedial action on 
the basis of the RCRA 3004(u) site types. Then, unit schedules for 
completion of characterization and remediation are provided. This effort 
was necessary to ultimately produce a master schedule for addressing both 
RCRA and CERCLA sites as described in Section 4. The methods used to 
develop estimates of manpower and scheduling recommended for 
characterization and remediation are also provided in this section. 

3.4.1 Characterization Unit Schedules and Manpower Requirements 

Characterization activities for the generalized Hanford units vary 
according to the category of characterization as described in Section 3.2. 
In order to develop unit schedules, the characterization activities were 
segregated into three tasks as follows: 

o Task Cl - review file data, prepare health and safety plans, 
prepare safety and analysis plans 

o Task C2 - conduct field activities (soil and groundwater monitoring 
and sampling waste management units) 

o Task C3 - sample analysis, evaluation of results, and report 
preparation. 

Each of the above described activities has an associated time requirements 
that were developed on the basis of engineering field experience and 
assumptions regarding the average time necessary to perform the various 
activities. 

To develop the time estimates to complete various activities, a factor 
of $60 per hour was selected as the average cost per hour, fully loaded 
(overhead, administrative costs, etc.), for a person with the appropriate 
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skills. The cost represents a person with the level of engineering or 
scientific skills needed to -perform the engineering, planning, and 
implementation activities to characterize a site. 

The total amount of money allotted for planning site characterization 
and evaluating results (Tasks Cl and C3) is ten percent of the total 
characterization costs for sampling and analysis. A maximum of $100,000 was 
selected as the ceiling for these efforts (combined). This value was 
divided by $60 per hour to determine the maximum number of man-hours 
available. 

Next, the total planning cost for site characterization was allocated 
between the Cl and C3 tasks. In order to segregate the costs, the costs 
were sorted into six cost brackets. By using the $60 per hour rate, the 
total hours to complete the tasks could be calculated. It was assumed that 
significantly more planning was required for sampling and analysis, health 
and safety, etc., in the higher cost brackets than the lower cost brackets , 
so a longer schedule was required to complete the work for t~e higher cost 
bracket sites. For each cost bracket and corresponding number of hours to 
complete the task, the percent of personnel time needed for Tasks Cl and C3 
is shown on Table 3-41. The schedule time is also shown on Table 3-41. The 
schedule time for Task Cl was established based on best judgment and 
previous experience; different schedule times have been assigned based on 
the anticipated complexity of the sampling needed. Task C3 schedule times 
were similarly developed and include six weeks for sampre analysis. 

For the lower cost brackets (less than $35,000), the budget and time 
needed to perform Task Cl was significantly greater than the budget and time 
for Task C3. Since the planning costs were derived on the basis of the 
total cost for characterization, the lower cost brackets represent the 
characterizations with the least data to be collected. That is, for the 
lower cost brackets a much greater proportion of the money will be spent on 
developing health and safety plans and sampling and analysis plans (Cl) than 
will be spent on evaluating the monitoring data and preparing a report (C3) 
on a small data base (data may include as little as three samples analyses). 
On the other hand, for a site to be characterized for remediation, a much 
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TABLE 3-41. SCHEDULE TO COMPLETE CHARACTERIZATION 

Cost Bracket 
($) 

:0-6,000 

:6,000-15,000 

:15,000-35 , 000 

:35,000-50 , 000 

:50,000 -85,000 

:85,000-100,000: 

% of Total 
Planning 

Cost 

75 

50 

30 

30 

30 

30 

TASK Cl 

Man
Weeks 

0.8 

2.3 

3.9 

5.9 

10.0 

12.5 

:% of Tota 1 
Schedule: Planning 

Weeks Cost 

1 25 

4 50 

4 70 

4 70 

6 70 

8 70 
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TASK C3 

Man 
Weeks 

0.4 

2.4 

9.0 

13.7 

23 . 4 

29.2 

Schedule : 
Weeks 

7 

10 

10 

12 

14 

16 
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greater proportion of money will be spent on evaluating the data (C3), which 
may include tracking contaminant plumes, using computer data analysis for 
hundreds of samples, etc., than will be spent in preparing for sampling 
(Cl) . 

Task C2, the field activities necessary to characterize a site, include 
groundwater monitoring, soil monitoring and waste unit sampling. In order 
to develop manpower estimates and scheduling, the following was assumed: 

o Drilling crews include: one supervisor, one driller, one person to 
conduct sampling and to address health and safety 
concerns/monitoring 

o Crews work eight-hour shifts, one shift per day . If additional work 
is necessary, additional drill rigs and crews are added to the site. 
Alternatively, the numbers of shifts that the crew works can be 
increased. The target for drilling and well installation time was 
kept to a maximum of four to ~ight weeks per site 

o Drilling one groundwater monitoring well, collection of soil 
borings at two-foot intervals to a depth of 50 feet (shallow 
groundwater areas), purging one well, collecting one groundwater 
sample, and decontamination of equipment will take three people 
four days to complete (12 mandays over 0.8 weeks scheduling time) 

o Drilling one groundwater monitoring well, collection of soil 
borings at five-foot intervals to a depth of 255 feet (deep 
groundwater areas), purging one well, collecting one groundwater 
sample, and decontamination of equipment will take three people 
seven days to complete (21 mandays over one [l] week of 
scheduling time) 

o Completing one soil boring and collecting soil samples every two 
feet to a depth of 30 feet (shallow groundwater areas) and 
decontamination will take three people three days to complete 
(nine mandays over 0.6 weeks scheduling time) 
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o Completing one soil boring and collecting soil samples every two 
feet to a depth of 50 feet (deep groundwater areas with non-liquid 
wastes placed in the unit during the active life) and 
decontamination will take three people three days to complete 
(nine mandays over 0.6 weeks scheduling time) 

o Completing one soil boring and collecting soil samples every two 
feet to a depth of 100 feet (deep groundwater areas with liquid 
waste placed in the unit during the active life) and 
decontamination will take three people four days to complete (12 
mandays over 0.8 weeks scheduling time) 

o Completing four soil borings and collecting soil samples every two 
feet to a depth of six feet (aboveground tanks regardless of area 
located) and decontamination will take three people three days to 
complete (9 mandays over 0.6 weeks scheduling time). 

The total manweeks were calculated by multiplying the number of people by 
the number of days they were needed and dividing the number of days the crew 
works by the number of days per workweek (five days per week) . The 
scheduling time was calculated by dividing the number of days to complete a 
well or boring by the number of days per workweek (five days). 

To calculate the schedule to complete each type characterization for 
each generalized Hanford Unit, worksheets were prepared. The worksheets 
provided in Appendix E show the schedule for each site type in each 
characterization category (characterization for verify for no hazardous 
constituents, verify for no release/no residual contamination in shallow 
groundwater areas, verify for no release/no residual contamination in deep 
groundwater areas, characterize for remediation in the shallow groundwater 
areas, and characterize for remediation in the deep groundwater areas). 

On the worksheets, Tasks Cl, C2 and C3 correspond to the three tasks 
described in this Section. The scheduling times for the three tasks were 
linked end to end for each type of site in each characterization category to 
obtain unit schedules. 
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At the end of the characterization tasks, six months are allowed for 
review of materials prior to beginning remediation. 

The numbers of samples necessary for characterizing the various Hanford 
units in the shallow and deep areas, as well as the rationale for the 
numbers of groundwater monitoring wells and soil borings, and the numbers of 
samples collected in both the deep and shallow groundwater areas are 
described in Section 3. 2.3. Appendix C describes the generalized Hanford 
units. 

3.4.2 Remediation Unit Schedules and Manpower Requirements 

The scheduling and manpower required to perform remediation and post
remediation monitoring at a given unit are presented in this section. 
Remedial activities include the following tasks: 

Rl Conduct feasibility study (RIA) and conduct engineering 
design (RIB) 

R2 Perform remedial action 
R3 Conduct post-remediation monitoring. 

Each of the above three tasks has associated time requirements that were 
calculated on the basis of engineering field experience and assumptions 
regarding the average time needed to perform the activities. Each task is 
described below: 

o RIA - For units that have been designated for remediation, a 

feasibility study (FS) will need to be performed to identify and 
evaluate remedial alternatives. For the purposes of this study, a 
period of six months was scheduled for completion of the FS, and 
three more months were added for the review of the FS by EPA. 
Thus, a total of nine months was scheduled to complete this task. 
Based on the costs required to perform this activity (as 
identified in Section 3.3), the total number of manweeks was 
determined as follows, using an average labor rate of $60/hr: 

Estimated FS cost ($) x $60/hr 7 40 hrs/week= Total Manweeks 
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o RIB - After the FS has been completed, reviewed, and approved by 
EPA, engineering analysis of the recommended remedial alternatives 
can be started. It is assumed that a period of one year (52 
weeks) is require to conduct the engineering analysis which 
includes initial engineering design and review, cost estimates, 
and construction management. Based on the costs required to 
perform this activity (as identified in Section 3.3), the total 
manpower requirement can be calculated as follows, using an 
average labor cost of $60/hr: 

Estimated Eng. Cost ($) x $60/hr 7 40 hrs/wk - Total Manweeks 

o R2 - A remedial action will be implemented at each site requiring 
remediation. The scheduling and manpower requirements for each 
unit are based on the estimated volume of waste/soil/water 
identified as requiring remediation or treatment at each unit. 
Labor efficiency rates and production rates have been determined 
for each proposed remedial action. Unit schedules were determined 
by applying the production rates to the identified volume needing 
remediation; manpower requirements (manweeks were determined by 
applying the labor productivity rates to the identified volume 
needing remediation 

Worksheets showing calculations for manhours and scheduling are 
provided in Appendix F 

o R3 - After a unit has been remediated, it will be necessary to 
perform post-remedial action groundwater monitoring . A 30-year 
groundwater monitoring program is recommended so that the site 
cleanup program will be consistent with the RCRA post-closure 
monitoring program. 
facilities that have 
groundwater sampling 
period of 30 years. 

Under the RCRA program, land disposal 
undergone closure are required to perform 
at the facility on a semi-annual basis for a 
The objective of this program is to verify 

that the closure actions (remediation) have resulted in either the 
elimination of hazardous constituents from the environment or the 
reduction of constituent concentrations to levels below the 
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applicable regulatory standards. Under this program, semi-annual 
groundwater sampling for hazardous constituents will be performed 
at one upgradient and three downgradient wells at each remediated 
site. 

It is assumed that the four wells (one upgradient, three downgradient) 
to be monitored were installed during the characterization phase and 
therefore the majority of costs associated with the program will be 
associated with sample collection and analysis. 

The monitoring program consists of three phases as follows: well 
purging and sampling, offsite laboratory analyses of collected samples, and 
onsite data analyses, as follows: 

o Each of the unit's four wells will be purged and sampled. It is 
assumed that each well will be pumped the equivalent of three well 
volumes (purging) prior to sampling. The process is estimated to 
require four hours to complete each well and only a single well at 
a unit can be purged at a given time. Sampling of the purged well 
is expected to require four hours to complete. This time includes 
the sample labeling, packaging, and paperwork associated with 
shipping the collected samples offsite for analysis as well as 
decontamination. Thus, one well would be completed in one day. 
This phase will require an expenditure of 96 hours (three people, 
four days, eight hours/day) twice a year per unit (a total of 192 
hours a year for 30 years) 

o Offsite laboratory analyses of the groundwater samples are 
expected to require six weeks. Shorter turnaround times are not 
anticipated for this type of activity. No manpower expenditures 
are required 

o The sample results received from the laboratory will be evaluated 
and any necessary reports based on the analytical data will be 
generated. It is expected that one person will require four hours 
to complete this task per unit for a total of eight hours per year 
per unit 
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o It is anticipated that clerical support and well maintenance 
support will be necessary . Four hours of clerical support will be 
necessary per year and twelve hours of well and pump maintenance 
and inspection is expected to be necessary per year for each unit. 
Appendix F presents worksheets for development of the manpower 
necessary to conduct post-remediation activities. 

3. 5 SUPPORT ACTIVITIES 

Support activities have been identified for site characterization and 
site remediation. These activities represent studies, plans, and procedures 
that need to be developed in order to proceed with site characterization and 
site remediation. The following activities represent support needs for the 
inactive RCRA 3004(u) sites: 

o Assessment of waste management needs to accommodate the wastes 
generated from site remediation and development of waste 
management plans 

o Characterization and modeling studies of site areas to account for 
contributing sources (both active and inactive) 

o Treatability studies to support remediation technique selection on 
a site-specific basis 

o Evaluation of the need for requesting that Alternate Concentration 
Limits (ACLs) be used as the cleanup criteria for the inactive 
waste sites given site-specific conditions 

o Evaluation of the need to modify existing permits 

o NEPA documentation to support new facilities development and 
possible remediation activities. 

Each of these support activities are described in more detail below. 

Existing waste management capacity both onsite and offsite is 
i nsufficient to handle the volumes of mixed waste anticipated to be 
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generated from site remediation. This will require an evaluation of 
available offsite capacity and an assessment of onsite new facility needs to 
determine whether new management units are needed as well as the form 
required (landfill, wastewater treatment system, etc.). Engineering designs 
and appropriate permits will be required for new facilities to handle the 
wastes from remediation. Also, characteristics of the waste and 
contaminated materials expected to be generated from the remediation 
activities may need to be evaluated to determine if the materials may be 
delisted as dangerous wastes thereby allowing disposal as only radioactive 
waste. 

Modeling studies will be needed to fully evaluate site conditions and 
subsurface transport of radioactive and chemical contaminants on a larger 
grouping on regional (area based) scale rather than on a site-specific 
basis. The inactive waste sites at Hanford involve a complex environment 
through the interaction of waste management units that operated twenty or 
thirty years ago and waste management units that recently ceased operations 
or are still operating. In addition, sites may be located directly next to 
each other that are being addressed under different remediation programs 
[CERCLA and RCRA 3004(u)] that can create an artificial barrier between the 
sites and may not take into account the complexity of the site interactions. 
Finally, subsurface processes in effect at Hanford create complex 
contaminant distributions. For example, thermal gradients and lenses of 
high/low permeability in the subsurface contribute to lateral spread of 
contaminant plumes in situations where a downward or elliptical plume may be 
expected. These conditions coupled with the hydraulic interaction with the 
Columbia River; operations variations in the past that affected groundwater 
movement and possibly contaminant flow; and continued interactions with 
active discharges create an environment that may be best understood and 
evaluated through detailed regional site modeling of both the chemical and 
radioactive materials movement and behavior. Such modeling would support 
detailed regional site characterization, long-term monitoring strategies, 
and sel~ction/design of remediation techniques. 

The state-of-the-art for site remediation is continuing to evolve. EPA 
has generally found that site-specific treatability studies are required 
prior to final remediation technology selection and design in order to 
ensure that the selected technique will successfully apply to site 
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conditions and the combinations of waste constituents found. Often, these 
studies can determine design modifications, alternative equipment or 
materials of construction selection, or treatment parameters/procedures 
required. Sometimes these studies can identify the inapplicability of a 
given technique otherwise thought to be suitable. The need for treatability 
studies will depend on a site-by-site basis, but is generally recommended 
for any type of in-situ treatment or waste treatment process. 

Current RCRA closure and cleanup requirements establish the cleanup 
criteria as background concentrations of a given constituent or a health
based standard such as a maximum concentration limit (MCL). In many cases, 
particularly where no health-based standard exists (such as soil) or where 
site conditions do not support cleanup to background concentration, 
alternate concentration limits (ACLs) may be pursued as alternate cleanup 
standards. The ACL development process requires detailed studies of site 
conditions, contaminant characteristics and movement in the environment, and 
contaminant toxicity and other health effects. This involves a fairly 
detailed assessment process supported by detailed modeling. EPA review and 
approval will be necessary. The- need for and the feasibility of proposing 
alternate concentration levels for cleanup criteria at Hanford remediation 
projects should be evaluated once more detailed site characterization 
information is available. 

Hanford has existing waste management units with RCRA {Washington 
Dangerous Waste) interim status which are seeking operating permits. These 
facilities may be likely candidates to receive some of the wastes generated 
from remediation actions. The permit conditions and waste acceptance 
criteria will require evaluation, prior to facility use for remediation 
wastes, to determine whether these wastes may be accepted or whether permit 
modifications are required prior to waste acceptance. 

NEPA documentation such as environmental assessments and environmental 
impact statements may be needed to support remediation decisionmaking and 
actual remediation activities. The Savannah River Plant is currently 
completing a final Environmental Impact Statement for Waste Management 
Activities, which addresses proposed remediation strategies, proposed waste 
management changes, and proposed strategies for development and construction 
of new waste management facilities to handle future wastes and wastes 
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generated from site remediation. The Nevada Test Site is currently in the 
process of preparing environmental assessment documents to support the 
expansion of the existing radioactive waste landfill to provide new landfill 
cells for disposal of mixed wastes. Finally, Rocky Flats has encountered 
difficulties in completing the trial burn for a RCRA incinerator because the 
incinerator was not addressed in previous environmental documents. Although 
there are already a number of environmental documents addressing waste 
management issues at Hanford, it is anticipated that new documentation may 
be needed as remediation plans progress. 

3.6 STUDY LIMITATIONS 

The data and information used to develop a characterization strategy 
and remediation strategy for the RCRA 3004(u) sites was provided by 
Westinghouse and included approximately 5000 pages of data on inactive waste 
disposal sites and areas of environmental contamination at the Hanford 
Reservation. Approximately 2000 pages of this information related to 
potential RCRA 3004(u) sites. These data included lists of the waste sites 
at the Hanford Reservation, codes for the lists which related to the 
geographic location of the sites at Hanford, and brief narratives (usually 
one to two pages) for each site. This section describes some of the 
limitations of the site data and information provided which formed the basis 
of the site assessments, remediation selection, and cost estimating for the 
ten tasks and resulting in this project report. 

The statement of work for this project limited the data analysis to the 
information supplied. The analyses presented in this report are based on 
this information and reflect the programmatic status (RCRA vs. CERCLA) of 
each site as of June 1987. Site identification and evaluation efforts have 
continued at Hanford since that time and negotiations have proceeded with 
the State of Washington and EPA Region X regarding a Memorandum of Agreement 
to address inactive waste sites and NPL listing of sites at Hanford. As a 
result of those efforts, additional CERCLA sites have been designated. 
These sites may appear in this report as RCRA sites. 

The focus of this effort was to conduct a preliminary assessment of 
potential RCRA sites in order to estimate potential budgetary requirements 
and time requirements to characterize and remediate these sites. As such, 
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this analysis and the supporting selections of remediation technologies are 
not intended to be definitive. For example, one in-place remediation 
technique was required to be selected for each type of site and thus one 
technique, considered to be the most applicable on a broad basis, was 
selected for each unit type. The final selection of the remediation 
alternative to be implemented will ultimately be conducted through a site
specific feasibility study analysis of all technologies that may be 
appropriate. 

The data used in the site characterization and selection of the 
remediation technologies usually varied in quality from site to site and 
required that some assumptions be made regarding site conditions, waste 
constituents, migration pathways, and potential receptors in order to 
develop a site score. The chemical constituents disposed were generally 
unknown. In some instances, the radionuclide species disposed were not 
known. Assumptions were made in all cases and the characterization or 
remediation need for action was based upon these assumptions regarding 
potential constituents based on the processes generating the wastes 
disposed. 

In determining the need for action at a particular site, the 
information available regarding past site remediation activities was 
considered. Little supporting documentation was present to verify that 
remediations performed (such as exhumation) removed all the contamination. 
Several terms were encountered that could have more than one meaning as 
applied to remediation. For example, the term "stabilized" can refer to 
physical stabilization (to prevent erosion) or to chemical fixation (to 
prevent chemical constituent leaching or migration). Chemical fixation 
would represent an acceptable corrective action whereas erosion control 
without other measures may not have addressed the problem. This information 
affected the need for action assessments regarding choices between 
remediation and verification for no residual contamination. 

Overall, the RCRA 3004(u) analysis was conducted on a site-by-site 
basis. The analysis is a subjective one and may be subject to change 
through consideration of additional information regarding wastes disposed 
and past actions taken, as well as monitoring results that can serve as 
indicators of hazardous constituent release to the environment. Additional 
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consideration of site groupings is appropriate both to obtain regional 
characterizations and remediation strategies that will be more practical for 
implementation (considering the complex waste management unit interactions 
present) and more cost-effective. 
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4.0 COST AND SCHEDULE BENEFITS FROM GROUPING OF SITES 

The previous analyses of characterization costs apply on a site-by-site 
basis. In reality, many of the sites are in such close proximity that they 
are indistinguishable as units in terms of characterization or remediation 
because any releases in the subsurface may have been transported to adjacent 
units. In addition, since some of the RCRA sites are located amidst 
multiple CERCLA units, therefore the designation as a RCRA site or a CERCLA 
site may be an artificial distinction. 

Characterization and remediation can be more realistically costed and 
scheduled by considering site groupings which result in time and cost 
reductions. The following sections identify the RCRA site groupings by area 
(Section 4.1) and then RCRA/CERCLA group (Section 4.2). Section 4.1 
groupings do not effect the characterization or remediation costs however, 
the groupings in Section 4.2 were considered in developing the costs, 
manpower and scheduling requirements in Section 4.3. 

4. 1 RCRA SITE GROUPINGS AND INTERACTION 

4.1.1 Site Locations and Groupings 

Within a given area, site locations were compared with other RCRA 
3004(u) site locations and CERCLA site locations to determine if and how 
sites may be grouped together for characterization and remediation purposes. 
Evaluation factors considered included: geographic proximity of sites, need 
for action category, and potential for contamination from other nearby sites 
(subsurface and surface interactions). Geographic proximity was the major 
factor in site groupings. Sites within 100 feet of each other were 
generally grouped together. 

The need for action category was frequently readjusted to account for 
nearby contamination sources. For example, three or four cribs were 
adjacent to each other. One crib, based on the data evaluated, was to be 
remediated while the others were used sufficiently long ago that 
verification of no residual contamination was an appropriate action. Under 
such circumstances, the need for action was "upgraded" to remediation 
because of the influence of the nearby site. 
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It is common for more than one waste management unit type to be grouped 
together. Timing of characterization efforts was an additional factor in 
establishing the site groupings. A more extensive site 
characterization/remediation effort in one area could readily accommodate a 
limited sampling effort in the same vicinity. The following sections 
describe the site groupings determined in each area. 

4. 1.1 . 1 1008/C Area 

In the 1008/C Area, 28 RCRA sites have been identified. Of these 28 
sites, 12 may be organized into groups. The remaining 16 sites would be 
addressed individually. 

The 12 sites have been organized into five groups of waste sites to 
facilitate scheduling and planning of anticipated additional site 
investigation. In each grouping, waste sites are as follows: 

A. 116-8-6(1) 1118 Crib 
116-8-6- 2 1118 Crib 

B. 

C. 

D. 

118-8-7 
118-8-5 

116-8-10 
118-8-6 

116-8-5 
116-8-9 

118-8-3 

118-8-2 

E. 107-8 
107-C 

Burial Ground 
Burial Ground 

Dry well, Quench 
Burial Ground 

Crib 
French Drain 

Burial Ground 
(Construction) 

Burial Ground 
(Construction) 

Retention basin 
Retention basin 

Tank 

(tanks) 
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In the first four groups have been identified as requiring ver i ficat i on 
that no hazardous constituents or residual contamination remains. Release 
of contaminants to subsurface soil is projected to have occured at all 
sites. The individual groupings are based on geographic proximity. 

Group E consists of three large retention basins exhibiting residual 
radioactivity and surrounded by contaminated soil, and a CERCLA site 
(trench) which received effluent _from the retention basins. Although these 
sites are encompassed by a relatively large area (1000 feet on each side), 
it is useful to consider these sites as a unit for the purpose of corrective 
action as they are part of the same processing facility and the zones of 
contamination for each one may be indistinguishable. Site remediation has 
been recommended for both RCRA sites 107-B and 107-C. 

4.1.1.2 100 D/DR Area 

In the 100 D/DR Area, 24 RCRA sites have been identified . Of these 24 
sites, ten may be organized into groups. The remaining sites would be 
addressed individually . 

The ten sites have been organized into four groups of waste sites. 
Sites within each group are sufficiently close in proximity and 1 i ke in 
character to be treated as a unit for the purpose of site 
remediation/corrective action. The groups are as follows: 

A. 116-DR-4 Crib 
116-DR-3 Crib 
118-D-5 Burial Ground 
116-DR-8 Crib 

B. 116-D-3 French Drain 
116-D-4 French Drain 

C. 116-D-6 French Drain 
116-D-2 Crib 

0. 107 -0 Retention Basin 
107-0R Retent i on Basin 
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In Group A, subsurface soil contamination is likely to be an issue at 
each site and the sites are located near one another. It has been 
recommended that these sites be examined for residual contamination. In 
Groups Band C, French Drains and Cribs are located in close proximity. 
Again, subsurface soil contamination is anticipated to have occured and each 
site should be evaluated for residual contamination. Group D consists of 
two Retention Basins both of which are currently radioactive. Soil 
contamination has been documented and surface water and ground water 
contamination is likely to have occured. Remediation has been recommended 
for both sites in this group. 

4.1.1.3 100 F Area 

In the 100 F Area, 22 RCRA sites have been identified. Of these 22 
sites, eight sites may be organized into groups. The remaining sites would 
be addressed individually . 

The eight sites have been organized into four groups of waste sites to 
facilitate planning and scheduling of site remediation/corrective action. 
Waste sites in each of these groups are sufficiently close in proximity or 
like in character to be considered as a unit. The four groups are as 
follows: 

Group A 

118-F-1 
118-F-6 

Group B 

116-F-13 
116-F-12 

Group C 

116-F-11 
1608-F 

Burial Ground 
Solid Waste Burial Ground 

Experimental garden 
French drain 

French drain 
Pumping station 
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Group D 

118-F-4 
118-F-3 

Pit 
Burial ground 

The release of contaminants to soil is the primary issue at all of 
these sites. · Recommendations have been made to verify that no release has 
occured, or to verify that no hazardous constituents or residual 
contamination remains. The geographic proximity of the sites was a major 
factor in each grouping. 

In developing plans for remediation in the 100 F Area, CERCLA site 116-
F-3 is quite close to RCRA site 116-F-4 (crib) and these two sites could be 
addressed together. 

4.1.1.4 100 H Area 

In the 100 H Area, 15 RCRA sites have been identified. These sites are 
not sufficiently close enough in proximity, or like in character, to develop 
RCRA "groupings" for the purposes of site remediation/corrective action.-

4. 1.1.5 100 KE/KW Area 

In the 100 KE/KW Area, 23 RCRA sites have been identified. Of these 23 
sites, ten sites may be organized into groups. The remaining sites would be 
addressed individually. 

The ten sites have been organized into three groups of waste sites to 
facilitate scheduling/planning of site remediation and corrective action. 
These sites are sufficiently close in proximity and like in character to 
warrant consideration as a unit or group. The first group (A) is composed 
of four RCRA sites, but is in the immediate vicinity of two related CERCLA 
sites, as follows: 
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Group A 

183-KE Sodium dichromate tank 
183-KEI Sulfuric acid tank 
183-KE2 Sulfuric acid tank 
IOOKE*3 Filter water facility trench 
(100KE*2: CERCLA site) 
(lOOKE*l: CERCLA site) 

In Group 8, release of contaminants to soil is the primary issue of 
concern. Recommendations have been made to verify that no residual 
contamination remains, or that no release has occured. 

Group B 

116-KE-3 
116-KE-l 
105-KE 

French drain 
Crib 
Diesel fuel tank. 

Group C is composed of three RCRA sites but is in the vicinity of two 
related CERCLA sites. The RCRA-designated sites, release of contaminants to 
soil is anticipated to have occured, and recommendations have been made to 
verify that no residual contamination remains. 

Group C 

183-KW 
183-KWl 
183-KW2 
(100KW*2 
(l00KW*l 

Sodium dichromate tank 
Sulfuric acid tank 
Sulfuric acid tank 
CERCLA site) 
CERCLA site) 

4.1.1.6 100 N Area 

In the 100 N Area, 11 RCRA sites have been identified. Of these 11 
sites, eight sites may be organized into groups. The remaining sites would be 
addressed individually. 
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The eight sites have been organized into three groups of waste sites to 
facilitate scheduling/planning of site remediation and corrective action. 
Waste sites within each of these · groups are sufficiently close in proximity 
and like in character to be treated as a unit. Group A consists of two 
French drains which have received sulfuric acid: 

Group A 

108-N 
120-N-7 

French drain 
Acid unloading facility French drain 

Soil contamination is the primary issue of concern at both sites. 

Group B consists of four septic tanks. Subsurface soil contamination 
is anticipated at all of these locations and recommendations have been made 
to verify that no residual contamination remains. 

Group B 

124-N-5 Septic tank 
124-N-6 Septic tank 
124-N-7 Septic tank 
124-N-8 Septic tank 

Group C consists of two sites at which diesel oil supply line leaks had 
occured. 

UN-116-N-22 
UN-116-N-23. 

4.1.1.7 200 East Area 

In the 200 East Area, 155 sites have been identified. Of these 155 
sites, 118 RCRA sites may be organized into groups. The remaining sites 
would be addressed individually . 

The 118 sites have been organized into twenty-six (26) groups of waste . 
units. These units are grouped based on: (1) their proximity, (2) their 
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commonalities such as type of unit, type of wastes, or type of releases to 
the environment , and (3) a combination of these two factors. 

The grouping of the waste units in the 200 East Area is as follows: 

Group A 

216-B-47 
(216-B-48 
(216-B-49 
(216-B-50 
(216-B-43 
(216-B-44 
(216-B-45 
(216-B-46 

Group B 

241-BX 
241-BXR-153 
241-BX-155 
241-BX-153 
241-BXR-152 
241-BX-154 
241-BX-302-A 
241-BX-302-B 
241-BX-302-C 

Crib 
CERCLA) 
CERCLA) 
CERCLA) 
CERCLA 
CERCLA) 
CERCLA) 
CERCLA) 

Tank Farm 
Diversion 
Diversion 
Diversion 
Diversion 
Diversion 
Catch Tank 
Catch Tank 
Catch Tank 

Box 
Box 
Box 
Box 
Box 

(Sites are within confines of tank farm boundary.) 

Group C 

241-BY 
241-BYR-151 
241-BYR-152 
241-BYR-153 

Tank Farm 
Diversion Box 
Diversion Box 
Diversion Box 

241-BYR-154 Diversion Box 
(Sites are within confines of tank farm boundary.) 
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Group D 

241-B · Tank Farm 
241-B-151 Diversion Box 
241 -B-152 Diversion Box 
241-B-153 Diversion Box 
241-B-154 Diversion Box 
241-B-252 Diversion Box 
241-BR-152 Diversion Box 
242-B Evaporator 
241-B-301-B Catch Tank 
241-B-301-C Catch Tank 
241-B-302-B Catch Tank 
(Sites are within confines of tank farm boundary.) 

Group E 

216-B-35 
216-B-36 
216-B-37 
216-B-38 
216-B-39 
216-B-40 
216-B-41 
216-B-42 

Group F 

218-E-2 
218-E-5 
218-E-9 
218-E-2A 
218-E-4 
218-E-SA 

Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 

Buri al 
Burial 
Burial 
Buri al 
Buri al 
Burial 

Ground 
Ground 
Vault 
Ground 
Ground 
Ground 
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Group G 

216-B-4 
216-B-13 
218-E-6 
218-E-7 
UPR-200-E-80 

Group H 

216-B-lOB 
(216-B-lOA 

Group I 

216-B-2-1 
(216-B-2-2 

Group J 

Reverse Well 
French Drain 
Burial Ground 
Burial Vaults 
Waste Line 

Crib 
CERCLA) 

Ditch 
CERCLA) 

216-B-3-1 Ditch 
216-B-3-2 Ditch 

Group K 

241-C 
241-C-252 
241-C-151 
241-C-152 
241-C-153 
241-C-154 
241-CR-151 
241-CR-152 

Tank Farm 
Diversion 
Diversion 
Diversion 
Diversion 
Diversion 
Diversion 
Diversion 

Box 
Box 
Box 
Box 
Box 
Box 
Box 

241-CR-153 Diversion Box 
(Sites are within confines of tank farm boundary.) 
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Group L 

216-A-18 Trench 
216-A-19 Trench 
216-A-20 Trench 
216-A-34 Ditch 

Group M 

241-AZ-151 Diverter Station 
241-AZ-151 Catch Tank 
216-A-39 Crib 

Group N 

216-A-41 Crib 
(216-A-40 CERCLA) 

Group 0 

241 .: cx-10 Tank 
241-CX-72 Tank 
241-C-6 Crib 
241-C-5 Crib 
(216-C-l CERCLA) 

Group P 

216-C-4 Crib 
216-C-3 Leaching Pit 

Group 0 

216-A-3 Crib 
216-A-22 Crib 
(216-A-28 CERCLA) 
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Group R 

216-A-13 French Drain 
216-A-35 French Drain 

I Group S 

216-A-12 French Drain 
216-A-14 French Drain 

Group T 

216-A-15 French Drain 
(216-A-5 CERCLA) 

Group U 

216-A-33 French Drain 
216-A-2 Crib 
216-A-26A French Drain 
(216-A-4 CERCLA) 

Group V 

241-A Tank Farm 
216-A-16 French Drain 
216-A-17 French Drain 
216-A-23A French Drain 
216-A-23B French Drain 
241-A-152 Diversion Box 
241-A-153 Diversion Box 
241-A-302-B Catch Tank 

Group W 

241-AY-152 Diversion Box 
241-AY-152 Diverter Station 
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Group X 

216-A-l Crib 
(216-A-7 CERCLA) 

Group Y 

216-B-14 Crib 
216-B-15 Crib 
(216-B-16 CERCLA) 
216-B-17 Crib 
216-B-18 Crib 
216-B-19 Crib 

Group Z 

216-B-20 Trench 
216-B-21 Trench 
216-B-22 Trench 
216-B-23 Trench 
216-B-24 Trench 
216-B-25 Trench 
216-B-26 Trench 
216-B-27 Trench 
216-B-28 Trench 
216-B-29 Trench 
216-B-30 Trench 
216-B-31 Trench 
216-B-32 Trench 
216-B-33 Trench 
216-B-34 Trench 
216-B-52 Trench 
216-B-53A Trench 
216-B-53B Trench 
216-8-54 Trench 
216-B-58 Trench 
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4.1.1.8 200 West Area 

In the 200 West Area, 147 sites have been identified. Of these 147 
sites, 79 RCRA sites may be organized into groups. The remaining sites 
would be addressed individually. 

The 79 sites have been organized into eighteen (18) groups of waste 
units. These units are grouped based on: (1) their proximity, (2) their 
commonalities such as type of units, type of wastes, or type of releases to 
the environment, and (3) a combination of these two factors. 

The grouping of the waste units in the 200 West area is as follows: 

Group A 

216-T-14 
216-T-15 
216-T-16 
216-T-17 

Group B 

216-T-26 
216-T-27 
(216-T-28 

Group C 

216-Z-6 
216-Z-17 
216-Z-4 
216-Z-5 
(216-Z-10 

Trench 
Trench 
Trench 
Trench 

Crib 
Crib 
CERCLA) 

Crib 
Ditch 
Trench 
Crib 
CERCLA) 
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Group D 

216-T-9 Trench 
216-T-10 Trench 
216-T-ll Trench 

Group E 

216-T-21 Trench 
216-T-22 Trench 
216-T-23 Trench 
216-T-24 Trench 
216-T-25 Trench 

Group F 

216-Z-lA Tile Field 
(216-Z-1&2 CERCLA) 

Group G 

216-S-15 Pond 
(216-S-3 CERCLA) 

Group H 

216-T-4-l Ditch 
216-T-4-2 Ditch 
216-T-4 Pond 

Group I 

216-U-6 Trench 
216-U-5 Trench 
216-U-7 French Drain 
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I I 

Group J 

218 -W-4A 
218-W-ll 
218 -W-l 
218-W-2 
218-W-3 

Group K 

216-Z - l 
216 -Z- 19 
216-Z-ll 
216-Z-9 
216-U-10 

Group L 

218-W-7 
218-W-8 

Group M 

241-UR-154 
241-UR-153 
241-U-252 
241-U-153 
241-UR-152 
241-U-301 
241-U 
244-UR 

Burial 
Burial 
Burial 
Burial 
Burial 

Ditch 
Ditch 
Ditch 
Ditch 
Pond 

Vault 
Vault 

Ground 
Ground 
Ground 
Ground 
Ground 

Diversion Box 
Diversion Box 
Diversion Box 
Diversion Box 
Diversion Box 
Catch Tank 
Tank Farm 
Vault 

(Sites are within confines of tank unit boundary.) 

Group N 

240-S-151 
240-S-152 
241-S-152 

Diversion Box 
Diversion Box 
Diversion Box 
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240-S-302 
241-S 

Catch Tank 
Tank Farm 

(Sites are within confines of tank farm boundary.) 

Group 0 

241-SX-151 
241-SX-152 
241-SX-302 
241-SX 

Diversion Box 
Diversion Box 
Catch Tank 
Tank Farm 

(Sites are within confines of tank farm boundary.) 

Group P 

241-TX-153 Diversion Box 
241-TXR-152 Diversion Box 
241-TXR-153 Diversion Box 
241-TXR-244 Diversion Box 
241-TXR-151 Diversion Box 
241-TXR-155 Diversion Box 
241-TX-302-A Catch Tank 
241-TX-302-B Catch Tank 
241-TX Tank Farm 
242 Evaporator 
(Sites are within confines of tank farm boundary.) 

Group 0 

216-T-13 Trench 
216-T-36 Crib 
216-T-32 Crib 
216-T-5 Trench 
241-TR-152 Diversion Box 
241-T-152 Diversion Box 
241-TR-153 Diversion Box 
241-T-151 Diversion Box 
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241-301-B 
241-T 

Catch Tank 
Tank Farm 

(Sites are within confines of tank farm boundary.) 

Group R 

241-TY-153 Diversion Box 
241-TY-302-A Catch Tank 
241-TY-302-B Catch Tank 
241-TY Tank Farm 
(Sites are within confines of tank farm boundary.) 

4.1.1.9 200 North Area 

In the 200 North Area, seven RCRA sites have been identified. Of these 
seven sites, two sites may be organized into groups. The remaining . sites 
would be addressed individually. The two sites have been organized into a 
single grouping for characterization, as follows: 

Group A 

216-N-2 
216-N-3 

Trench 
Trench 

Both trenches have been identified for characterization to determine whether 
residual contamination is present. The primary consideration is their close 
proximity. 

4.1.1.10 300 Area 

In the 300 Area, 18 RCRA sites have been identified. Of these 18 
sites, six sites may be organized into groups. The remaining sites would be 
addressed individually. 

The six sites have been organized into three groups of waste sites to 
facilitate scheduling and planning of site remediation/corrective action. 
Waste sites in these groups are sufficiently close in proximity to be 
considered as a unit. These three groups are as follows: 

4-18 



Group A 

(no number) 
(no number) 

Uranium Acid Spill (313 Bldg) 
Methanol Storage Tank 

Group B 

UPR-300-31/40 
(no number) 

Group C 

(no number) 
316-4 

Unplanned releases 
311 Tank farm 

323 Tanks 
Cribs 

In addition to the three groups noted above, a group of four 600 Area 
waste sites which are located at the northern end 
identified to facilitate the timing of corrective 
grounds are sites 618-1, 618-2, 618-3, and 618-8. 
form one large continuous unit. 

4.1.1.11 400 Area 

of the 300 area, have been 
action. The four burial 
Sites 618-2 and 618-3 

In the 400 Area, five sites have been identified. Of these five sites, 
two sites may be organized into one group. The remaining sites would be 
addressed individually. 

The one site grouping consists of "400 Area retired French drains" and 
the "400 Area retired Sand bottom Trench". Both of these sites require 
verification that there are no hazardous constituents associated with the 
sites. 

4.1.1.12 600 Area 

With the exception of the four burial grounds near the 300 Area (618-1, 
618-2, 618-3 , and 618-8), none of the 31 waste sites in the 600 Area are in 
close enough proximity to constitute a group for the purposes of site 
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remediation/corrective action . The 600 Area sites should therefore be 
addressed individually. However, in developing a schedule for further site 
investigation and remediation, the following sites may be considered 
together: 

o 618-9 West Burial Ground 
618-13 Contaminated Soil Burial Ground 
Horn Rapids Disposal 

0 618-7 
618-4 
618-6 

Burial Ground No. 7 
Burial Ground No. 4 
Burial Ground No. 6 

The grouping of the burial grounds was described in 4.1.1.10. 

4.1 . 1.13 700 Area 

Only one site is identified in the 700 Area. This site, an underground 
tank, is the only "group" for this area. 

4.1.1.14 1100 Area 

In the 1100 Area, four sites have been identified. None of these sites 
are in close enough proximity to constitute a group and should therefore be 
addressed individually within the 1100 Area. 

4.2 RCRA/CERCLA GROUPING 

Site groupings at the Hanford Reservation were identified for 
characterization and remediation purposes. Evaluation factors considered 
included: geographic proximity of sites, need for action category, and 
potential for contamination from other nearby sites (subsurface and surface 
interactions). The resulting groups were assessed for each area at 
Hanford. Many of the groups initially developed did not include CERCLA 
sites. However, CERCLA sites in the immediate vicinity of a RCRA grouping 
were identified. This section outlines the methodology used to determine 
which RCRA groups can be expanded to "zones" which include both RCRA and 
CERCLA sites. 
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The assumptions used to evaluate the interaction of RCRA sites with 
CERCLA sites include the following: 

o Geographic proximity is defined for RCRA groupings as sites within 
100 feet of each other and for zones the distance is increased to 
300 feet. This is the major factor in both groups and zones. 

0 Need for action category for RCRA group as the collective 
assessment of the containment provided by the site in the past and 
timing of characterization efforts. The inclusion of a CERCLA 
site in a zone was not determined by the need for action category. 

o Potential for contamination is defined as the potential exposure 
hazards, potential media, impacted, and pathway of migration for 
RCRA groups. The inclusion of a CERCLA site in a zone was not 
determined by the potential for contamination. 

As identified in Section 4.1, there are RCRA units near CERLA units. 
As a result of such proximity to a site requiring action, the need for 
action previously suggested for some RCRA units is reconsidered based on the 
grouping to reflect the integrated process of recommending resolutions to 
waste units. For example, group E (200 West) consists of five trenches that 
are located next to each other. A preliminary review indicated that only 
trench 216-T-21 required remediation, while the remaining trenches (216-T-
22, 23, 24, and 25) would only require verification that there is no 
residual contamination. However, because of the grouping, all trenches in 
the group are recommended for remediation since the trench requiring 
remediation is expected to have impacted the nearby trenches and it is 
difficult to remediate one without disturbing the other units. 

The Hanford Reservation's 100, 200, 300, 400, and 600 Areas sites were 
analyzed based upon the existing groupings. Twenty-eight zones were 
developed from RCRA groups and individual CERCLA sites. CERCLA sites were 
identified and initially associated with RCRA groups based upon proximity. 
Next, the compatability of unit disposal types was considered. However, 
having common unit types was not the sole basis for inclusion in the zone, 
since it was not uncommon for more than one waste management unit type to be 
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grouped together. The type of waste and/or type of release to the 
environment were assessed before a candidate CERCLA site was rejected or 
included in a zone. 

The twenty-eight zones can be identified by Hanford (i.e., 200 West, 
Group Q, or Zone 1). The zones are ranked according to the average HRS 
score of the CERCLA sites within a zone. Each zone is numbered by this 
ranking system which establishes a hierarchy for group and site remediation 
schedules. The twenty-eight zones and the sites which comprise them are as 
follows: 

Zones Description Ranking 

1. Group Q (200 West) 2 
2. Group A (200 · East) 8 
3. Group Y (200 East) 9 
4. Group T (200 East) 11 

5. Group G (200 West) 13 
6. Group H (200 East) 15 
7. Group U (200 East) 15 
8. Group L (200 West) 15 
9. Group A (100 F) 17 

10. Group F (100 B&C) 18 
11. Group X (200 East) 20 
12. Group C ( 100 F) 21 
13. Group D (100 O&DR) 22 
14. Group F ( 100 F) 22 
15. Group A (100 H) 22 
16. Group A (100 K) 22 
17. Group E (100 B&C) 23 
18. Group G (100 B&C) 23 
19. Group B (100 D&DR) 23 
20. Group B (200 West) 25 
21. Group C (100 K) 25 
22. Group O (200 East) 26 
23. Group F (200 West) 27 
24. Group N (200 East) 32 
25. Group Q (200 East) 32 
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26. 
27. 
28. 

Group C (200 West) 
Group I (200 East) 
Group A (100 D&DR) 

32 
34 
35 

The following sections describe the zones determined in each area. 

4.2.1 100 B/C Area 

In the 100 B/C Area, four CERCLA sites have been identified. All four 
sites may be included in RCRA groups to form zones. 

The four sites have been included in three RCRA groups to form three 
zones to facilitate scheduling and planning. In each zone the waste sites 
are as follows: 

Zone 17 (Group E) 

107-B (RCRA) 
107-C (RCRA) 
116-B-1 
116-C-l 

Zone 10 (Group F) 

116-B-3 (RCRA) 
116-B-4 

Zone 18 (Group G) 

118-C-l (RCRA) 
118-C-2-2 (RCRA) 
116-C-2 

4.2.2 100 D/DR Area 

In the 100 D/DR Area, five CERCLA sites have been identified. Three of 
the sites may be included in RCRA groups to form zones. One of the sites is 
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grouped with an individual RCRA site (116-D - lA) forming a fourth zone. The 
remaining site would be addressed individually. In each zone the waste 
sites are as follows: 

Zone 13 (Group D) 

107-0 (RCRA) 
107-DR (RCRA) 
116-DR-l 
116-DR-2 

Zone 19 (Group B) 

116-D-lA (Individual RCRA site) 
116-0-18 

Zone 28 (Group A) 

116-DR-4 (RCRA) 
116-0R-3 (RCRA) 
118-0-5 (RCRA) 
116-DR-8 (RCRA) 
116-DR-7 

4.2.3 100 F Area 

In the 100 F Area, six CERCLA sites have been identified. All sites 
may be grouped with individual RCRA sites forming three _zones . In each zone 
the waste sites are as follows: 

Zone 17 (Group E) 

118-F-2 
116-F-l 

(Individual RCRA site) 
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Zone 23 (Group F) 

107-F 
116-F-9 
116-F-2 

Zone 18 (Group G) 

116-F-4 
116-F-3 
116-F-6 
116-F-10 

4.2.4 100 H Area 

(Individual RCRA site) 

(RCRA) 

In the 100 H Area, three CERCLA sites have been identified. Two sites 
may be grouped with an individual (118-H-5) RCRA site forming a zone. RCRA 
site 118-H-5 is near the 116-H-2 and 116-H-3 CERCLA sites and may be 
influencing each other (i.e., subsurface interactions). The remaining site 
would be addressed individually. The waste site in the zone are as follows: 

Zone 15 (Group A) 

118-H-5 
116-H-2 
116-H-3 

4.2.5 100 KE/KW Area 

In the 100 K, Area four CERCLA sites have been identified. All four 
sites may be included in RCRA group to form zones. 

The four sites have been included in two RCRA groups to form two zones. 
In each zone the waste sites are as follows: 
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I 

Zone 16 (Group A) 

183-KE 
183-KEl 
183-KE2 
100 KE*2 
100 KE*2 
100 KE*l 

Zone 21 (Group C) 

183-KW 
183-KWl 
183 KW2 
100 KW*2 
100 KW*l 

4.2.6 200 Area CERCLA Sites 

In the 200 Area, 52 sites have been identified. Of these 52 sites, 38 
sites may be organized into groups or zones. 

In the 200 West area 14 CERCLA sites have been organized into four 
groups of CERCLA-only waste units. These units are grouped based on: (1) 
their proximity, (2) their commonalities such as type of unit, type of 
waste, or type of releases to the environment, and (3) a combination of 
these factors, with proximity being the major factor. 

The grouping of the CERCLA waste units in the 200 West Area is as 
follows: 

Group I 

216-S-15 Crib 
216-S-6 Crib 
216-S-17 Pond 
216-S-16P Pond 
216-S-16D Ditch 
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Group II 

216-S-1&2 
216-S-7 
216-S-3 
216-S-9 

Group IV 

216-S-4 
216-S-21 

Group IV 

216-U-4 
216-U-4A 
216-U-48 

4.2.7 200 East Area 

Crib (2) 
Crib 
French Drain 
Crib 

French Drain 
Crib 

Reverse Well 
French Drain 
French Drain 

In the 200 East Area, 26 sites have been identified. Of these 26 
sites, 18 of the sites may be included in RCRA groups to form zones. 
Fourteen CERCLA sites may be included in RCRA groups to form zones . Four of 
the sites are grouped with individual RCRA sites to form zones. The 
remaining eight sites would be addressed individually. 

The 15 CERCLA sites have been included in six RCRA groups to form six 
zones. Four CERCLA sites have been grouped with individual RCRA groups 
forming four zones. In each zone the waste sites are as follows: 

Zone 2 (Group A) 

216-8-47 
216-8-48 
216-8-49 
216-8-50 
216-8-43 

(RCRA) 
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216-8-44 
216-8-45 
216-8-46 

Zone 6 {Group H) 

216-8-108 
216-8-lOA 
216-B-6 

Zone 27 {Group I) 

216-B-2-l 
216-8-2-2 

Zone 24 {Group N) 

216-A-41 
216-A-40 

Zone 22 {Group 0) 

241-CX-70 
241-CS-72 
216-C-6 
216-C-5 
216-C-l 
216-C-10 

Zone 25 {Group Q) 

216-A-3 
216-A-22 
216-A-28 

{RCRA) 

{Individual RCRA Site) 

{Individual RCRA site) 

{RCRA) 
{RCRA) 
{RCRA) 
{RCRA) 

{RCRA) 
{RCRA) 
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Zone 4 (Group T) 

216-A-15 
216-A-5 

Zone 7 (Group U) 

216-A-33 
216-A-2 
216-A-26A 
216-A-4 

Zone 11 (Group X) 

Zone 

216-A-l 
216-A-7 

3 (Group 

216-8-14 
216-8-15 
216-8-16 
216-8-17 
216-B-18 
216-8-19 

Y) 

4.2.8 200 West Area 

(Individual RCRA Site) 

(RCRA) 
(RCRA) 
(RCRA) 

(Individual RCRA site) 

(RCRA) 
(RCRA) 

(RCRA) 
( RCRA) 
(RCRA) 

In the 200 West Area, 20 CERCLA sites have been identified. Of the 20 
sites, 12 may be included in the RCRA groups to form zones. Two of the 
sites are grouped with individual RCRA sites to form zones. The remaining 
six sites would be addressed individually. 

The 12 CERCLA sites have been included in four RCRA groups to form four 
zones. Two CERCLA sites have been grouped with individual RCRA sites to 
form tow zones. In each zone the waste sites are as follows: 
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Zone 20 (Group B) 

216-T-26 (RCRA) 
216-T-27 (RCRA) 
216 -T-28 

Zone 26 (Group C) 

216-Z-6 (RCRA) 
216-Z-17 (RCRA) 
216-Z-4 (RCRA) 
216-Z-5 (RCRA) 
216-Z-10 

Zone 23 (Group F) 

216 -Z-lA 
216-Z-1&2 

(Individual RCRA site) 

Zone 5 (Group G) 

216-S-15 
216-S-3 

Zone 8 (Group L) 

218-W-7 
218-W-8 
216-T-8 

Zone 1 (Group Q) 

241-TR-152 
241-T-152 
241 -TR-153 
241-T-151 
241-301-8 
241 -T 

(Individual RCRA site) 

(RCRA) 
(RCRA) 

(RCRA) 
(RCRA) 
(RCRA) 
(RCRA) 
(RCRA) 
(RCRA) 
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216-T-7 
216-T-13 
216-T-36 
216-T-32 
216-T-5 

(RCRA) -
(RCRA) 
(RCRA) 
(RCRA) 

4.3 COST REDUCTIONS FOR RCRA/CERCLA GROUPINGS 

As has been suggested previously, addressing waste management units on 
an individual versus group basis has resulted in high characterization and 
remediation cost estimates. These costs can be lowered substantially if 
similar type units in close proximity to one another can be addressed as one 
larger unit. Cost savings result for a number of reasons related to 
economies of scale including decreased planning costs, reduction in the 
number of required groundwater and/or soil samples, elimination of double 
counting related to excavation areas and sampling, etc. The reductions in 
characterization and remediation costs that can be realized by grouping 
units, where possible and/or practical, are illustrated in the examples that 
follow and are summarized in Table 4-1. Table 4-1 presents the number of 
individual RCRA units that comprise a given RCRA group, the estimated cost 
for characterizing each individual unit independent of the group, the 
estimated characterization cost for characterizing the group itself, and the 
estimated (RCRA) cost savings, if any, related to addressing the units as a 
group. Cost savings for RCRA/CERCLA groupings are also noted . Appendix I 
presents example calculations of cost reductions. 

For the 56 site groups considered in Table 4-1, characterizing 342 RCRA 
units individually would cost $966,254,200. By grouping the sites together, 
characterization costs are an estimated $183,745,500 for a reduction of 
$782,508,700 or 81 percent for the sites. Thus, the characterization costs 
for RCRA sites, as estimated in Section 3.2 to be a total of $1,240,000,000 
can be reduced significantly through groupings of RCRA sites or units and 
groupings of RCRA sites with CERCLA sites. 

Additional reductions may be achieved in remediating sites in groups or 
regions. 
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TABLE 4-1. COST REDUCTIONS THROUGH GROUPING RCRA SITES AND 
RCRA/CERCLA SITES FOR CHARACTERIZATION 

Characterization 
# of Units Costs as Indivi- Characteriz~tion Estimate of 

Area in Group dual Units Costs as a Group Cost Savings 

100 North Area 

Group B . 4 115,600 115,600 None expected 

100 K Area 

Group B 3 2,363,300 1,415,600 947,700 

Group A (R/C) 4 4,639,000 438,000 4,201,000 

Group C (R/C) 3 375,000 250,000 125,000 

100 F Area 

Group A 2 5,028,000 2,393,300 2,634,700 

Group B 2 560,000 560,000 None Expected 

Group C 2 1,062,200 929,400 132,800 

Group D 2 5,028,000 1,307,000 3,721,000 

Group A (R/C) 1 No change No change No change 

Group B (R/C) 1 916,100 o(l) 916,100 

Group C (R/C) 1 531,100 o(l) 531,100 

100 BC Area 

Group A 4 6,090,200 1,427,700 4,662,500 

Group B 2 3,045,100 1,427,700 1,617,400 

Group C 2 1,062,200 1,062,200 None Expected 

Group D 2 57,800 57,800 None Expected 

Group A (R/C) 2 1,832,200 1,689,000 143,200 

Group B (R/C) 1 531,100 o(l) 531,100 

Group C (R/C) 2 3,045,100 2,514,000 531,100 

~{J = RCRA/CERCLA Grouping. 
Costs are included in CERCLA Characterization. 
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TABLE 4-1. COST REDUCTIONS THROUGH GROUPING RCRA SITES AND 
RCRA/CERCLA SITES FOR CHARACTERIZATION (continued) 

Characterization 
# of Units Costs as Indivi- Characterization Estimate of 

Area in Group dual Units Costs as a Group Cost Savings 

100 D and 100 DR Area 

Group B 2 1,062,200 1,062,200 None Expected 

Group C 2 1,062,200 1,062,200 None Expected 

Group A (R/C) 2 1,832,200 al 1,832,200 

Group B (R/C) 1 No change No change No change 

Group C (R/C) 4 5,366,000 1,790,000 3,576,000 

200 East 

Groups 8, C, 
D, 58 56,318,600 6,053,000 50,265,600 

Group E 8 44,536,000 9,081,500 35,454,500 

Group F 6 28,710,200 7,256,800 21,453,400 

Group G 5 9,150,400 4,076,000 5,074,400 

Group K 20 36,016,000 3,076,400 32,939,600 

Group R 2 3,324,000 2,443,000 881,000 

Group S 2 3,324,000 2,443,000 881,000 

Group V 13 22,855,200 3,501,600 19,353,600 

Group Z 20 $111,340,000 $19,625,000 $91,715,000 

Group A (R/C) 1 1,800,800 o(l) 1,800,800 

Group I (R/C) 1 2,651,200 2,512,000 139,200 

Group Q (R/C) 2 3,324,000 1,662,000 1,662,000 

Group Y (R/C) 5 9,004,000 4,352,000 4,652,000 

Group X (R/C) 1 1,800,800 oO) 1,800,800 

R{C = RCRA/CERCLA Grouping. 
l Jcosts are included in CERCLA Characterization. 
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TABLE 4-1. COST REDUCTIONS THROUGH GROUPING RCRA SITES AND 
RCRA/CERCLA SITES FOR CHARACTERIZATION (continued) 

Characterization 
# of Units Costs as ·Indivi- Characterization Estimate of 

Area in Group dual Units Costs as a Group Cost Savings 

200 West 

Group A 4 10,604,800 1,800,800 8,804,000 

Group D 3 16,701,000 2,443,000 14,258,000 

Group E 5 13,256,000 2,844,000 10,412,000 

Group H 3 23,730,000 17,494,400 6,235,600 

Group I 2 11,134,000 11,134,000 None Expected 

Group K 5 45,671,200 28,588,400 17,082,800 

Group M 17 40,492,800 4,352,000 36,140,800 

Group N 16 288,130,000 4,352,000 283,778,000 

Group 0 18 32,414,400 4,352,000 28,062,400 

Group P 27 46,945,800 5,202,400 41,743,400 

Group Q 26 56,318,600 6,478,000 49,840,600 

Group R 9 16,207,200 3,927,000 12,280,200 

Group B (R/C) 2 3,601,600 935,000 2,666,600 

Group C (R/C) 4 14,856,800 2,651,000 12,205,800 

Group F (R/C) 2 3,462,800 1,800,800 1,662,000 

200 North Area 

Group A 2 11,134,000 4,076,000 7,058,000 

300 Area 

Group D 2 8,152,000 2,208,700 5,943,300 

R{C = RCRA/CERCLA Grouping. 
l Jcosts are included in CERCLA Characterization. 

4-34 



4. 4 MASTER SCHEDULE FOR RCRA/CERCLA GROUPINGS 

Figure 4-1 presents a master schedule covering ten years of site 
characterization and remediation. The schedule has been constructed in a 
time line fashion to denote, with a dashed line, those time periods relating 
to site characterization and to denote, with asterisks, those time periods 
relating to site remediation activities. The dark solid line visually 
separates the two time periods. A six month gap has been allowed between 
site characterization and the beginning of site remediation to accommodate 
review periods by regulatory agencies anticipated for the remedial 
investigation reports. 

Three lines of cost data are provided at the top of Figure 4-1. The 
top line presents the yearly expenditures for site characterization. The 
middle line presents quarterly totals for site characterization . The third 
line presents the yearly expenditure for site remediation. 

The master schedule was constructed using the following assumptions and 
considerations: 

o Unit schedules identified in Sections 2 and 3 were the basis for 
constructing a master schedule on a site-by-site basis. 

o A yearly budget of $50 million for site characterization and $100 
million for site remediation was assumed. The first few years of 
the program were assumed to be a phase-in period for which the 
yearly budgets were less than full funding. The funding amounts 
selected were based on budgets that could reasonably be 
anticipated as compared to budgets anticipated at other DOE 
facilities. 

o CERCLA site characterization costs and schedules involved greater 
than one year to complete, however, the majority of the funds were 
anticipated to be expended in the first year for each CERCLA site 
or grouping. Each RCRA site was considered to have expended the 
budget for that site within three-fourths to one year . 
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o Remediation schedules were geared towards completion within a ten 
to 15 year time f~ame. This time frame is based on current EPA 

. policy regarding site cleanups : cleanups generally must be 
completed within 15 years after start. 

In constructing the example master schedule shown in Figure 4-1, sites 
were selected for scheduling on a priority basis. CERCLA sites were 
considered first. Sites with the hazard ranking of ten or less (HRS score 
greater than 51) were scheduled first based on the hazard ranking regardless 
of site location. Then, CERCLA sites in the 200 West Area were scheduled 
because of the concerns regarding existing multiple contamination plumes. 
RCRA sites grouped with CERCLA sites were kept in the listing in conjunction 
with the appropriate CERCLA sites. Sites of major concern that were in the 
"RCRA" section of this study were also pulled up into the listing to follow 
those CERCLA sites being characterized nearby. One example is the tank 
farms in the 200 West area that are pulled up into the listing. 

Although the example schedule proceeds through only ten years, the site 
scheduling effort found that characterization of the CERCLA sites will 
involve more than ten years of time to complete. Characterization of the 
RCRA sites is estimated to continue to year 25. Remediation of the sites 
cannot begin until characterization is complete; and the scheduling analysis 
indicated that by year 25, remediation may have begun on up to two-thirds of 
the CERCLA sites given the yearly budget identified above. Less problematic 
sites, such as RCRA sites requiring only sampling documentation of no 
contamination problems, may need to be moved up in the schedule so that site 
characterization for sites known to need remediation is not performed so far 
in advance of the remediation activities that a site will need to be 
recharacterized before beginning remediation. 

Several limiting factors were used in this analysis. First, the number 
of drilling rigs available will have a significant impact in some years on 
the level of activities. The master schedule shown in Figure 4-1 is based 
on having no more than 25 drilling rigs in operation at any given time. 
This number was selected as being the number of the type of rigs that could 
reasonably be expected to be available at one time to support the efforts at 
the Hanford Reservation. It is very likely that there will be some years in 
which the full $50 million characterization budget cannot be exercised 
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FIGURE 4-1. EXAMPLE MASTER SCHEDULE FOR CHARACTERIZATION AND REMEDIATIONS FOR A TEN-YEAR PERIOD. 
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because the number of available drilling rigs is insufficient. It should be 
noted that the cost of a particular remedial action could impact the abil ity 
to startup new remediations . One or two relatively expensive actions 
enacted at one time could significantly tie up available funds for several 
years, thus delaying the startup of new efforts. As described above, the 
planning process needs to consider such delays in setting up the 
characterization schedules . Additional limiting factors to ultimately be 
considered in scheduling remedial actions are the limitations in available 
manpower and equipment necessary to complete the action. 
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APPENDIX A 

DESCRIPTION OF ENGINEERING ALTERNATIVES 
(INCLUDING REMEDIAL ACTION TECHNOLOGIES) 



A.1 CAP/COVER 

A.1.1 General Description 

The cap and cover technique provides a horizontal barrier to isolate 
contaminants within an underlying waste zone and reduce their potential for 
migration out of this zone. A cap is usually designed as a low permeability 
barrier to reduce or prevent the movement of surface precipitation down into 
the contaminated zone. In arid regions, where evapotranspiration regularly 
exceeds precipitation, a cap can reduce the movement upward to the surface 
of contaminated water. Other forms of upward contaminant migration that may 
be reduced by a cap include the withdrawal of contaminated soil moisture by 
deep rooted plants penetrating into the contaminated zone and the transport 
of contaminants to the surface by burrowing animals . 

The applicability of a cap at Hanford is governed by its prevailing 
arid climate. Although consideration must be given to an abnormally high 
precipitation event such as the 100-year storm , the migration of wastes 
upwards due to the "wicking" of soil moisture and the action of deep rooted 
plants (Dabrowski, 1973) and burrowing animals (O'Farrell and Gilbert, 1975) 
are the primary concerns . Because the sites considered for cap/cover deal 
with low-level radioactive concentrations, the potential for radioactive 
decay particles penetrating through the 10 to 30 feet of cover soil is 
expected to be minimal. Site field sampling surveys will determine this 
later , as described in Section 2, Characterization Plan for CERCLA Sites. 

For those sites that contain near the surface a large concentration of 
radioactive or chemically hazardous materials that cannot be completely or 
feasibly removed by other technologies, capping can be employed as a barrier 
above the waste site. 

Capping techniques applicable to the Hanford Reservation include: 

o Synthetic liners 
o Asphalts and asphalt cement 
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o Reinforced Portland cement 
o Low permeability clay bentonite 
o Gravel-cobble 
o Chemical toxins (herbicides) . 

An applicable barrier cap may consist of one or a combination of these 
techniques. For instance, synthetic liners coupled with a soil-bentonite 
layer are commonly used. 

In choosing a technique appropriate to the Hanford Reservation, several 
concerns must be evaluated. The expected or field-proven life of the cap 
must be adequate until the wastes within the site are no longer hazardous 
for contaminant pathways in question. Capital and operation and maintenance 
costs must also be considered. For sites that are to be capped, 
consideration must be given to any adjacent active sites that may cause 
lateral migration of fluids beneath the cap and into the contaminant zone. 
Subsidence may occur, destroying the cap as the supporting soil beneath it 
collapses. Many of the waste units considered in this report are cribs, 
French drains, ditches and trenches. Cribs particularly have a history of 
subsidence, and if excavation and disposal are used to extract the 
contaminants concentrated near the surface before a cap is installed, some 
subsidence is likely. 

Long-term monitoring of the cap and site after completion are 
important. The waste site must be monitored to determine whether 
contaminants are escaping either to the surface or down towards the gro und 
water. The integrity of the cap must be monitored and periodic maintenance 
may be needed, such as sealing of asphalt liners that have developed cracks 
or removal of deep rooted plants and burrowing animals that could disrupt a 
clay or synthetic liner. 

An evaluation of the possible capping technologies indicates that a 
gravel-cobble barrier or a reinforced concrete cap are the best choices . 
Synthetic liners and asphalts have too short a life span; it would be 
necessary to excavate and reinstall a synthetic liner every 20 years. 
Asphalts, chemical toxins, clays, reinforced concrete, and to some extent 
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gravel-cobble are susceptible to subsidence. Bentonite must be kept moist 
to be effective. In the arid climate at Hanford, drying and cracking of a 
bentonite liner is likely. Chemical toxins are still experimental. 

Both reinforced concrete and gravel-cobble can be expensive to install . 
Reinforced concrete is the more expensive of the two, is susceptible to 
cracking, and requires periodic repairs to maintain cap integrity. The life 
span of concrete is also expected to be shorter than that of gravel-cobble. 
Both, however, are effective against burrowing animals. A gravel-cobble 
liner offers better long-term protection against surface water infiltration 
if it is covered with a less permeable layer such as the natural soil found 
at the Hanford Reservation. 

A layer of cobbles (1.49 - 2.99 in. diameter) will create a zone of 
large void spaces lacking nutrients and water. If this zone i s deep enough , 
plant roots will be prevented from penetrating it. The mass of the cobbles 
prevents burrowing mammals from tunneling beyond the barrier zone. A gravel 
layer (.118 - .236 in. diameter) above the cobbles prevents finer sediments 
within the soil column from passing into and filling the cobble voids. The 
gravel layer is covered with a soil of lower permeability than the gravel to 
contain any surface water infiltration and to sustain plant life in order to 
maintain the evapotranspiration levels normal for the area. Should a large 
storm event saturate the soil layer, capillary action would draw all or 
most of the water away from the site, due to its lower permeability, without 
penetrating into the gravel-cobble layer or into the contaminated zone. 

A.1.2 Design and Construction 

The barrier zone is the cobble layer. It must be of sufficient mass to 
deter burrowing mammals and of sufficient void space and depth to inhibit 
plant roots. The area above the site will be excavated to a depth adequate 
to contain the cobble layer and the supporting layers placed above. The 
cobble layer will be at most 2.5 feet deep. To protect the cobble layer 
from filling with smaller particles over time, a gradation of material 
sizes, decreasing towards the surface, is used to trap these finer particles 
as they migrate downward. A gravel layer above the cobbles, approximately 
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ten inches deep, will serve this function. Approximately 2.5 feet of sandy 
soil will be placed above this . 

An area above and to some prespecified distance laterally beyond t he 
contaminated zone will be excavated . A layer of cobbles will be placed at 
the bottom of the excavated pit with its upper surface kept level. The 
gravel layer will be placed and compacted above the cobbles, and backf i l l 
will be placed and compacted in six-inch lifts over the site up to the 
original grade. The remaining backfill will be placed and compacted over 
the site with the final surface grade designed to withstand wind erosi on and 
to promote surface water runoff . The depth of excavation of each site may 
be more or less than the five feet assumed in this Appendix. The control l ing 
criteria will be excavate enough soil so that backfilling of all excavated 
so i l will produce a surface grade adequate to withstand the elements . The 
compacted soil layer must be able to retain the designed-for storm intensity 
(like the 100-year storm) and prevent surface water from penetrating i nto 
the gravel-cobble layers. After installation, a monitoring plan will be 
implemented to ensure that the cap is effectively deterring deep rooted 
plants and burrowing mammals and that the integrity of the cap has not been 
impacted by subsidence, filling of the cobble voids, or by any unforeseen . 
factors that may be detected during periodic mon i toring. 

Excavation will require a bulldozer or backhoe , depending on the size 
of the site. Placement of the cobble, gravel and soil layers will be 
accomplished by a combination of backhoe and hand or bulldozer. Hand- held 
vibrating tampers will be used to compact the gravel and soil. The gravel 
and cobble will be imported by truck and the excess excavated soil will be 
exported by truck. 

In selecting a capping technique, the important factors to be 
considered include 1) the health and safety of the workers (excavation 
above a crib could result in sudden collapse of the crib itself; the 
excavated material may be contaminated and require specific health and 
safety gear) , 2) the environmental impact of excavating (wind may disperse 
excavated contaminated soil), 3) possible inundation by water (such as 
flooding of the sites near the Columbia River) , 4) design of the site to 
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handle a large storm event (like the 100-year storm), and 5) the 
expectation that the waste wi ll remain in place and degrade to acceptable 
radioactive levels or chemical concentrations within a reasonable time . 
Costs are also of concern; the gravel and cobble must be economically 
available. 

A.1.3 Advantages and Disadvantages 

Advantages of the gravel-cobble cap are that it is effective against 
plant root penetration and burrowing animals, it is not subject to rapid 
deterioration, and it does not appear to alter water balance relationships 
when installed correctly (Hakanson et al, 1982) . Since it does not 
deteriorate quickly, operation and maintenance costs should be low over the 
life of the cap. Disadvantages are that contaminants are sti l l onsite and 
musi be monitored and that subsidence may disrupt the cap . 

A.1.4 Remedial Action Schedule 

It is assumed that site reconnaissance and surveying have been 
performed during the earlier characterization phase . It is also assumed 
that a list of contractors cleared to work at Hanford is available , and that 
the contractor chosen to implement this remedial action will already be at 
Hanford and will be able to transfer equipment and personnel from a nearby 
site. 

The remedial action schedules are largely derived from the average daily 
output values given by construction cost guides (Means, 1985 and Dodge, 
1987). Some information has been taken from technical journals when it was 
more specific than the construction cost guides. 

Mobilization of equipment to the generic site and s i te setup take a 
day . Excavation to a depth of five feet using two backhoes wi ll take 24 days , 
installation of the gravel-cobble layers 19 days , and backfilling and 
compacting the site 53 days. Demobilization and decontaminat i on of 
equipment will require two days. A total of 19.8 weeks will be required fo r 
remedial action implementation. Post remedial action monitoring will 
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continue for 30 years following the remedial action implementation . 

A summary of the remedial action schedule for cap/cover is as follows: 

o Mobilization/Setup 
o Prepare and excavate site 
o Install gravel-cobble layers 
o Backfill and compact site 
o Demobilize and decontaminate site 

Total 

A.1 . 5 Resource Requirements 

0.2 weeks 
4.8 weeks 
3.8 weeks 

10.6 weeks 
0. 4 weeks 

19.8 weeks 

Excavation and backfilling of the site will require two backhoes, both 
of which will be used to excavate for several days. Four dump trucks will 
be required to remove excavated materials. So that large portions of the 
site are not exposed to the elements (wind or precipitation) for an extended 
period of time, ·the backhoes will be used to install the gravel-cobble 
layers and to perform backfilling operations on the fourth day. Ten dump 
trucks will be required during backfilling operations, along with four 
vibrating compactors (with operators) and eight laborers. The excavation and 
the gravel-cobble layer and backfilling operations will continue in tandem 
until completion of the gravel-cobble layers and the covering soil layer . 

The resource requirements are summarized as follows: 

Excavation (53-day duration) 

Manpower 

4 Teamsters (dump truck operators) 
2 Operating Engineers-Hoisting (backhoe operators) 
2 Oilers (backhoe support) 
2 Laborers (backhoe support) 
Equipment 
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2 Backhoes 
4 Dump trucks 

Laying gravel-cobble and backfilling (72-day duration) 

Manpower 

10 Teamsters (dump truck operators) 
6 Operating Engineers-Hoisting (2 backhoe operators 

and 4 vibrating compacter operators) 
2 Oilers (backhoe support) 
8 Laborers (backhoe support and soil compaction) 

Equipment 

10 Dump trucks 
2 Backhoes 
4 Vibrating compacters 

Materials 

7580 yd3 Cobble 
2530 yd3 Gravel 

A.1.6 Costs 

The depth of excavation for placement of the cobble layer is five feet. 
The cap is designed to extend 20 feet in all directions beyond the area of 
contamination. Side slopes of the excavated site will be 1:1. These 
criteria have been used to compute the areal extent of contamination for all 
sites that considered cap/cover as a remedial action. The average of the 
two median sites gave a cross-sectioned area of 9100 yd2 to be capped. This 
generic site was used for costing. 
It is assumed that eight hours are worked per day and that holidays are 
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ignored. All costs, except the cost of applying the cobble and gravel 
layers, have been taken from Dodge, 1987 . Table A.1 . 1 summarizes cost s for 
the cap/cover technology. 

A.1.7 References 

Dabrowski, T.E. 1973. Radioactive Tumbleweeds in the 100 Areas, United 
Nuclear Industries Report, UNI-65, Richland, Washington. 

Dodge Unit Cost Data. 1987. McGraw-Hill Information Systems Company. 

Hakanson, T.E., J.F.Cline and W.H. Rickard. 1982. Biological Intrusion 
Barriers for Large Volume Waste Disposal Sites, Proceedings of the Symposium 
on Low-Level Waste Disposal, pp. 289-308. 

O'Farrel, T.P. and R.O. Gilbert. 1975. Transport of Radioactive Materials 
by Jackrabbits on the Hanford Reservation, Health Phys. 29:9-15. 

U.S. Environmental Protection Agency. 1985. Remedial Action at Waste 
Disposal Sites. 

A-8 



TABLE A.1.1 CAP/COVER COSTS 

Labor(!): 

Hourly Rate 
($/hr) 

1 Site Superintendent 58 
1 Health & Safety Supervisor 48 
2 Radiation Safety Technicians (40% of time) 28 

(Additional labor cost for equipment 
operators included in equipment costs) 

Total Cost 
($/yr) 

$120,640/yr 
99,840/yr 
46,600/yr 

Subtotal $267,080/yr 

Equipment 

2 Backhoes w/operators and support ($2.49/yd3)( 2) $ 39,100 
10 Dump Trucks w/drivers 

1/4 mile round trip ($1.22/yd3) 19,200 
4 Vibrating Compacters w/operators and support ($9.25/yd3) 145,000 

Subtotal $203,000 

Materials & Safety 

Cobble, 2.5 ft thick ($7.19/yd2 installed)(3) $ 65,400 
Gravel, 10 in thick ($3.60/yd2 installed and compacted)( 4) 32,800 
Health and Safety (5 men including backhoe operator@ 

$25/day/man during excavation and laying of cobble 
only= 11 wks) 9,000 

Subtotal $107,200 

Total Cost= Equip+ Materials & Safety+ Labor for 11 weeks 

= $203,000 + 107,200 + (19.8/52) (267,000) = $412,000/unit site 

Unit Cost= $412,0~0/9,100 yd2 
= $45/yd 

((~))Kaiser Labor Rates 
Means 1987 

(3)Hakonson et al. 1982 (adjusted) 
(4)oodge 1987 
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A.2 GROUT-IN-PLACE 

A.2.1 General Description 

Grouting is a process whereby one of a variety of suspensions or f luids · 
is injected into an earth formation where it is allowed to set in place. 
The purpose of this process may be to impart additional strength to the 
formation, reduce the permeability of the formation, or, in theory, to 
stabilize and solidify a body of waste or soil in situ . It should be noted 
that waste stabilization/solidification using grouting techniques is not an 
established remedial technology and would requ i re further development before 
it could be used with confidence. 

Grout injection may be accomplished by a variety 9f techniques 
including curtain grouting, jet grouting, and area grouting. Curtain 
grouting involves creating an underground barrier wall by injecting 
columns of grout that overlap vertically and horizontally. Jet grouting 
employs a high-pressure nozzle . to cut a kerf ·in soil or soft rock where 
grout is allowed to set. Area or blanket grouting is a low-pressure 
technique for injecting and stabilizing shallow soils for reduced 
infiltration or increased strength. 

The three general classes of grout utilized today are as follows: 

o Suspension grouts 
o Chemical grouts 
o Bituminous grouts {Tiedemann and Graver, 1982; Bowen, 1981) 

Suspension grouts are the most common type of grout and include coarse 
grouts that contain particles in suspension. Cement, clay, and cement-clay 
grouts are in this category. These materials are usually the more viscous 
of the available grouting materials and have the largest particle size. 
These grouts are restr i cted to use in the grouting of fractured rock or 
coarse grained material. 
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Chemical grouts rely on polymerization reactions to form hardened gels . 
They have initially low viscosities and thus can be used in finer grained, 
cohesionless soils as well as a secondary treatment for grouting of coarse 
soils and rock fissures. Some chemical grouts such as urethane can be 
suspensions that undergo polymerization to form a gel. This class of grout 
is comprised of two subclasses: silicate~ and organic polymer grouts. 

Bituminous grouts can be either emulsions of bitumen in water or 
asphalts. These grouts can be used to seal soils, fill rock cavities, or 
construct thin cutoff walls. 

A.2.2 Design and Construction 

The nature of the earth materials at a site will greatly influence the 
type of grout to be used. If soil materials are to be grouted, the 
characteristics that must be determined include: 

o Permeability 
o Porosity 
o Particle size distribution 

Permeability will influence the selection of grout type (particulate or 
chemical) to be used, the allowable viscosity, and the required injection 
pressures (Bowen, 1981). The porosity, or voids ratio, will give an indica
tion of the amount of grout a unit volume of soil will "take," and how 
rapidly grout may be injected (Herndon and Lenahan, 1976a). The particle 
size distribution indicates, among other things, the presence of large 
particles that could interfere with grout injection. 

After a detailed site and waste characterization is completed, a grout 
capable of being injected into the treatment area and immobilizing the 
wastes must be formulated. For this discussion, it is assumed that a 
chemical grout is suitable for the alluvial deposits found at Hanford and .is 
also capable of solidifying the waste deposits and immobilizing their 
hazardous const~tuents. In actual practice, bench and pilot scale testing 
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would be required on a site-specific level to determine if these assumptions 
are valid . 

Based on background and exploratory data, the location for a pattern of 
primary injection holes is chosen and injection at one or more zones i s 
identified. Based on field experience in similar soil types, it was 
estimated that the primary holes would be on 20-foot centers . The fir st few 
primary holes are then drilled and slotted grout pipes installed (Millet and 
Engelhardt, 1982). Background and exploratory data are also used to 
identify each vertical zone or stage to be grouted. The grout pipe, usually 
small diameter ·pvc pipe, is then slotted to allow grout · penetration in t o the 
formation. Starting at the bottom, successive stages are sealed off using a 
pneumatic packer and then pressure grouted. Each hole is then pressure 
tested, often using a nonsetting fluid of the same viscosity as the grout. 
These tests are used to determine the initial grout mixture and are often 
conducted using the grout p1ant and other equipment to be used for the 
actual grouting (Millet and Engelhardt, 1982 and Karol, 1982a). 

Each zone within each primary hole is then injected with the grout 
mixture until a predetermined amount is pumped (grout take) or a 
predetermined flow rate at maximum allowable pressure is reached. Maximum 
allowable pressure is typically around 1 pound per square inch (psi) per 
foot of overburden (Millet and Engelhardt, 1982). Data from the drilling 
and injection of the first primary holes is analyzed and, if necessary, the 
grout mixture or injection pressure modified before completing the remaining 
primary holes. Following completion of the primary hole grouting, the 

· program is again analyzed, necessary changes made, and a pattern of more 
closely spaced secondary holes drilled and injected. 

The analysis and evaluation of the completed grouting becomes, in 
essence, another pressure test. Close quality control during drilling and 
grouting identifies areas that require tertiary hole grouting to complete 
sealing. Such areas are identified by faster than expected drilling rates 
and higher than expected grout takes (Millet and Engelhardt, 1982). For a 
successful grouting program, each hole series (i .e., primary, secondary) 
will have lower grout takes than the previous one. Many projects will 
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require that proof holes be drilled and injected. A very low grout take on 
tertiary or proof holes indicates that most voids are grout filled and the 
grouting program was successful. 

A.2.3 Advantages and Disadvantages 

The greatest advantage of grout injection, if it can successfully be 
accomplished, would be the in-situ immobilization of hazardous constituents 
until they can decay or be recovered for treatment. Other advantages 
include minimization of human contact with the wastes and the absence of 
operation and maintenance costs for the completed remedy. 

The major disadvantage of this technique lies in its unproven nature. 
Any application of it. has to be custom tailored to both the geohydrologic 
conditions of the site and to the characteristics of the wastes present . 
The state -of-the-art of grouting for hazardous material control is such that 
each proposed waste/grout combination must be thoroughly tested to predict 
effectiveness of immobilization. Also, because each application of this 
technique is experimental, long term effectiveness is not known. 

A.2.4 Remedial Action Schedule . 

The following estimated schedule is based on pressure injecting 
phenolic resin grout into the soils of a site measuring 370 feet square , to 
a depth of 160 feet. The soils are presumed to be relatively uniform sands 
with a porosity of 20 percent. Grout injection holes will be located on 20 
foot centers, and 400 primary and 361 secondary holes, each 160 feet deep 
will be required. It is assumed that one rig can drill grout holes at a 
rate of 3 per week. 

Each grout plant will be manifolded to six grout pipes and can pump 
four cubic yards (yd3 ) of grout through each pipe per day. Twelve grout 
plants will be used. Working a five-day week, total grouting capacity will 
be 1,440 yd3/ week, or 374,400 yd3 per year with a soil porosity of 0.20. 
Based on these estimated quantities, the following represents the estimated 
remedial action schedule. 
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o Mobilization and Site Preparation 
Drill Rig 
Grout Plants (12) 

0. 5 weeks 
6.0 weeks 

o Drilling 761 holes, three holes/rig/week, three rigs 84 . 5 weeks 

o Grouting (162,250 yd3) 
Primary Holes 126,555 yd3, 1,440 yd3/week 
Secondary Holes 35,695 yd3, 1,440 yd3/week 

Total 

A.2 . 5 Resource Requirements 

87.9 weeks 
24.8 weeks 

119.5 weeks = 

2.3 years 

The labor requirements for grout-in-place can be divided into three 
categories: supervisory personnel, drilling crews, and grouting crews. The 
supervisory personnel would include one site supervisor overseeing all 
onsite operations, three labor foremen overseeing drilling and grouting 
efforts, and one radiation protection technician observing only the drilling 
effort. Each_ drill rig would be manned by a lead driller and a driller's 
helper. Each grout plant would be manned by a crew of four who would mix, 
test, and inject the grout. 

I 

Equipment for grout hole drilling would be limited . to a truck and a 
track or skid-mounted drill rig, outfitted with a minimum of 170 feet of 
small diameter hollow stem auger. Miscellaneous small tools are standard 
rig equipment. Each grout plant would consist of a grout mixer, an 
agitator, a grout pump, a pressure transducer with recorder, a manifold, 
piping, and a sleeve grout pipe. 

The principal materials needed for this effort would be reusable grout 
pipe of sufficient length to reach the bottom of a grout hold and extend to 
the grout plant manifold and the grout formulation itself. A typical 
phenolic resin grout would consist of a polyphenolic polymer power that is 
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soluble in water , a catalyst such as a formaldehyde solution, and an 
activator , usually a metal salt such as ferric chloride. 

A.2 .6 Costs 

The equipment involved in injecting grout includes a drill rig for 
drilling injection holes and a grout plant for mixing and injecting the 
grout . The drill rig would employ at least two operators and the grout 
plant at least three. The following costs are based on grouting an area 
sufficiently large for the crew to work in the same area for a full year . 
It is assumed that a phenolic resin grout would be used . 

Table A.2.1 summarizes the grout injection costs, which are based on 
Means, 1985, updated using the ENR Construction Cost Index for 1987 (June). 
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TABLE A.2.1 GROUT INJECTION COSTS 

Labor 

1 Site Supervisor 
3 Labor Foremen 

48 Laborers (12 4-man Grout Crews) 
1 Radiation Protection Technician 

Equipment 

Drilling Cost ($100/ft) 
(3 rigs x 3 hole/wk x 160

3
ft/hole) 

12 Grout Plants ($282/day)l J 

Materials and Safety 

Phenolic Grout ($150/yd3)(3) 
Health and Safety ($25/day/man x 7 men) 

(Drilling crew only) · 

Volume of Soil Grouted: 

Hourly Rate 
($/hr) 

53(l) 
44(l) 
20( 4) 
2a(l) 

Subtotal 

Subtotal 

Subtotal 

Total Cost 

Annual Cost 
($/yr) 

120,640 
274,560 

1,996,800 
58,240 

$ 2,450,240 

7,488,000 
1,235,000 

$ 8,723,000 

11,232 , 000 

45,500 

$11,277,500 

$22,450,000 

4yd3/hole/day x 6 holes/plant x 12 plants/site x 260 days= 374,400 yd3 
.20% Soil Porosity year yr. 

Unit Cost= $22,450,000/yr. = $60/yd3 of soil 
374,400 yd/yr. 

Sources: 

(l)Kaiser Labor Data 
~j~SAIC Field Experience 

(4)Means (1985 x 1.07) 
Dodge 
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A-3 IN-SITU VITRIFICATION 

A.3.1 General Description 

Vitrification involves the m1x1ng of waste with molten glass at a 
temperature greater than l,300°c. At this temperature all of the 
combustibles are completely burned away, including the various organic 
chemicals. Vitrification offers the greatest degree of containment, s i nce 
the resultant solids formed generally have very low leach rates. The 
process is being employed on radioactive and highly toxic waste. 

In-situ vitrification involves encapsulating previously burned wastes 
in a glass matrix without first exhuming the waste and is limited in i t s 
application to shallow depths and soils with low moisture content. 
Electrodes embedded in the ground are used to facilitate classification of 
the soil. The process is extremely energy intensive; therefore, costs can 
be very high. 

A.3.2 Design and Construction 

The vitrification process is most effective at level grades . For those 
sites that are on slopes, excavation and grading may have to be performed. 
The excavated soil (a maximum of ten feet), is assumed to be uncontaminated 
and will provide backfill after the vitrification process . 

Upon completion of vitrification activities at a site, the area and 
equipment are decontaminated. Contaminated equipment with further useful 
life can be kept in the "hot" area when not in use. Contaminated electrodes 
with no useful service life would be decontaminated then disposed of. Other 
transportable equipment is taken to the decontamination trailer for washing. 
Standby parts and equipment are decontaminated on a scheduled basis. During 
the disassembly and repair, direct contact and exposure to personnel should 
be minimized. 

The equipment and materials required to conduct in -situ vitrification 
include: 
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1. Electrodes: 2-inch diameter, 6-foot long molybdenum rods with 
threaded connection, covered by a I-inch thick graphite sleeve 
(reusable component; decontamination required). Flaked graphite 
and glass frit. 

2. Off-gas hood: 16-gauge stainless steel panels, bolted and gasketed 
and supported by trusses and beams. Backfilling around the lower 
edge (skirt) to minimize leakage; system pressure at six inches 
of water . 

3. Control trailer: power system for vitrification. Pilot 
design at Hanford Reservation utilized a Scott-Tee transformer 
connection for conversion of 3-phase input into a balanced 2-phase 
output configuration; site management and health physicist 
offices. 

4. Off-gas trailer: scrubber system for inorganic fumes and 
radioactive particulates entrained i~ the off-gas from the 
vitrified mass. Process equipment includes indirect cooling, 
direct quench, two -stage, high pressure venturi scrubber, and 
wastewater collection tank. 

5. Support trailer: electrical system hardware including glycol 
cooling unit. 

6. Excavation equipment: bulldozer, earth mover, front end loader, 
and truck. 

7. Crane: supports, and diesel generator. 

8. Drilling equipment. 
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9. Decontamination trailer: wash tanks, high-pressure water, 
detention tanks, pumps, filtration system, and drip pans. 

10. Power line. 

A.3.3 Advantages and Disadvantages 

The advantages of using in-situ vitrification at Hanford Reservation 
are as fo 11 ows: 

1. The technology has been demonstrated at the Hanford site. 

2. The remaining chemical and radioactive contaminants are 
immobilized in a glass matrix with low leachability, thus 
minimizing future environmental contamination. 

3. Safety and health of workers is minimized because the waste is 
left safely in place, thus reducing dust (radioactive) and 
landfilling (contact with worker) problems. 

The disadvantages of using in -situ vitrification at Hanford Reservation are 
as follows: 

1. In-situ vitrification only immobilizes the contaminants in the 
upper 50 feet or so of soil and has no effect on contaminants that 
have already migrated below this elevation. 

2. Cost can become very high because of the large energy consumption. 

A.3.4 Remedial Action Schedule 

Mobilization of equipment, setup of equipment, site preparation for the 
first run, drilling of the electrode holes, and placement of the electrodes 
will take approximately two to three weeks. Preparation of the next area 
can be performed concurrent with other activities and does not impact the 
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- - - - --- - ·· - - - - ------

schedule. Changeover of the hood between runs takes 20 hours with a 300 
hour run time, 320 hours per l,360yd3, or 24 hours per hundred cubic yards . 

For a 100 feet by 100 feet site the total time work is being performed 
onsite will be two weeks for mobilization and setup and 21 weeks for 
vitrification. Backfilling is based on spreading and compaction at a rate 
of 315 yd3/day . This will require four six yd3 dump trucks each moving 85 
yd3 of soil per day two miles to the site. At these rates the backfilling 
will take three weeks. 

A.3.5 Resource Requirements 

Typical large earth-moving equipment including front end loaders, dump 
trucks, and graders will be required for excavation and backfilling. During 
vitrification, a front end loader, a truck, drilling equipment , and a crane 
capable of moving 25 tons will be required. All items will be leased; 
however, the crane will be rented and two operators will be employed as 
needed. 

The site work and vitrification support costs includes equipment, 
labor, and supervision (a site manager· and site engineer). The vitrificat i on · 
support crew would be staffed in three shifts , seven days a week, requiring 
four two-man crews . See A.3.2 for a list of equipment and materials. 

A.3.6 Costs 

The costs are based on a large scale in-situ vitrification study 
conducted at Hanford. The capital costs have been estimated in 1987 
dollars. The vitrification costs are based on a process time of 320 hours 
(vitrification - 300 hours; demobilization, including decontamination - 20 
hours). The vitrification is conducted on a trench 35 feet by 35 feet by 30 
feet deep (1,360 yd3). ~oil initially excavated from the vitrification ar ea 
is stockpiled and later used to backfill the excavated contaminated areas. 
(Contaminated soil excavated during site preparation would be landfilled and 
replaced with clean soil . ) 

A-21 · 



The basic cost associated with in-situ vitrification is given as 
$389/yd3 (Batley-1987), but does not include heath and safety costs 
associated with working on radiological sites or the cost of backfilling the 
depression. This depression consists of the ten feet of excavated soi l plus 
an additional 20 percent compaction of the vitrified zone, for a total of 18 
feet. Table A.3.1 summarizes the costs for in -situ vitrification. 
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TABLE A.3.1 IN-SITU VITRIFICATION COSTS 

Basic Vitrification: $386/yd3 

(includes: labor, vitrification system, electricity, 
site preparation and closure, electrodes, 
support operations maintenance, supplies, 
and waste disposal) 

Health and Safety (H&S): 

$25/day/man, 10-man crew for 21 weeks 
(four 2-man crews, site managers, site 
engineer) = $36,750 

H&S cost increment= ($36,750)/(14,800 yd3) = 

TOTAL COST 

Source: Batley, 1987 
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A.4 GROUNDWATER RECOVERY/TREATMENT 

A.4 . 1 Soil Flushing 

A.4.1.1 General Description 

Soil flushing historically has been a technique used for uranium 
extraction and production at mining operations . Soil flushing involves 
selective leaching of radioactive material from contaminated soil by use of 
chemical solutions injected into the soil column. 

Soil flushin~ of radioactively contaminated soil columns has the 
advantage of reducing quantities of strontium-90 and cesium-137 typically 
contained within the Hanford Reservation vadose zone. The applicable 
geological environment for soil flushing is determined by a site-specific 
assessment of the amount of radioactive material in the soil column. 

A.4.1.2 Design and Construction 

There are two major components associated with a soil flushing 
operation: a surface plant to process inject~d solutions and treat 
contaminated fluids, and a well system comprised of injection and 
production wells equipped with pumps to inject and produce fluids. In 
addition, chemicals are used to enhance the extraction of contaminants from 
the groundwater and soil. 

During site preparation, the design and performance of soil flushing 
activities are affected by many factors. Among these are well spacing, soil 
and groundwater contaminant types and levels, degree of water saturation and 
fluid conductivity of the soil, chemical activity of the soil with respect 
to the groundwater and its constituents, and areal extent and depth of 
contamination. 

A surface plant is required for recovery and treatment of contaminated 
liquid pumped from the soil column . This facility will be a mobile 
wastewater treatment unit capable of precipitating heavy metals and 
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radionuclides out of solution. The precipitate will be encapsulated and 
disposed at a landfill. The surface plant will treat groundwater pumped 
from each site prior to reinjection of groundwater and/or solvents into the 
soil column. This circulation pattern will be repeated for a number of 
cycles. 

A.4.1.3 Advantages and Disadvantages 

The greatest advantage of soil flushing is that it does not involve 
excavation and transport of large volumes of contaminated soil. The major 
disadvantage of soil flushing is that the technique is unproved for 
decontamination of radioactive and chemically contaminated soil columns. 
Application would require site-specific analysis of the geology. 
Furthermore, this technology may not result in the desired level of site 
decontamination. 

A.4.1.4 Remedial Action Schedule 

The construction schedule for the well system involves the following 
activities: 

1. Site preparation and drilling of wells. 

2. Mobilization of contractors and equipment and setup of equipment . 

3. Circulation of treatment fluids through the contaminated soil 
column. 

4. Decontamination and demobilization of equipment. 

Based on a treatment volume of 25 feet by 25 feet by 250 feet, circulation 
of 80 gpm, and two wells for this treatment volume, the respective time 
periods for the above activities are as follows: 

o Mobilization/setup 
(Assumes delivery of modular 
and portable treatment facility) 
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0 

0 

0 

Site preparation/dri lling 

Treatment of soil 
(Assumes 10 pore vol ume flushes 
of soil pores at 20% porosity) 

Decontamination/Demobilization 

Total 

2 weeks 

12 weeks 

1 week 

17 weeks 

A.4 . 1.5 Resource Requirements 

Manpower requirements for installation and operation of a soil flushing 
operation consist of the following: 

1. Overall project management and supervision of wells and surface 
processing facilities. Experience in geotechnical well drilling 
and chemical process engineering. A total staff of three to six, 
depending on the size and technology used. 

2. Operation and maintenance of the well and surface facilities. 
This requires operator experience with mechanical and chemical 
process equipment, and equipment used for radioactive 
decontamination. A total staff of four to eight, depending on the 
size and technology used. 

3. Support of health and safety engineer. 

Equipment required for soil flushing includes: drilling rigs; well 
tubing and casing; down hole well pumps; injection pumps; pumps for 
circulation fluids through chemical processing equipment; chemical 
processing equipment for decontamination of radioactive solutions, ion
exchange columns, mixer/settlers, filtration slurries, and storage tan ks; 
and safety equipment for hazardous and radioactive materials. 
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Materials required for soil flushing include: acids and bases; lime; 
solvents; ion-exchange resins; and filter media. 

A.4.1.6 Costs 

The cost for soil flushing does not include a surface recovery 
concentration facility. The groundwater pump and treatment technology, 
which operates in tandem with soil flushing, has projected .costs for a 
surface treatment facility and the associated solid waste disposal cost. 
Table A.4.1 summarizes the costs associated with solution mining techniques. 

The following assumptions are used to develop a unitized cost for site 
remediation at the Hanford Reservation using soil flushing: 

o Two wells are required to treat an area 25 feet by 25 feet by 250 
feet 

o Wel 1 costs of $200 per foot of depth · 

o The wells would treat 156,250 ft3 of nominal soil volume, with 20 
percent porosity (2900 yd3 of soil per well) 

o Soil treatment cost are $1.60/ton at 100 ppm solution 

o Pumping rate of 80 gpm (40 gpm per ·well). 

A.4.2 Groundwater Treatment 

A.4.2.l General Description 

Treatment of the water removed by the groundwater pumping system will 
be performed in two stages. The first stage involves the removal of 
contaminants by chemical addition and sedimentation in a clarifier and 
filtration through a dual media sand filter and an activated carbon bed. 
The second stage involves selective ion-exchange for the removal of 
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TABLE A.4.1 SOIL FLUSHING COSTS 

Labor(l) 

1 Foreman 
0.7 Laborers 

Equipment 

Drilling $100/ft (250 ft, 2 wells) 
Pumping (pumps, pipes, mix tanks) 

80 gpm plant, assembled onsite 

Materials and Safety 

Chemicals $160/ton (19.5 x 106 gal of 
water at 10,000 gpm) 

Health and Safety 
(8 men@ $25/day/man, 15 weeks) 

Volume of Soil Flushed, 5,800 yd3 

Unit Cost= $204,000 = $35/yd3 

5,800 yd3 

Capital Cost $80 ,000, 1/yr recovery. 

Sources: ( 1) Kaiser 

Hourly Rate 
($/hr) 

44 
25 

Subtotal 

Subtotal 

Subtotal 

Total 

Other data obtained through SAIC internal data 
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21,120 
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$105,120 

50,000 

18,500 

$68,500 

15,600 

15,000 
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strontium and cesium, followed by a mixed bed polishing demineralizer unit. 
Process flow rates up to 100 gallons per minute can be realized for systems 
of these types in mobile units that could be moved from site to site. 

A.4.2.2 Design and Construction 

Although the CERCLA sites are not identical, the general approach to 
treatment of groundwater pumped from the sites will be similar. Differences 
will obviously exist between sites that contain NH3 wastes vs. CN wastes, 
but these differences do not weigh heavily in the overall site cleanup costs 
and are not addressed in detail here. These details must be identified when 
the individual site characterizations are performed. 

The wastewater treatment trailer will consist of a chemical feed system 
for pH control and precipitation of the heavy metals such as chromium and 
lead in the clarifier along with uranium and plutonium. Fine particulate 
matter will then be removed in the dual media sand filter. The water then 
passes through an activated carbon bed for removal of volatile organic 
carbon (VOC). While the available data on these 81 CERCLA sites mentions 
disposal of organic wastes for some but not all of the sites, the activated 
carbon bed is considered part of the system for radionuclide removal, 
particularly cobalt-60. 

Second stage treatment involves the use of ion-exchange resins 
specifically selected for removal of cesium and strontium. These units are 
also trailer mounted and can include additional mixed bed units should they 
be required for additional chemical or radionuclide removal . 

The clean water will be acceptable for unrestricted release, although 
it is expected that it will be reused as part of the groundwater flushing 
process. Finally, it is assumed that the generated solids (i.e., sludges) , 
consisting of spent carbon and depleted resins, will be solidified prior to 
disposal. 
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A.4.2 .3 Advantages and Disadvantages 

The advantages of this technique are that it i s highly flexible in 
operation and design, suitable for treatment of a wide range of organ ics and 
heavy metals, tolerant of some fluctuations in concentration and flow , and 
relatively inexpensive. The disadvantages are that it is intolerant of 
high suspended solid levels; unsuitable for removal of low molecular weight 
organics and highly soluble, highly ionized organics; limited i n practice to 
wastes with less than 10,000 ppm organics; and requires pretreatment for oil 
and grease removal where concentrations are greater than ten ppm. Spent 
resin has the potential for containing high concentrations of contaminants 
and therefore requires costly pretreatment prior to di sposal. 

A.4.2.4 Remedial Action Schedule 

The remedial action schedule , which consists of setting up and 
operating a groundwater pumping and treatment system, is the same as t hat 
for soil flushing. Thus, 18 days will be required for every two milli on 
gallons of groundwater treated, based on an estimated treatment throughput of 
80 gallons per minute (gpm), 24 hours per day. 

A.4.2.5 Resource Requirements 

It is estimated that four crews of two persons each, including a crew 
supervisor and seven skilled laborers , are required to operate the two 
mobile wastewater treatment units. The skilled laborers include health and 
safety technicians. 

Equipment includes one chemical treatment trailer and another tra i ler 
for radionuclide treatment. Materials include chemicals, activated car bon, 
and sand filter for the chemical wastewater treatment unit and resins for 
the radionuclide treatment unit. Additionally, safety equipment is required 
for all workers assigned to the unit . 
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A.4.2.6 Costs 

Waste Water System 

The capital ~osts of the first stage trailer is $500,000 and has been 
assumed to be spread over five years. Chemical costs are estimated at 
$120/day. Safety equipment costs $25/day/man for protective clothing such 
as gloves and may run higher during hot weather, as high as $100/day/man if 
respirators are· needed. The 28,000 pound carbon bed is replaced twice each 
year at a current cost of $0.90/pound. 

It is expected that the equipment will be operated around the clock 
using four cre~s of two men each for a total of eight men. One of these 
will be a supervisor. It is expected that this crew would also operate the 
radionuclide removal system. 

Radionuclide Removal System 

. The capital cost of this equipment, trailer mounted, is estimated at 
$100,000, also with a fiv~ year de~ign life. The only other costs 
associated with this operation are for the resins and the processing of 
these resins into a form suitable for disposal. For the purpose of this 
analysis it is assumed that these waste products will be solidified. 

The resins will be nuclear grade cation resins specifically designed 
for selectively removing only cesium and strontium at a cost of 
approximately $1,000/ft3. Current commercial solidification systems 
for mobile processing cost between $50 and $70/ft3 . This analysis 
uses a value of $50/ft3. 

The analysis of resin usage is based on the removal of 21,000 curies of 
strontium and cesium from a column of water roughly equal to the quantity of 
liquid disposed of in these sites. It is further assumed that the maximum 
cesium loading on the resin will be 0.5 uCi/cc which will result in a 
maximum contact dose rate on the demineralizer of 200 mR/hour . 

A-31 



Cost Summary 

As shown in Table A.4.2, the combined cost of the chemical treatment system 
and the radionuclide removal system, results in a total cost of $29/1,000 
gallons or $12/cubic yard of soil flushed. 
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TABLE A.4.2 WASTEWATER TREATMENT COSTS 

Hourly Rate 
($/hr) 

Labor(!) 
1 Supervisor 
7 Skilled Laborers 

Equipment 
1 Chemical Treatment Trailer, $500,000 

over 5 years 
1 Radionuclide Treatment Trailer, $100,000 

over 5 years 

Materials and Safety 
Chemicals (for Chemical Treatment Trailer) 

($120/day) 
Carbon replacement ($28,000 lb@ $.90/lb, 

twice/yr) 
Sand replacem3nt ($1,000/bed,

3
once/yr) 

~~f~~h~~~
0
R:~i~{r(~0~

1
f~g~~~tx)$100/ft3) 

Health and Safety ($25/day/man, 8 men) 

Waste Treatment & Disposal 
Sludge from 31arifer (3,650 ft3/yr) 
Sand (100 ft /Sr) 
Carbon (400 ft 3/yr) 
Resins (750 ft /yr) 

Processing Cost (4,900 ft3/yr@ $50/ft3) 

Disposal (4,900 ft3/yr@ $8/ft3) 

44 
25 

Subtotal 

Subtotal 

Subtotal 

Subtotal 

Total Cost 

System Throughput@ 80 gpm = 4.2 x 107 gal/yr 
3 Unit Cost = $29/1000 gal, or $12/yd 

Sources: ( 1) Kaiser 
Other data obtained through SAIC internal data 
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91,520 
364,000 

$ 455,520 

100,000 

20,000 

$ 120,000 

44,000 

50,000 
1,000 

150,000 
60,000 
73,000 

$ 378;000 

245,000 

39,200 

$ 284,200 

$1,238,000 



A.5 EXCAVATION, TREATMENT, AND DISPOSAL OF CONTAMINATED SOIL 

A.5.1 General Descr i ption 

One of the recommended remediation techniques for hazardous waste sites 
is excavation of waste materials, which includes removal of the contaminated 
soil, waste containers, and waste; treatment to immobilize the hazardous 
components of the waste, and disposal of the treated waste in an approved 
disposal site. Excavation , removal, and hauling of the waste to the 
disposal site is usually accomplished with conventional heavy construction 
equipment . 

A. 5.2 Design and Construction 

This section describes conventional equipment and methods for the 
excavation, removal, treatment, and disposal of contaminated soil, sludge, 
and other solid waste material . 

Because of the nature of this action, in which contaminated soil is to 
be exposed to the elements, it has been determined that an enclosure will be 
required for the excavation area. The scenario developed for this 
remediation technology is based on a prefabricated steel building on a 
concrete foundation . The building is equipped with an "airlock" type 
entrance large enough for construction equipment to enter. The building is 
not necessarily airtight, but will be under negative pressure at all times 
to prevent leakage of contamination. This negative pressure is maintained 
by an air ventilation system that exhausts through a filter system , 
typically a particulate filter and activated carbon filter. The air would 
be continuously monitored for radioactivity. A separate "clean-room" or 
dther small structure would be located inside the cover structure to provide 
for office space, a change area, lunch room, and rest room facilities. 

·There is a wide range of heavy construction equipment that can be used 
for digging and loading. This includes a trencher, dragline, belt loader, 
wheel bucket excavator, backhoe, dozer and loader, and crane. However, not 
all of this equipment is applicable for excavation at a hazardous waste site 
(USEPA, 1985) . While conventional equipment may not be appropriate in these 
cases, conventional equipment costs and capacities were used in this 
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analysis. The error introduced in the unit cost is minimal since equi pment 
costs are a small fraction of the total cost. 

Excavation was assumed to be performed by a backhoe with a boom or 
dipper stick, with a hoe dipper attached to the outer end. The unit is 
usually a crawler-mounted, hydraulically operated vehicle. The maximum 
reach of the boom ranges from 35 to 70 feet. Theoretical production rate 
for a backhoe is from 360 cubic yard (yd3)/day for a 1 yd3 bucket to 1200 
yd3/day for a 3.5 yd3 bucket (Godfrey, 1984). 

Dozers and loaders are usually fitted with a hydraulic controlled blade 
and bucket lift, and can be either crawler-mounted or equipped with rubber 
tires. Crawler dozers equipped with blades have tremendous earth-moving 
power and are excellent graders. The dozers are usually used in combination 
with other excavators such as backhoes. Front-end loaders are tractors 
equipped with buckets for digging, lifting, hauling, and dumping materials. 
They can carry materials as far as 300 feet from the digging area (USEPA, 
1985). Depending on the type of bucket capacity, crawler loaders can 
theoretically produce from about 500 to more than 1200 yd3/day (Godfrey, 
1984). 

Due to the inherently hazardous nature of the material, manual handling 
is not desirable . For this reason is has been assumed that excavated waste 
material will be loaded into a hopper arrangement and meter- fed into 
standard 55 gallon drums. These drums will be capped , checked for ext ernal 
contamination, and transferred by roller conveyor to the truck loading 
station located outside the cover structure. Excavated and drummed waste 
materials must be transported either to an onsite treatment facility or 
directly to the approved disposal site. 

In either case the filled drums will be loaded onto flatbed tractor 
trailers using standard forklifts equipped with four-drum grapples. Each 
truck will be capable of carrying approximately 60 drums weighing 
approximately 25 tons. Payloads greater than this would require an 
extensive road construction program which is not considered warranted . . 

Contaminated soil excavated from the site can be disposed of directly 
at an engi neered and permitted disposal site if the contamination level is 
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within the disposal limitation currently promulgated under RCRA regulation . 
However, if the waste concentration does not meet the RCRA requirement, the 
excavated contaminated soil should be treated prior to final disposal . 
Treatment techniques for contaminated soil include thermal destruction, 
solidification, and chemical treatment. Among these treatment techniques, 
thermal destruction is probably the most costly process for removing 
contaminants from the soil. 

Thermal destruction is a treatment technique that uses high temperature 
oxidation under controlled conditions to break down the waste into basic 
constituents such as co2, H2o vapor, so2, NOx, HCl, gases, and ash. Waste 
products such as noxious gases generated by this technology should be 
controlled using air pollution equipment to prevent the release of 
undesirable chemicals into the environment (Kaiser Engineers, 1987). At 
present, there are more than 20 different thermal destruction technologies 
that appear suitable for hazardous waste treatment. However, only rotary 
kilns and hearth incinerators are proven technologies that have been 
commercially and industrially used to treat hazardou~ and toxic wastes 
(SAIC, 1987). 

Solidification of contaminated soil can be achieved by direct mixing of 
the soil with a solidification agent such as cement, silicates, or 
thermoplastics to form a monolithic block of waste with high structural 
integrity. The contaminants may not interact chemically with the solidifier 
but are mechanically locked within the solidified matrix. The effectiveness 
of this method is rather short-term, since the waste could be leached out of 
the matrix over a long period of time due to the porous nature of cement and 
grout. 

Vitrification is also considered as a solidification technology. In 
this case, the waste is combined with molten glass at a temperature of 
l,3S0°c or higher. With this technique, the waste is either stable or 
totally destroyed during the processing. An in-situ vitrification technique 
is discussed in Appendix A.3. 

Chemical treatment of contaminated soil consists of applying chemicals 
to the soil to mobilize the contaminants for extraction. Soil flushing with 
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surfactants, dilute acids and bases, and water are used to mobilize the 
contaminants for extraction. This technique is discussed in Section A.4. 

Excavated contaminated soil meeting the disposal limitation under RCRA 
regulation, and treated soil are assumed to be disposed of onsite, since it 
is envisioned that the amount of excavated waste materials would be too 
enormous to be disposed of offsite. Therefore, it is assumed that an onsite 
RCRA-permitted, engineered disposal site will be established to handle the 
disposal of the excavated soil. 

A.5.3 Advantages and Disadvantages 

Excavation, packaging, removal, treatment and disposal of contaminated 
soil are functions performed extensively in hazardous waste site 
remediation. There are no definite limitations on the types of waste that 
can be remediated by this technique. However, worker health and safety 
needs to be considered during the selection of this technique for removing 
explosive, reactive, highly toxic and radioactive waste materials. 

Excavation is applicable for ail types of waste sites and condit i ons, 
although it may become cost-~rohibitive at great depths or in complex 
geologic formations. Also, due to the potentially great health and safety 
risks faced by workers, this technique may not be applicable for high ly· 
reactive waste sites such as underground tank farms that may still contain 
highly radioactive residues. In this case, other alternatives such as in
situ treatment technologies should be considered for remediation. 

A.5.4 Remedial Action Schedule 

Site activities begin with site clearing and laying of the cover 
building foundation footings. The length of time required for these 
activities is dependent on the size of the site, but is assumed to require 
30 days, with an additional 30 days of curing before erection of the 
building can start. The erection of the building is also based on building 
size and is estimated to take one working day per 1000 ft 2 area. For most 
of the sites, this will require from several weeks to a few months. 
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During this period , all of the drum handling equipment and other 
support services can be installed. Once the building is erected, the 
excavation will proceed at a rate of 630 yd3/day. Once excavation of the 
site is completed, backfilling, using uncontaminated native soils, will 
begin. Initially, approximately five feet of soil will be backfilled over 
the base of the excavation pit to cover any contaminated soils that were not 
excavated . Once this is done, the cover structure will be decontaminated 
and disassembled. Backfilling will continue until the site has been filled 
to the original grade. 

A.5.5 Resource Requirements 

Erection of the cover structure will require conventional excavation · 
equipment, but not to depths which could result in exhumation of the 
disposed waste, i.e., two to three feet for foundation footers. With the 
building finished, a single backhoe (or front end loader) will be used to 
dig soil and transfer it to the drum loadtng equipment. Powered drum 
conveyors transport the filled, clean drums outside to a loading dock where 
as many as seven forklifts move the drums onto flatbed trailers. Seven 
forklifts are needed based on a production rate of 630 cubic yards of soil 
per day. Each· drum can hold seven cubic feet. Therefore, 2430 drums are 
needed daily, or approximately five drums per minute must be loaded onto a 
trailer. Each forklift can be equipped to pick up four drums at a time. If 
each forklift takes five to six minutes to pick up, move, and set down four 
drums and return to the pickup point, approximately six to seven forklifts 
are needed. 

At the drum loading rates identified above, it will take approximately · 
30 minutes to load a truck and 30 minutes to unload it. If the travel time 
to the disposal site is also 30 minutes, a complete round trip will take two 
hours. In this event, each truck can transport 240 drums per day, for a 
total of ten trucks required per site. Backfilling of the excavated pit 
will proceed at 630 yd3/day. 

A.5.6 Costs 

The costs associated with the excavation of a site have been broken 
down into five categories: labor, equipment (leased or rented), materials 
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and safety, capital equipment, and disposal. A sixth cost associated wi th 
the thermal destruction via rotary kiln incinerator is also listed. 

Labor costs include~ site superintendent; one labor foreman; six 
laborers associated with the drum filling, loading and decontamination ; and 
a clerk to keep records on the progress of work, time sheets, and drum 
marking. A radiation site manager is also required, as are three radiation 
safety technicians, one working at the excavation area providing continuous 
monitoring, and two working on the drum decontamination and marking/labeling 
efforts. Hourly labor rates are shown in Table A. 5.1. 

Rental rates for a backhoe, seven forklifts, and ten tractor trailers 
(including operators), in addition to a detailed breakdown of the various 
equipment that must be purchased to perform the excavation work are provided 
in Table A. 5.1. The total cost of the building, utilities, and ancillary 
equipment is only four percent of the total cost. Therefore, while some 
costs are based on field experience with similar equipment, the error 
associated with any single cost element is small. 

The only regularly consumed material will . be drums at a cost of 
$21/drum. Health and safety, including such items as gloves, and prot ective 
clothing, respirators for workers exposed to dust, will cost $100 per day 
per man. 

Disposal costs are based on a drum capacity of seven cubic 
feet, but a burial cost based on 7.5 ft3 of volume. The cost of thermal 
destruction is based on currently available information. For rotary kiln 
incinerators this cost is approximately $200/ton. Using a soil density of 
120 #/ft3, this cost becomes $324/yd3. 

A.5.7 References 
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TABLE A.5 . 1 EXCAVATION & DISPOSAL COSTS 

Hourly Rate Annual Co st 
($/hr) ($/yr) 

Labor(l) 

1 Site Superintendent 58 $ 121,000 
I Shift Foreman 44 91,520 
6 Laborers (12~m loading, 20 249 , 600 

filling) 
3 Radiation Safety Technicians 28 174,720 
I Clerical/Records Manager 26 54 , 080 
I Radiation Site Manager (labor 48 99,840 

associated with equipment 
operation is included with 
equipment costs) 

Subtotal $ 790 , 760 

Equipment 

I Backhoe ~/operator ($249/yd3)(2) 407,862 
630 yd /day x 260 days/yr . 

10 Tractor Trailers -Flat~31 1,277,500 
w/driver ($350/day) 
60 drums/trip, 4 trips/day 

7 Forklifts w/operators ($185/day/3ach)( 4) 472,675 
8 Dump trucks w/operators ($490/yd) 803,000 
2 Dozers w/operators and

3 450,500 
compacters ($2.75/yd -) 

Subtotal $ 3,412,000 

Capital Equipment 

Cover Structure (400 x 400)( 4) 
(+ 20% for utilities) 1,872,000 

Cover Structure Foundation 19,200 
Soil Dumping &(~)um Filling Equipment(3) 100,000 
Drum Conveyors 50,000 
Positive Ventilation System 180,000 

with Filters and Monitoring System 
4 required@ 3000 cfm 

Local Air Sampling System 5,000 
Structure Air Lock (Personnel & 2_0, 000 

Equipment) not airtight 
Clean Room (lunch/change/HP)( 2) 77,000 
Cover Structure Decontamination 1,800,000 

and Disassembly 

Subtota 1 4,123,000 
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TABLE A.5.1 EXCAVATION & DISPOSAL COSTS (CONTINUED) 

Materials and Safety 

Drums - 632 1~00/yr (Steel 55 gal 
DOT 17-H) \ ) 

Health & Safety (12 people x 
$100/day x 260 d/yr) 
(forklift operator and truck driver 
not included) 

Other Support Activities 

Disposal 

Hourly Rate 
($/hr) 

Subtota 1 

632,000 drums/yr x 7.5 ft 3/drum x $8/ft3 

Treatment 

1 ton 120 lb 
$200/ton x x x 

2000 1 b ft3 

27 ft3 
= $324/cy3 

(by incineration) 

Total Cost 

Summary 

630 yd3/day x 260 day/yr= 163,800 yd3/yr 

w/o 

Annual Cost 
($/yr) 

13,267,800 

312,000 

$13,580,000 

37,920,000 

$56,772,000 

w/ 
Urr llY_gl Treatment Treatment 

Labor 1,111,000 
Equipment 3,412,000 
Materials & Safety 13,580,000 
Capital Equipment 4,123,000 
Disposal 37,920,000 
Treatment (if required) 

Total w/o Treatment 
Total w/Treatment 

(1) Kaiser Labor Rates (except as noted) 
(2) Dodge 1987 
(3) Field Experience 
(4) Means 1985 
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12 3% 2% 

231 67% 35% 
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A.6 IN-PLACE DECONTAMINATION 

A.6.1 General Description 

This technique refers to the decontamination of structures containing 
waste material such as above-ground tanks, vaults, and waste contai ners. 
In-place decontamination consists of removing residues from the structure, 
rinsing it with an appropriate solution, and, if necessary, filling it with 
inert material such as sand, clean soil, or cement. 

A.6.2 Design and Construction 

This technique does not require complex or state-of- the-art equipment; 
the requirement is to remove residual contamination and rinse the structure 
with an appropriate cleaning solution so as to remove all hazardous 
constituents. 

Typically, the residue rema1n1ng in the structure will be in the form of 
a sludge or layer of crystallized salts. In either case, it will be 
necessary to liquefy the residues prior to removing them, as a liquid is 
easier to remove than a solid. The removal process consist~ of pumping the 
liquefied material out of the container; if it is equipped with a bottom 
outlet, gravity discharge can be used instead. 

After the residue has been removed, a rinsing solution is injected into 
the unit for cleanup purposes. According to RCRA regulations, it is 
recommended that three •rinsings be used for this type of decontaminat ion 
technique. Selection of the rinsing solution depends on the chemical 
characteristics of the waste residues. For example, if the tank is known to 
contain oil heel, it is suggested that a petroleum-based solvent first be 
used to liquefy the sludge, followed by a detergent solution for rinsing. 

Once the liquefied residue is removed from the unit, proper treatment 
and disposal of the waste is required. In most cases, the waste will either 
be chemically neutralized or stabilized in some sort of waste-sol idifier 
matrix. The cost for these treatment techniques is presented in USEPA, 
1985. The rinsing solution also requires treatment and proper disposal. In 
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addition, it will be necessary to sample the third (final) rinsing solution 
to ensure that no hazardous contaminants remain. 

Following cleanup of the structure, it can either be left as is, 
refilled with inert material such as sand or cement, or used for another 
purpose. Since it is assumed that this technique ensures decontamination, 
no further action is required . 

A.6.3 Advantages and Disadvantages 

The advantages of this technique are that it is easy to perform and 
relatively inexpensive, does not require special equipment and material, and 
the decontaminated structure can be reused for other purposes. 

Disadvantages include requirements for treatment and disposal of the 
residual waste and rinsing solution. Also, it is not applicable for 
structures that have leaks or residues that cannot be readily dissolved and 
removed from the unit . Additionally, if the waste is highly reactive and/or 
radioactive, a potential occupational health hazard could be a limiting 
factor. In -these cases, other remediation technique_s suc.h as in-situ 
vitrification are more appropriate. 

A.6.4 Remedial Action Schedule 

For the purpose of estimating the manpower requirements and work 
schedule for this technique, it is assumed that a 50,000 gallon tank, 15 
feet high by 24 feet in diameter, containing about 500 gallons of diesel oil 
heel is recommended for cleanup. It is also .assumed that the tank is 
equipped with a six-inch diameter bottom outlet capable of discharging 
approximately 250 gallons per minute. 

First, it is assumed that 1,000 gallons of solvent will be mixed with 
the oil heel in order to liquefy it. The liquefaction phase requires about 
two days for a complete reaction. · During this time, the detergent solution 
is also prepared for the rinsing phase. When it is determined that the 
contents of the unit are ready for removal, the bottom outlet is hooked up 
to a waste storage unit . It is estimated that the discharge of 1,500 
gallons of waste will take about six minutes. With a pump capable of 
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delivering 250 gallons per minute , each -rinsing will require approximat ely 
200 minutes. It is assumed that the solution will remain in the tank for 
one hour prior to discharge. The full tank discharge will require an 
average of about 200 minutes . Thus, for each rinsing, it is estimated that 
a total of 460 minutes, or approximately eight hours, is required. As suming 
that other activities such as refilling tank trucks and setting up equ i pment 
will take an additional two hours per rinsing, a sum total of ten hours is 
estimated for each rinsing of the tank. Thus, an estimated six days will be 
required to complete the cleanup of the tank . 

Second , it is assumed that the tank is left as is after it has been 
cleaned up, and that treatment of the waste residue and rinsing solution 
takes place afterward. Using a mobile wastewater treatment facility with a 
throughput of 80 gallons per minute (gpm), the wastewater treatment r equires 
about 31 hours . Treatment of waste residue is est imated at three hour s, or 
ten percent of the time required for wastewater treatment. Therefore , the 
total amount of time required for treatment of waste residue and rins i ng 
water is estimated at about four days. 

At the third rinsing of the waste unit, three samples of discharge will 
be collected and analyzed for cleanup confirmation. The sampling and 
analysis wi ll take about six weeks, with one additional day for an 
evaluation of the results. Thus, the total amount of time required to clean 
up the above tank is estimated at eight weeks. 

A.6.5 Resource Requirements 

The manpower requirement is estimated for different phases of the 
cleanup operation. For the waste liquefaction phase, it is estimated that 
about four hours will be required to perform the operation requiring a tank 
truck operator, a health safety officer, and a field engineer. Duri ng the 
rinsing phase, it is estimated that the operation will take approximately 
four days, with a crew of two tank truck operators, a health safety officer, 
and a field engineer . ·For the waste residue and wastewater treatment phase, 
it is estimated that a crew of two operators and one health safety 
technician will be able to perform the operation in four days. For the 
confirmation sampling phase, it is estimated that one engineer will require 
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one day to evaluate the sampling analysis results. Table A.6.1 shows a 
summary of 
technique. 
cubic yards 
hours/I, 000 

the manpower requirement estimated for this remediation 
Based on the total waste unit volume of 50,000 gallons or 250 
(yd3), the estimated unit manpower is calculated at 4.9 man
gallons or about 1.0 man-hours/yd3. 

A.6.6 Costs 

A summary of the costs to clean up the above unit is described in Table 
A.6.1. The unit cost is approximately $1.10/gallon or $210/yd3of waste unit 
volume. 

A.7.7 References 

I ENR Market Trends. 1987. Engineering News-Record. 

Godfrey, R. (ed) 1984. Building Construction Cost Data. Robert Snow Means 
Co., Inc., Kingston, ME. 

Kaiser Eng{neers Hanford Company. 1987. Kaiser Engineers Hanford Company 
FY87 Revised Liquidation Rates Effective June 15, 1987. [Business Sensitive 
Document] 

U.S. Environmental Protection Agency (U.S. EPA). 
Remedial Action at Waste Disposal Sites (Revised). 
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TABLE A.6.1 IN-PLACE DECONTAMINATION COSTS 

Labor 

Waste Liquefaction Phase 

1 Tank Truck Operator 
1 Health Safety Officer 
1 Field Engineer 

Waste Unit Rinsing Phase 

2 Tank Truck Operators 
1 Health Safety Officer 
1 Field Engineer 

Waste Treatment Phase 

* 2 Operators * 
1 Health Safety Technician 

Confirmation Sampling Phase 

1 Engineer 

Equipment 

Waste Liquefaction Phase 

1 Tank Truck ($360/day)(l) 

Waste Unit Rinsing Phase 

2 Tank Trucks ($360/day)(l) 

Materials and Safety 

Waste Liquefaction Phase 

Solvent (1,000 gal, $1/gal) 

Waste Unit Rinsing Phase 

Mixed Detergent Solution 
(150,000 gal, $0.05/gal) 
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Hourly Rate 
($/hr) 

25(l) 
4a( 2) 
44( 2) 

25 (1) 
4a( 2) 
44( 2) 

59( 2) 

Subtotal 

Subtotal 

Subtotal 

Annual Co st 
($/yr) 

100 
192 
176 

1,600 
1, 536 
1,408 

464 

$5,476 

360 

2,880 

$3,240 

1,000 

7,500 

$8,500 

I 
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TABLE A.6.1 IN-PLACE DECONTAMINATION COSTS (continued) 

Other Support Activities 

** Waste Treatment 

Wastewater Treatment 
(150,000 gal, $29/1,000 gal) 

Hourly Rate 
($/hr) 

Waste Residue Treatmen~ (Orum and gisposal) 
(1,500 gal or 7.5 yd , $1,350/yd) 

Configuration Sampling Phase 

Sampling Cost (3 samples, $7,000/sample) 

Subtota 1 

Total 

Annual Cost 
($/yr) 

4,350 

10,125 

21,000 

$35,475 

$52,700 . 

Estimated Volume of Waste Unit 

Unit Cost 

50,000 gal. or= 250 yd3 

$1.10/gal. or $210/yq3 

Estimated Unit Manpower 4.9 man-hours/1,~00 gal. or 
1.0 man-hours/yd 

~~~Go~frey, updated using ENR Market Trends 
* Kaiser 
*~abor cost included in unit cost for Waste Treatment/Other 

Unit cost includes labor, equipment, and material 
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APPENDIX A (CONTINUED) 

I 
REMEDIAL ACTION TECHNOLOGIES CONSIDERED 
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,,.__ IWGUL 'l'ECH?l:)LOGIES 

I 
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A. Air Pollution Controls 

• Cappinc; 

~ synthetic membranes 
• clay 
- asphalt 
- • ult.iJDedia cap 
- concrete 
- chanical sealants/stabilizers 

• Dust Control Measures 

- polymers 
- vater 

Surface Water Controls 

• CAppinCJ (See A.) 

• Grading 

• scarification 
- tracking 
- contour furrowing 

• Rev99etation 

- c;ru••• 
- l•VWN• 
- shrubs 
- trees, conifers 
- ~••• , hardwoods 

• Diversion and collection Syst.as 

- dikes and ber1l.a 
- ditches, trenches, diversions 
• terraces and bench•• 
- chutes and dovnpipea 
- seepage basin.a 
- sedi.llent.&tion basins/ponds 
- levees 
- floodwalla 
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RIMED I.AL TECHNOLCG tts ( Continued) 

c. Leachate and Groundvater Controls 

• Cappin9 (See A. ) 

• Containment Barriers 

· Function Options (Vertical Barriers) 

- upgr&dient placuaent 
- downqr&die.nt placement 
- circumferential placement 

Hateri&ls/Construction Options (Vertical Barriers) 

•oil-bentonite slurry vall 
- c:ement-bentonite slurry v&ll 
- vibrating beam/asphalt wall 
- qrout curtains 
- steel sheet piling 
- Envirovall cut-oft 

Horizontal Burier (Bottom Sealing) 

- block displacement 
- grout injection 

• Groundvatar Pumping 

Function Options 

- extraction alone 
- exu-ac:tion/injec:tion 
- injection well• 

Equipment/~teri&l Options 

- well points 
- deep vells 
- auction wells 
- ejector wells 

• Subsurface Collection Drains 

- French drains 
- tile drain 
- pipe drain (dual media drain) 
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JIEMEDL\L TtCKNOLOGI.tS (Continued) 

D. Gas Migration C.Ontrols 

• Cappin9 (9u barriers) (See A.) 

• G&s collection and/or llec:overy 

- passive pipe vents 
- pusive trench vent• 
- active 9u collection •ystmu 

E. Wu t.e and Soil txc:avation &nd r:ta.inoval 

• E.xc:avation/R.emoval 

- b&ckhoe 
- c:ra.nes and attachments 
- front end lo&dus 
- acrapers 
- PWIIP• 
- industrial vacuums . 
- drum grapplers 
- forklifts and attachments 

• Grading (See I.) 

• Capping (See A.) . 

• Reveget&tion (See I.) 

F. Contaminated SediJnents Removal and Containment 

• Sediment Removal 

Mechanical Dredging 

- clamshell 
- draglin• 
- backhoe 

Hydraulic Dredging 

- plain •uc:tion 
- c:utterhead 
- dustpan 

Pneumatic Dredging 

- airlift 
- pneuma 
- oozer A-53 



REMEDIAL TECHNOLOGIES (Continued) 

• Sediment TUrbidity Controls and Containment 

- curtain barriers 
- cofferdam.a 
- pneumatic barriers 
- capping 

G. In-Situ TreatJnent Methods 

- hydrolysis 
oxidation 

- reduction 
- soil aeration 
- solvent flushing 
- neutralization 
- polymerization 
- sulfide precipitation 
- bioreclamation 
- permeable treatment beds 
- chemical dechlorination 

H. Direct Waste TreatJnent 

• Incineration 

- rotary kiln 
- fluidized bed 
- multiple he&rth 
- liquid injection 
- molten salt 
- high temperature fluid v&l.l 
- plasma &re pyrolysis 
- cement kiln 
- pyr~lysis/st&rved combustion 
- wet air oxidation 

• Gueous Wute Treataent 

- activated c&r.bon 
- fl&res 
- afterburners 

• Treatment of Aqueous &nd Liquid Waste StreU1S 

Bioloc;ical Treatment Techniques 

- activated sludge 
- trickling filters 
- aerated lagoons 
- vute stabilization ponds 
- rotating biological discs A-54 
- fluidized bed bioreactors 
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TABLE l•l UMEOIAL TtCHNOLOGILS (Continued) 

O\amical Treatment Techniques 

- neutralization 
- precipitation 
- oxidation 
- hydrolysis 
- reduction 
- chemic.al dechlorination 
- JJV/ozonation 

Physical Treatment Techniques 

- flow equalization 
- flocculation 
- sedilnentation 
- activated c:ubon 
- !Cleensorb 
- ion exch&nge 
- reverse osmosis 
- liquid/liquid extraction 
- oil water separator 
- stem distillation 
- &ir stripping 
- ateu stripping 

filtration 
- dissolved air flotation 

Discharge to P0'1'W 

• Solids Handling and Treatment 

Oewatering 

- acreens, hydraulic classifiers, scalpers 
- centrifuges 
- gravity thickening 
- flocculation, aedimentation 
- belt filter press 
- filter pr••• 
- drying or devatering beds 
- vacuum assisted drying beds 

Treatment 

- neutralization 
- solvent 
- oxidation 
- reduction 

composting A-55 



~UL TtCHNOLOCiIES (Continued) . 

• Solidification/Stabilization/Fixation 

- cement b&sed 
- lime bued 
- thermoplutic 
~ organic polymer 
- self-cementing technique• 
- surface encapsulation 
- glu•ification 
- solidification materials (i.e., flyuh, polymers, sawdust) 

I. Land Disposal Storage 

- landfills I 
- surface impoW\dments 
- land application 
- waste piles 
- deep well injection ,. . 
- temporary storage 

J. Contaminated Water Supplies and Sewer Unes 

• In-Situ Cleaning 

• Removal and Replacement 

• Alternate Drinking Water Supply 
/" 

- bottled water 
- cisterns/tanks 
- deeper or upgradient wells 
- municipal water sy•tem 

I I 

- relocation of intake 

• Individual Treatment Units 

f 
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APPENDIX B 

The following descriptions are provided for the eight in-place 
remediation techniques identified as potentially applicable to the 3004(u) 
sites for the purposes of this analysis. 

Soil Flushing 

Soil flushing is a technique where an appropriate chemical solution is 
applied to a waste site to remobilize waste constituents that are bound to 
the soil, and the leachate is collected with a series of shallow well 
points. Solutions of sulfuric, hydrochloric, nitric, phosphoric, or 
carbonic acid may be used to dissolve basic metal salts (hydroxides, oxides , 
and carbonates). 

This technique represents a low cost alternative to excavation and 
treatment of the waste, especially when there is a high safety and health 
hazard associated with the excavation. However, there are some 
disadvantages which include: (1) uncertainties with regard to the adequate 
contact with the wastes, (2) the technique is not applicable for 
containerized waste, and (3) there are concerns about the ability to 
effectively recollect the leachate elutriate, or the soil flushing solvent 
from the site. If the elutriate is not completely removed from the soil, it 
can become a pollutant itself. 

Soil Treatment 

As in the soil flushing technique, this process involves application or 
injection of a substance into the contaminated soil to immobilize or destroy 
the pollutants. However, instead of creating elutriate or leachate that 
needs to be collected and treated, this technique does not generally 
mobilize hazardous constituents from the waste site to the environment. As 
a result, this technique is limited to waste that can be degraded, has non- . 
toxic breakdown products, and/or can be converted to insoluble chemical 
products. 

Soil treatment techniques include soil neutralization/detoxification 
and microbial degradation processes. The ability to use soil neutralization 
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-or detoxification -is highly waste dependent . Many heavy metals may be 
precipitated as i nsoluble salts by injecting alkalis or sulfides. Whi le 
microbial degradat i on is highly applicable for removing organic contamina
tion such as oil or solvents , it is not a l i kely treatmen t for removing 
heavy metal contaminants from the soil . Some of the disadvantages of thi s 
technique i nclude the potent i al uf generating leachate that can not be 
contained when the treatment is unsuccessful , and it is also difficu l t to 
determine the degree of effectiveness of the technique. 

Grout - in - Place 

In-situ grouting is a technique that involves injection of grout or 
cement directly into the waste site to create a solid matr i x and rest r ict 
the movement of contaminants . · The applicat i on of th i s technique incl udes: 
(1) -0irect mixing of the waste ins ide the un i t to form a solid matrix , (2) 
inject i ng solidifier around a buried waste unit as a form of encapsul at i on , 
or (3) a combination of both of the above methods. 

If corr ectly applied, this technique would be a feasible remedial 
method for waste sites with short-term effectiveness. However , because the 
solidifier (grout) is a porous solid, the contaminants could be leached out 
of the solid matrix over a long period of time. 

Cap/Cover 

Surface sealing or capping is a process used to cover the waste s i te to 
prevent the waste materials from coming in contact with land surface and to 
minimize the migration of waste to groundwater. Surface sealing comes with 
two basic designs: multi - layered and single - layered caps . 

In humid climate areas such as the East Coast of the U.S. where the 
infiltration rate is high, this technique is one of many favored in-place 
remediation technologies . However , current RCRA program pol i cy is to use 
techniques that provide final destruction or final immobilizat i on of 
contaminants. Capping is considered a temporary rather than a final ac t ion. 
On a case-by-case basis, capping may be an appropriate technique to control 
erosion and resuspen sion of contaminated soil as well as preventing 
vegetation growth over contaminated soil . 
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Subsurface Barrier 

Subsurface barriers are used for imbedding a low permeability cut-off 
wall or diversion structure in the proximity of the waste site to contain, 
capture, or redirect the groundwater flow near the site. These subsurface 
barriers include soil-bentonite slurry walls, cement-bentonite slurry walls, 
diaphram walls, grout curtains, and sheet piling. 

This technique is readily applicable for sites with shallow groundwater 
tables and low permeability confining layers such as competent bedrock. 
However, for sites with deep groundwater, the technique may not be 
economically nor practically feasible to control groundwater due to depth 
limitations of excavation equipment. Such a decision requires case-by-case 
analyses. Subsurface barriers may not be able to withstand the attacks from 
highly corrosive materials, and may not withstand certain organic compounds. 
Depending on the construction technique, gaps within the structure are not 
uncommon that would lead to groundwater seepage from the contaminated area . 

The subsurface barrier is often used in conjunction with groundwater 
pumping. Groundwater pumping is discussed along with groundwater treatment 
in a subsequent section. 

In-Place Decontamination 

This technique refers to the decontamination of structures containing 
waste materials such as aboveground tanks, vaults, and waste containers. 
In-place decontamination of these structures consists of removing waste from 
the structure, rinsing the structure with an appropriate _solution, and, if 
necessary, filling the emptied structure with unreactive materials such as 
sand, clean soil, or cement. In some cases, the emptied and cleaned 
structure could also be reused for other purposes. The removed waste 
materials would need to be treated and disposed of appropriately. The cost 
associated with this technique is minimal when compared to other in-place 
remedial actions. However, this technique is not applicable to 
contamination in the environment (e.g., soils). 
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In-Situ Vitrification 

In-situ vitrification is a thermal process that converts contaminated 
soil into a chemically inert and stable glass and crystalline product t hat 
has about the same durability properties as granite . The resultant so l ids 
formed have a very low leach rate. This technique has been tested on a 
pilot-scale basis at the Hanford Reservation, and the results indicate that 
such a process may be feasible for decontamination/stabilization of the 
contaminated soil at the site . 

Groundwater Recovery and Treatment 

Groundwater recovery and treatment is very similar to soil flush i ng, 
except that instead of applying chemicals to the waste and collecting the 

I • 

I 

elutriate, this technique only requires removal of contaminated groundwater I 
by pumping then treating the contaminated water. In some cases, i t would 
also be appropriate to perform soil flushing (with water) before pumping and. 
treating groundwater . After the contaminated water is treated, i t can be 
discharged directly to nearby surface water, or reinjected into another 
uncontaminated aquifer . Appropriate permits would be required. I 

Contaminated water treatment includes filtration, ion-exchange, solvent 
absorption and separation, evaporation, and/or solidification, depending on 
the constituent concentrations in and characteristics of the contami nated 
water. 
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APPENDIX C 

SUMMARY DESCRIPTIONS OF GENERALIZED HANFORD UNIT RCRA 3OO4(u) SITES 

This Appendix describes the characteristics of the Generalized Hanford 
Unit, including the dimensions of the unit structures, methods of 
emplacement, average service lives, etc., which were developed on the basis 
of the individual units within each type of site (e.g. , tank, surface 
impoundment, etc.). For example, the dimensions of the Generalized Hanford 
Unit crib are calculated as an average of the dimensions of the cribs listed 
under Type ''G" waste units for each type of site . 

Also included in this appendix are the details of the characterization 
techniques applied to each Generalized Hanford Unit site, if different from 
the general strategy described in Section 3. 2. 4, and estimates for the 
volume of contaminated soil to be treated either by exhumation or by in-situ 
remediation techniques as described in Section 3.3 of this report. These 
form the basis of calculating characterization and remediation costs. Unit 
costs for Generalized Hanford Unit site types are also provided in Section 
3. 2.4 of the Task 9 report. Section 3.2.4 of the Task 9 report provides the 
strategy for applying characterization techniques to the 15 Generalized 
Hanford Unit site types. 

A - Aboveground Covered Landfill 

The Generalized Hanford Unit aboveground covered landfill was a mound 
of non-liquid waste , 125 feet long, ~O feet wide and 50 feet high. The base 
was unlined. No chemical inventory is available, however the zone is posted 
as a radiation zone. The landfill was covered with two feet of clean soil. 
Only one facility was included in this site type so the dimensions of this 
landfill were used for the Generalized Hanford Unit aboveground landfill 
description. Site used for this analysis is Site 618-13. 

Since no aboveground covered landfills are to be characterized for 
remediation , no groundwater monitoring wells are needed. Because the unit 
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is small (less than 100 feet per side length) , one boring will be placed on 
each side of the Generalized Hanford Unit site to verify for no release and 
verify for no residual contamination . 

As mentioned above , there is no aboveground, covered landf i ll th at 
requires remediation and, therefore, no remedial action and costs are 
developed for this type of waste unit. 

B - Aboveground Uncovered Landfill 

The Generalized Hanford Unit aboveground uncovered landfill was a mound 
of retired and stabilized, non-liquid waste that covers an area of 620, 000 
square meters. It was approx imately 427 feet long , 100 feet wide and five 
feet deep. The area was used to dispose rad i oact i ve wastes . No chemical 
inventory is available. Only one site was included in this site type so the 
dimensions of this landfill were used to develop the Generalized Hanford 
Unit aboveground uncovered landfill. The site used for the analysi s was 
216-E-9. 

For this Generalized Hanford Unit site twenty soil borings are placed 
around the perimeter to a depth of 30 feet in shallow groundwater areas and 
50 feet in deep groundwater areas for sites to the categories to verify no 
release and verify no residual contamination. 

Because no sites fitting this Generalized Hanford Unit descri ption are 
in the category to characterize for remed i ation, no groundwater monitoring 
wells are needed at these sites. Since no aboveground, uncovered landfills 
are characterized for remediation, no remedial action and costs are 
developed for this type of waste unit . 

C - Belowground Covered Landfill 

The Generalized Hanford Unit belowground landfill consisted of a series 
of unlined , excavated trenches. The landfill was approximately 350 feet 
long , 160 feet wide, and 15 feet deep . The waste was generally non-liquid , 
solid waste but may have included drums of liquid waste materia l s. The 
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site averaged 17 years of operations and was last used in 1962. The 
landfill is covered with four feet of soil at grade. 

Samples to verify for no residual contamination and verify for no 
release are collected every two feet to a depth of 30 feet in the shallow 
areas and 50 feet in the deep groundwater areas. Twenty soil borings are 
placed around the perimeter as per the description in Section 3.2.4. For 
sites where it was necessary to characterize for remediation, four 
groundwater monitoring wells will be placed upgradient (one) and 
downgradient (three) at the sites. To verify for no hazardous constituents , 
a total of three borings per unit will be collected. 

The Generalized Hanford Unit belowground covered landfill was developed 
by calculating average dimensions and site ages for ten percent of the sites 
included in this site type. The eleven sites used in the analysis were 
chosen randomly from all of the Hanford Reservation areas. 

Since this type of waste unit is considered to receive solid waste, and 
the length is more than twice the width of the site, Equation 3 is used to 
estimate the amount of contaminated soil to · be excavated. The depth of the 
site is 15 feet below ground, and it is assumed the contamination is located 
20 feet beneath the site. Therefore, the excavation depth is estimated at 
35 feet. The estimated excavation volume is as follows: 

Vexc = [(1.5 x 160') + 350' + 35] x [(1.5 x 160') + 35] x 35' 
= 625' X 275' X 35' 
= 6,015,625 ft. 3 = 222,800 cubic yards (yd3). 

For in-situ treatment, it is suggested that in-situ encapsulation be 
used to stabilize the waste unit. It is assumed that a five-foot thick 
grout wall will be built around and underneath the unit at a distance of 20 
feet from the site. A cap will be formed by injecting grout into the site 
to a depth of five feet , covering the entire unit, with the edge located at 
the grout wall surrounding the site . The volume of soil proposed to be 
grouted can be calculated as follows: 
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o Generalized Hanford Unit waste unit dimensions : 350' x 160' x 15 ' 

o Inside dimension of the encapsulation wall : 
(350' + 40') X (160' + 40') X (15' + 20 ' ) 

Vi ns = 390' x 200' x 35 ' = 2, 730,000 ft. 3 

:: 101,000 yd3 

o Outside dimension of the encapsulation wall: 
(350' + 50 ' ) X (160' + 50') X (15' + 25 ' ) 

Vout = 400' x 210' x 40' = 3,360,000 ft. 3 

:: 124,450 yd3 

o Volume of encapsulation wall: 

0 

0 

Vwall = V0 ut - Vins = 124,450 - 101,000 = 23,450 yd3 

Volume of soil calculated for the cap: 
Vcap = 400' x 210' x 5' = 420,000 ft. 3 

- 16,000 yd3 

Total volume of soil to be grouted for the in-situ encapsulation 
process: 

= 23,450 + 16 , 000 = 39,450 yd3 

or 40 , 000 yd3. 

Sites used for the analysis included 118-C-l, 118-B-5, 118-0-5 , 
118-F-6, 118-H-2, 218-E-l, 218-E-12A, 218-W-02A, 618-9, USBR-2,4-0, and East 
White Bluffs Landfill. 

D - Belowqround Uncovered Landfill 

The Generalized Hanford Unit belowground uncovered landfill i s a pit, 
approximately 1,500 feet long, 500 feet wide and 20 feet deep. The pit was 
intended for disposal of non-radioactive construction debris, however 
contamination from leaks and non -deliberate disposal of contaminated 
construction materials may have occurred . No chemical i nventory i s 
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available, however no chemicals have been disposed onsite and only soil 
wastes are disposed. 

Due to the large size of this site, soil borings will be taken (as per 
Section 3.2.4) at 50 locations along the perimeter of the sites to verify 
no release or verify for no residual contamination. (However, no sites are 
included in these categories at this time.) Groundwater monitoring wells 
will be placed in a configuration including three upgradient wells and 11 
downgradient wells. To verify for no hazardous constituents, a total of 
three borings per site will be collected. 

This Generalized Hanford Unit landfill was developed by combining 
information from the two sites within this site type, and determining a 
Generalized Hanford Unit. site with average dimensions from the two sites. 
Sites used for the analysis include 200 Area Construction Waste and UPR-200-
E-124. 

This type of waste unit is considered to be similar to that of Type C 
described previously and, thus, all related assumptions and remediation 
techniques are applicable for both types. As a result, _to estimate the 
volume of contaminated soil required to be excavated, the same formula is 
used as follows: 

o Waste unit dimensions: 1,500' x 500' x 20' 

0 Excavation dimensions: 
[(1.5 X 500') + 1,500' 
Vexc = 2,290' x 790' x 

+ 40'] X [(1.5 X 500') 
40' = 72,364,000 ft. 3 

3 = 2,680,000 yd . 

+ 40'] X 40' 

The volume of soil to be grouted for in-situ encapsulation can also be 
calculated as follows: 
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o Inside dimension of the encapsulation wall: 
(1,500' + 40') X (500' + 40') X (40') 
vins = 1,540' x 540' x 40' = 3.33 x 107 ft. 3 

= 1,232,000 yd3 

o Outside dimension of the encapsulation wall: 
(1,500' + 50') X (500' + 50') X (45') 

Vout = 1,550' x 550' x 45' = 3.84 x 107 ft. 3 

= 1,421,000 yd3 

o Volume of encapsulation wall: 
Vwall = V0 ut - Vins = 1,421,000 - 1,232,000 = 189,000 yd3 

o Volume of cap: 
vcap = 1,550' x 550' x 5' = 4,262,500 ft. 3 = 158,000 yd3 

o Total volume of soil to be grouted for this technique: 
Vtotal = Vwall + Vcap = 189,000 + 158,000 = 347,000 yd3. 

E - Surface Impoundments 

The Generalized Hanford Unit surface impoundment was 600 feet long, 48 
feet wide and 13 feet deep. It had a sideslope of two to one, and has 
accepted 64,641,000 gallons of liquid waste over the life of the unit. When 
the unit became inactive, it was backfilled with three feet of clean soil. 
The unit accepted a variety of chemical and radioactive wastes. 

Because of the site dimensions, groundwater monitoring wells (used when 
characterizing for remediation) will be placed in a configuration of one 
upgradient and five downgradient wells. Soil borings to verify no release 
and verify no residual contamination will be collected on each side of the 
site for a total of four borings. To verify no hazardous constituents three 
samples will be collected from the waste management unit. 

The Generalized Hanford Unit surface impoundment was developed by 
calculating average dimensions for ten percent of the sites included in this 
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site type. The ten sites used in the analysis were chosen randomly from all 
of the Hanford Reservation areas. 

Since this waste unit type is considered as a liquid waste disposal 
site, Equation 1 described in Section 3.3 is used to calculate the amount 
of contaminated soil to be excavated. It is also assumed that the majority 
of the contamination is located up to 60 feet below ground surface, although 
the average depth of the Generalized Hanford Unit is approximately 13 feet 
below ground. Therefore, an excavation depth of 60 feet is estimated. 

o Dimensions of waste unit: 600' x 48' x 13' 

0 = [230' + 600' + 60'] X [230' + 48' + 60'] 
= 890' X 338' X 60' = 18,049,000 ft. 3 

= 668,500 yd3. 

X 60' 

Groundwater recovery and treatment has been considered as an in-situ 
remedial action appropriate to Unit Type E surface impoundments. A 
methodology was developed to estimate the costs of applying this remedial 
~echnology to the Generalized Hanford Unit surface impoundment unit. The 
methodology is used to estimate the volume of contaminated groundwater 
required to be pumped and treated at a cost of $35 per 1000 gallons. 

The first step in calculating the volume of water needed to be pumped 
and treated is to determine the surface area of the lateral waste migration 
associated with the Generalized Hanford Unit. This area has been estimated 
above. The surface area (square feet) is then multiplied by the aquifer 
thickness in the area to determine the total volume of the aquifer needing 
pumping. An average aquifer thickness of 35 ft. was determined in the deep 
groundwater areas of Hanford (200, 400) and 60 ft. in the shallow 
groundwater areas (100, 300, 700, 1100). 

The calculation of the aquifer depth results in the volume of the 
contaminated area needing pumping. It was assumed for the purposes of this 
study that the pore space occupied by the water in this zone is thirty 
percent of the total volume. Based on RCRA guidance this volume would need 
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to be pumped three times to adequately reduce the levels of contamination. 
Therefore as a conservative estimate the total volume of the contaminated 
area determined previously was used. This value (cubic feet) was converted 
to gallons by using the following multiplier, 7.48 gallons/ft3. To account 
for the differences in aquifer thicknesses encountered at Hanford, a 
weighted average of the gallons of water needing treatment was used. A 
three/one deep to shallow groundwater site average ratio was used based on 
the number of units found in each area. This volume of water is then 
multiplied by the pump and treatment unit cost to determine the total cost 
of the operation in present dollars. For waste unit type E, the volume of 
groundwater pumped and treated is estimated at 71,000,000 gallons based on 
an average surface area of 230,740 ft 2. 

Sites used for the analysis include 184-8 Powerhouse Ash Pit, 216-S-12 
trench, 216-U-13 241-UR Steam Cleaning pit, 216-B-53A trench, UPR-1 100-1 
Sand Pit, 400 Area Retired Sanitary Ponds, 216-Z-19 Ditch or Trench , 107-B, 
216-N-l, and 216-S-15. 

F - Ditch 

The Generalized Hanford Unit waste management ditch was 2,035 feet 
long, six feet wide and four feet deep. The ditch was unlined and typically 
received the following wastewaters: steam condensate, process coo l ing water 
and vacuum pump seal water. When the trench became inactive the wastes 
remain in place, and the ditch was backfilled with clean soil. 

Because of the large dimensions of this site, 20 -groundwater monitoring 
wells will be used at each site requiring characterization for remediation. 
Soil borings, when necessary, will be placed on alternating sides of the 
site at an interval of 100 feet, as described in Section 3.2.4, for a total 
of 42 soil borings to verify no release and verify no residual 
contamination. 

Nine sites were used in this analysis. For eight sites, information 
was available on the unit's dimensions. The average of these dimensions was 
calculated and used to develop the Generalized Hanford Unit ditch. 
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This waste unit type is similar to that of type E and thus, all 
assumptions and remediation techniques are applicable for both types. 

The excavated volume is estimated as follows: 

o Waste unit dimensions: 2,035 ' x 6' x 4' 

o Excavation depth is assumed at 60 feet. 

= [230' + 2,035' + 60'] X [230' + 6' + 60'] 
= 2,325' X 296' X 60' = 41,292,000 ft. 3 

3 = 1,530,000 yd . 

X 60' 

Groundwater recovery and treatment has been considered as an in-situ 
remedial action appropriate to Unit Type F ditch. A methodology was 
developed to estimate the costs of applying this remedial technology to the 
Generalized Hanford Unit Type F (ditch). The methodology is used to 
estimate the velum~ of contaminated groundwater required to be pumped and 
treated at a cost of $35 per 1000 gallons. 

Using the same bases outlined for waste unit type E, the volume of 
pumped and treated groundwater is estimated at 165,000,000 gallons for type 
F, assuming that the generic site surface area of 534,540 ft 2. 

Sites used for the analysis include 100-KE3, 216~T-4-2, UPR-200-W-139, 
216-Z-19, 216-U-9, 216-Z-ll, 216-Z-l (0), 216-T-4-l(D), and 216-Z-17. 

G - Underground Dispersion Systems 

Underground dispersion systems include french drains, tile fields, 
cribs, dry wells, reverse wells, etc . The Generalized Hanford Unit 
underground dispersion systems were developed by calculating average 
dimensions for all of the 130 sites in this site type. 
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This Generalized Hanford Unit is a five-sided wooden box with open 
bottom, situated on a five-foot bed of three-inch gravel. It is 23 feet 
long, 12 feet wide, and seven feet high. The bottom of the unit is l ocated 
at about 18 feet below surface, and the excavated area is backfilled with 
clean soil. The average excavated area for emplacement of the unit i s 110 
feet long, 60 feet wide, and 18 feet deep . The unit was operated fo r seven 
years, and was last used in 1973. 

Because of the small dimensions of these sites, groundwater wells, when 
necessary to characterize for remediation, will be placed in a conf iguration 
including one upgradient and three downgradient wells. To verify for no 
release and verify for no residual contamination one soil boring wi l l be 
collected on each side of the Generalized Hanford Unit sites. To verify for 
no release, three samples are collected and analyzed from the waste 
management unit. 

This waste unit type is the same as types E ~nd F. Therefore , all 
assumptions and remediation techniques developed for these waste unit types 
are applicable. 

The excavated volume is estimated as follows: 

o Waste unit dimensions: 23' x 12' x 7' 

o Excavation depth is assumed at GO feet. 

Vexc = (230' + 23' + 60') x (230' + 12' + 60') x 60' 
= 313' X 302' X 60' = 5,671,500 ft. 3 

= 210,000 yd3. 

Groundwater recovery and treatment has been considered as an in-situ 
remedial action appropriate to Unit Type G (underground dispersion systems). 
A methodology was developed to estimate the costs of applying this remedial 
technology to the Generalized Hanford Unit underground dispersion systems. 
The methodology is used to estimate the volume of contaminated groundwater 
required to be pumped and treated at a cost of $35 per 1000 gallons. 
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Based on the same assumptions described for waste unit type E, the 
estimated volume of contaminated groundwater that requires to be pumped and 
treated is calculated at 19,000,000 gallons based on an average surface area 
of 61 , 226 ft 2. 

Sites Used in the Analysis: 

216-S - 13 216-T-29 216-U -8 216-8-14 216-8-47 
216-S-22 216-T-32 216-Z-5 216-8-19 216-8-8 
216-S -23 216-T-33 216-Z-9 216 -8-17 216-8-15 
216-T-6 216-T-34 216-Z-12 216-8-18 216-8-12 
216-T-26 216-T-35 216-Z-16 216-A-l 216 -8-9 
216-T-27 216-T-36 216-Z -18 216-A-2 216-8-108 
216-T-31 216-A-26A 216-A-17 216-U-7 216-A-35 
216-A-16 216-Z-8 216-A-33 116-KW-2 116-8-9 
116-0-4 116-F-ll 116-8-10 1.16-0-4 116-F-12 
116-0-3 116-F-7 116-KE-3 
116-8-5 117-0 116-F-5 il6-KW - l 
116 -8-6 -1 116-0-2 116-H-4 · 316-4 
116 -8-6-2 116-0R-4 117-H 
116 -8-3 116-F-4 116-KE- l 

H - Aboveground Storage Tank 

The Generalized Hanford Unit aboveground storage tank was constructed 
of stainless steel and had a capacity of 21,000 gallons. The average 
service life of this unit was 19 years. After the tank was removed from 
service, some waste and/or contamination typically remained in the tank and 
associated piping. Leaks and spills have occurred during filling and 
transfer operations associated with this unit and remediation has not been 
performed. Wastes managed by this unit include mixed wastes . 

Because of the aboveground location of these sites, groundwater 
monitoring is assumed to be unnecessary for characterizing for remediation. 
Instead, soil borings to a depth of six feet (2-foot intervals) will be used 
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to characterize these sites. One soil boring will be collected on each side 
of the site where necessary to verify for no release and verify for no 
residual contamination categories as well as to characterize for 
remediation . 

Since the tank is located above ground, and it is assumed there is no 
leak from the tank, exhumation is not recommended as a remediation 
technique. In-place decontamination is suggested for this type of waste 
unit. 

Fourteen sites were used in this analysis. For nine sites information 
was available on dates of service and five sites had information concerning 
tank capacities. One of the five sites for which tank capacity data were 
available (276-S) had multiple tanks with varying capacities. Each of these 
tanks were considered separately in the analysis. 

Sites Used for the Analysis: 

183-KE 
183-KE* 
183-KEl 

183-KW 
183-KWl 
183-KW2 

I - Underground Tanks 

242-B . 
242-T 
276-S 

334 
224-B 
2O5-A 

241-SX-4O1 
241-SX-4O2 

This site type i ncludes underground tanks, catch tanks, diversion 
boxes, receiving vau l ts, enclosed compartments septic tanks, and weir boxes. 
Due to the . physical and size differences between these types of tanks, - two 
Generalized Hanford Units were developed for this group: (1) underground 
tanks; (2) catch tanks and diversion boxes. 

The Generalized Hanford Unit underground tank was developed by 
reviewing all of the data on underground tanks and calculating average 
dimensions for these tanks. Only 63 tanks from 35 sites of the -total 115 
tank sites has data for use in the development of Generalized Hanford Unit 
tank dimensions. 
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Because of the small dimensions of these sites, groundwater wells, when 
necessary to characterize for remediation, will be placed in a configuration 
including one upgradient and three downgradient wells. One soil boring will 
be collected on each side of the site where necessary to characterize sites 
verifying for no release and verifying for no residual contamination 
categories. Section 3.2.4 describes the numbers of soil sample. 

The Generalized Hanford Unit tank was a 600,000-gallon belowground tank 
made of six-inch reinforced, prestressed concrete. The top of the tank was 
six feet below grade. The tank was a single shell tank that was last used 
in 1976 for storage of cladding wastes, mixed chemical decontamination/ 
decommissioning wastes including acids. The radiological hazard associated 
with the tank was high in comparison with other 200 area facilities. 

The diversion box is a generally small unit used to change the 
direction of waste water flowing in a .line to a tank or discharge. The 
Generalized Hanford Unit diversion box was 8 feet long, 6 feet wide, 5 feet 
tall. The box is assumed to have a bottom depth of 10 feet below ground 
surface. 

As discussed in Section 3.3 of this report, exhumation of these 
underground tanks is not considered a viable solution due to potential 
occupational health hazards. In this case, it is assumed that grout-in
place is used to remediate the waste unit. 

The total volume of grout required for this in-place treatment 
technique is assumed to be equal to the volume of the Generalized Hanford 
Unit waste unit or 600,000 gallons (or approximately 3,000 yd3. 

For the diversion boxes, it is assumed that little contamination to the 
surrounding subsurface soil has occurred and, therefore, it is recommended 
that only 20 feet of soil be collected instead of the additional 230 feet 
suggested in Equation 1. Using the modified Equation 1, the excavated 
volume can be calculated as follows: 
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o Dimens i on of the waste unit : 8' x 6' x 5' , buried 10 feet below 
the surface 

o Excavation depth is assumed at : 10 ' + 20 ' = 30' 

o Excavation volume: 
Vexc = (20' + 8' + 30') x (20' + 6' + 30 ' ) x 30 ' 

= 58' X 56' X 30' = 97,440 ft. 3 
3 .:: 3,600 yd . 

For in-place remediation, grout-in-place is suggested . The amount of 
grout needed is equal to the volume of the waste unit or : 

V = 8' X 6' X 5' = 240 ft. 3 

.:: 9 yd3 

Sites Used for the Analysis: 

183-KE 241-U-361 
105-KE 241-SX 
166-KE 241-TX 
105-KW 241 -U 
241-S 276-S-141 
241-T 241-TY 
216-A-524 241-T-361 
270 -E 241-Z-361 
241-CX-72 241-SX-302 
241 -B-361 241-A 
241-CX-70 241-BX 
241-AX 241-B 
276 -S-142 241-C 

UPR-200-W-137 
1607-F-1 
2904-s :.. 171 
2904-S-170 
216-S-172 
309-TW 
6652-G 
6652-C 
323 Tanks 
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J - Spills 

The Generalized Hanford Unit spill consisted of a zone 50 feet by 100 
feet which was contaminated by chemical and radioactive waste to a depth of 
15 feet . Approximately 1, 500 gallons of waste was spilled as a result of 
failed or leaking transfer pipelines. Waste lines were repaired and the 
site was covered with two feet of gravel. 

Because spills have occurred intermittently and because the volume of 
liquid associated with spills is small compared to the volume of liquid 
continuously applied to a site such as a surface impoundment ditch or 
dispersion system, this Generalized Hanford Unit site is considered to be a 
non-liquid waste site, so groundwater monitoring in deep groundwater areas 
only extends to 50 feet instead of 100 feet. Soil borings are taken on each 
side of the spill area for a total of four borings to verify for no release 
and verify for no residual contamination. A soil boring depth of 20 feet at . 

. 2-foot intervals was determined to be adequate to verify no release and 
verify no residual contamination. Groundwater monitoring wells are placed 
in a conf iguration of one upgradient and three downgradient as per 
discussion in Section 3. 2.4. 

The Generalized Hanford Unit spill . was developed by evaluating all 
information provided on the 15 spills. The spill volumes, waste types and 
situations which caused the spill (e.g., leaking pip, etc.) were evaluated 
to determine an average or Generalized Hanford Unit spill for the purposes 
of developing remediation costs . 

To calculate the amount of contaminated soil , it is assumed that the 
subsurface contamination extends to about 20 feet from the site. Thus, it 
is proposed that the excavation be extended an additional 20 feet from the 
original site. As a result, the excavated volume can be estimated as 
follows: 

o Excavation depth is assumed to be : 15' + 20' = 35 ' 
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0 Excavated volume: 
·vexc (50 ' + 40' + 35') 

= 125 ' X 175 ' X 35' 
X (100' + 40' + 35 ' ) X 35 ' 
= 765,600 ft. 3 

3 .:: 28,400 yd . 

For in -situ treatment , in-place grouting is recommended. The volume of 
soil requiring grouting can be estimated with the follow i ng assumpt i.ons : 

o The in-place grouting will be performed on an area cover ing an 
additional 20 feet on all sides of the spill area 

o The grouting depth is assumed to reach 35 feet (15 feet plus 20 
feet) below ground: 

V = (50' + 40') X (100 + 40') X (15 ' + 20') 
= 90' X 140' X 35' = 441,000 ft .3 

3 .:: 17,000 yd . 

Sites Used for the Analysis: 

UN -216 - E-69 
UPR-200-E-80/1 
UPR-200 -W-69 
UPR-200-W-113 
UN - 116-N-22 
Uranium Acid Spill (Bldg. 313) 
UPR-300-31/40 
UPR-200-W-117 

K - Underground Vau l t 

UPR-200 -E-44/103/123 
UPR-200-E -7 
UPR -200 -W-102 
UPR-200-W-2 
UN-116-N-23 
UPR-300 -1 
UPR-1100 -2 

The Generalized Hanford Unit underground vault was construc t ed of 
concrete. It was 17 feet long, ten feet wide and 12 feet deep and typically 
rested on a one-foot thick concrete floor . The underground vaul t was 
usually used for the disposal of radioactive solid waste. 
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Because of the small dimensions of these sites, groundwater wells, when 
necessary to characterize for remediation, will be placed in a configuration 
including one upgradient and three downgradient wells. One soil boring will 
be collected on each side of the site where necessary to characterize sites 
fitting the verify for no release and verify for no residual contamination 
categories. Section 3.2.4 describes the numbers of soil samples in the deep 
and shallow groundwater areas. 

Eight sites were used in this analysis. For 7 sites information was 
available on the unit's dimensions. Two of the 8 sites · had multiple vaults 
and these vaults were considered separately in the analysis. One site (241-
WR) had a large vault that was composed of nine individual compartments. 
The average size of one of these compartments (all of equal size) was 
determined and subsequently used in the analysis. 

For this type of waste unit, it is assumed that there is negligible 
subsurface soil contamination that remains close to the unit. To excavate 
this unit, it is assumed that an additional three feet around the unit be 
added to facilitate the removal of the unit from the ground. Ther.efore, the 
excavated volume can be calculated as follows: 

o Waste unit dimensions: 17' x 10' x 12' 

o Excavation depth: 12' + 3' = 15' 

= (17' + 3' + 15') X (10' + 3 + 
= 35' X 28' X 15' = 14,700 ft. 3 

= 550 yd3 . 

15') X 15' 

For in-place remediation, grout-in-place is suggested for this type of 
waste unit. The volume of grout required is equal to the volume of the 
waste unit, or: 

V = 17' x 10' x 12' = 2,040 ft. 3 

- 75 yd3. 
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Sites used for the analysis include 118- F-7, 218 -E-7, 241-CX -72 , 
2904-S-160 , 205-S , 218 -W-7, 218-W-8, and 241-WR. 

L - Burning Pit 

The Generalized Hanford Unit burning pit was 100 feet long, 110 feet 
wide and 30 feet deep . It was used for disposal and burning of non
radioactive materials such as paint waste, office waste and chemical 
solvents. 

Because of the small dimensions of this Generalized Hanford Un i t site, 
groundwater wells, when necessary to characterize for remediation, will be 
placed in a configuration including one upgradient and three downgradient 
we l ls . One soil bor i ng will be collected on each s i de of the site where 
necessary to characterize sites fitting the verify for no release and verify 
for no residual contamination categori~s . Section 3.2.4 describes the 
numbers of soil samples to be taken. 

The Generalized Hanford Unit burning pit was _devel-0ped by cal culating 
average dimensions from data for the ten sites i n this site type. 

To estimate the volume of contaminated soil removed from this type of 
unit , it is assumed that the pit is backfilled to grade level , and the 
contamination still remains 20 feet beneath the unit. Since it is assumed 
that this unit contains solid waste, Equation 2 of Section 3.3. is used to 
estimate the volume of the excavation . 

o Waste unit dimensions: 110' x 100' x 30' 

o Excavation depth: 30 ' + 20' = 50' 

= ((1 . 5 X 110') + 50'] X ((1 . 5 X 100 ' ) 
= 215' X 200' X 50' = · 2, 150,000 ft. 3 

= 80,000 yd3. 
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For in-situ remediat i on , grout-in-place is recommended for this type of 
waste unit. It is assumed the contaminants have moved to about 1.5 times 
the lateral dimension of the unit, and remained 20 feet beneath the unit. 
Therefore , the volume of soil to be grouted can be est imated as follows : 

V = (1.5 X 40') X (1.5 X 100 ' ) X 50 ' 
= 165' X 150' X 50' = 1,238,000 ft. 3 

3 = 46,000 yd . 

Sites used for the analysis include 200 West Burning Pit, l00B/C 
Burning Pit, 100-K Burning Pit, 128-N-l 100-N Burning Pit, 100-H Burning 
Pit, 100-0/DR Burning Pit, 100-F Burning Pits #2, 618-5 Burial Ground #5, 
200 East Burning Pit, and Z Plant Burning Pit. 

M - Incinerator 

The Generalized Hanford Unit incinerator was a two-story concrete block 
building that was 37 feet long and 57 feet wide. The lower part housed a 
storage room and electrical room, a process room containing waste handling 
equipment , a chemical mixing room and a change room. This part was 15 feet 
tall . The second story was 19 feet tall and contained the building ' s 
heating and ventilation system. The chemical inventory onsite is unknown 
and the radiological inventory is relatively low compared to other 200 area 
sites. 

In order to characterize for remediation groundwater monitoring is 
normally required under this project, however, because the incinerator is 
located in a building , _groundwater monitoring is unnecessary for site 
characterization. For the incinerator site that needs to be verified for no 
residual contamination, ten wipe samples wi ll be used instead of soil 
monitoring. Since there is no unit of this type being recommended for 
remediation, no remedial action is developed for costing purposes. The 
Generalized Hanford Unit description is based on only one site because 
within this site type, only one incinerator exists . The site used was 
232-Z. 
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N - Process Sewers 

The Generalized Hanford Unit process sewer was about 4,000 feet long 
and an assumed six feet in diameter. It consisted of stainless steel pipes 
buried 10 feet below grade and backfilled with soil . Radioactive l i quids 
have been drained from the pipes. 

Because process sewers have a low potential for contaminating 
groundwater due to their small size, monitoring wells will be replaced with 
soil borings to a depth of 30 feet, at two-foot intervals to characterize for 
remediation. Based on an engineering numerical cost analysis, and due to 
the great length of this unit, and the low potential for large releases of 
liquid wastes, a configuration of alternating soil sample location on each 
side of the sewer, at 200-foot intervals was used to cover the cost of 
characterization. 

For analysis purposes, it is assumed that there is no release from the 
process sewer pipe. Therefore, it is assumed that the exhumation of this 
Generalized Hanford Unit waste unit will consist of removing the pi pe from 
the ground and disposing of it in an approved landfill. The total amount of 
excavation and disposal is assumed to be the same as the volume of the waste 
unit or: 

4,000' X (3.14159)(6') 2= 113,100 ft. 3 
4 

3 = 4,200 yd . 

For in-place remediation, grout-in-place is recommended for this unit. 
Again, the total volume of grout needed is equal to the volume of the pipe 
or 4,200 yd3. 
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This Generalized Hanford Unit description was developed by using 
average dimensions from two sites: REDOX Chemical Sewer of 203-S, and sewer 
pipe for retired liquid waste. 

0 - Other 

The sites in this site type were grouped on the basis of similarities 
with respect to remediation costs. They include three wastewater pumping 
stations, a cask storage pad and a sandfilter monitor. 

When necessary to characterize for remediation, groundwater monitoring 
wells were replaced with soil borings (see Section 3.2.4) . One soil boring 
will be placed on each side of the site to a depth of 30 feet at all sites 
(samples collected at 2-foot intervals) where necessary to verify for no 
relea~e and verify for no residual contamination. Since there is no unit of 
this type being recommended for remediation, no remedial action is developed. 
for costing purposes. 

The Generalized Hanford Unit "other" site refers to an inactive 
radioactive wastewater transfer pumping station which was used to pump low 
level radiological and decontamination chemicals from a reactor building, 
which flowed to combine with other wastewaters prior to discharge to the 
Columbia River. The site was decommissioned under the 100 area 
decommissioning program for final disposal. 

Sites used for the analysis include 1608-H, 16-8-DR, 1608-F, 1000, Land 
2718-S. 
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APPENDIX D 

Slll4ARY OF RCRA 3004(u) SITES 



APPENDIX 0-1 

LIST OF SITES IDENTIFIED AS 
POTENTIAL RCRA 3004(u) SITES 



RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) 

RCRA 3004(u) SITE 

105-8 Battery Acid Sump 
184-8 Powerhouse Ash Pit 
1607-81 Septic Tank 
1607-83 Septic Tank 
1607-87 Septic Tank 
1607-88 Septic Tank 
1608-D Waste Water Pumping Station 
100-D Cask Storage Pad 
1706-D Gasoline Storage Tank 
1608-DR Waste Water Pumping Station 
1607-D1 Septic Tank 
1607-D4 Septic Tank 
1608-F Waste Water Pumping Station 
184-F Powerhouse Ash Pit 
1607-Fl Septic Tank 
1607-F3 Septic Tank 
1607-F4 Septic Tank 
1607-FS Septic Tank 
1607-F6 Septic Tank 
1608-H Waste Water Pumping Station 
184-H Powerhouse Ash Pit 
100-H2 Burning Pit 
1607-H2 Septic Tank 
1607-H3 Septic Tank 
1607-H4 Septic Tank 
105-KE Emergency Diesel Fuel Tank 
166-KE Oil Storage Tank 
183-KEl Sulfuric Acid Storage Tank 
183-KE2 Sulfuric Acid Storage Tank 
183-KE Liquid Alum Storage Tank No. 2 
183-KE Sodium Dichromate Storage Tank 

1 

100 8/C 
100 8/C 
100 8/C 
100 B/C 
100 B/C 
100 8/C 
100-D/DR 
100-D/DR 
1qo D/DR 
100 D/DR 
100 D/DR 
100 D/DR 
100-F 
100-F 
100-F 
100-F 
100-F 
100 F 
100 F 
100 H 
100 H 
100 H 
100 H 
100 H 
100 H 
100 KE/KW 
100 KE/KW 
100 KE/KW 
100 KE/KW 
100 KE/KW 
100 KE/KW 



RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) (continued) 

RCRA 3004(u) SITE 

105-KW Emergency Diesel Fuel Tank 
166 KW Oil Storage Tank 
183-KWl Sulfuric Acid Storage Tank 
183-KW2 Sulfuric Acid Storage Tank 
183-KW Sodium Dichromate Storage Tank 
1717-K Gasoline Storage Tank 
1717-K Waste Oil Storage Tank 
182-K Emergency Cooling Flow-Diesel Pump 

Oil Supply 
100-N Burning Pit (128-N-l) 
124-N-4 Septic Tank 
124-N-5 Septic Tank 
124-N-6 Septic Tank 
124-N-7 Septic Tank 
124-N-8 Septic Tank 
Acid Unloading Facility French Drains (120-N-7) 
108-N Acid Tank Vent French Drains (120-N-6) 
163-N Neutralization Pit and French Drain 

(120-N-3) 
Sanitary Waste Drain Field 
207-S Retention Basin 
242-T Evaporator incl. UPR-200-W-12 
242-8 Evaporator 
Diversion Boxes, Catch Tanks, and Receiving 

Vaults 
25 diversion boxes - include UN-216-E-68, 

45, 73, 74, 75, 77 
2 receiving vaults 
2 diverter stations 
1 unidentified unit 

10 catch tanks 

2 

AREA 

100 KE/KW 
100 KE/KW 
100 KE/KW 
100 KE/KW 
100 KE/KW 
100 KE/KW 
100 KE/KW 

100 KE/KW 
100 N 
100 N 
100 N 
100 N 
100 N 
100 N 
100 N 
100 N 

100 N 
200 East 
200 West 
200 West 
200 East 

200 East 
UPR-200-E-4, 6, 



RCRA 3004(u) SITES 
(ide~tified from Hanford Waste Management 

·units Report, May 1987) (continued) 

RCRA 3004(u) SITE 

Diversion Boxes, Catch Tanks, and Receiving 
Vaults 

22 boxes includes UPR-200-W-7,20, 
51, 52, 80, 81, 99, 114, 126 

8 catch tanks (incl. 240-S-302) 
Tanks 276-S-141 and 276-S-142 
241-A Tank Farm (single shell) (6 tanks) 

includes UPR-200-E-125, 48, 126, 47 
241-AX Tank Farm (single shell) (4 tanks) 
UPR-200-E-115, 119 

241-B Tank Farm (single shell) (16 tanks) 
includes UPR-200-E-127, 128, 129, 130, 108, 
109 

241-BX Tank Farm (single shell) (12 tanks) 
includes UPR-200-E-131, 132, 133, 3, 5, 78, 
89 

241-BY Tank Farm (single shell) (12 tanks) 

200 West 

200 West 

200 East 

200 East 

200 East 

200 East 

includes UPR-200-E-134, 135, 110 200 East 
241-C Tank Farm (single shell) (12 tanks) 
includes UN-216-E-91, UPR-200-E-136, 137, 16, 
50, 91 200 East 

241-S Tank Farm (single shell) (12 tanks) 
includes upr-200-W-80, 81 

241-SX Tank Farm (single shell) (15 tanks) 
includes UPR-200-W-49, 50, 114, 80, 81 

241-T Tank Farm (single shell) (16 tanks) 
includes UPR-200-W-148 

241-TX Tank Farm (single shell) (18 tanks) 
includes UPR-200-W-149, 100 

241-TY Tank Farm (single shell) (6 tanks) 
includes UPR-200-W-150, 153, 151, 152 
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200 West 

200 West 

200 West 

200 West 

200 West 



RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) (continued) 

RCRA 3004(u) SITE 

241-U Tank Farm (single shell) (16 tanks) 
includes UPR-200-W-154, 155, 156, 157 

241-B-361 Settling Tank 
270-E Condensate Neutralization Tank 
241-T-361 Settling Tank 
241-U-361 Settling Tank 
241-Z-361 Settling Tank 
241 -CX-70 Tank 
241-CX-72 Vault and Tank 
216-A-524 Control Structure 
2904-S-160 Control Structure 
2904-~-170 Weir Box 
2904-S-171 Weir Box 
216-S-172 Weir Box and Control Structure 
244-UR Vault includes UPR-200-W-24 
241-WR Vault 
224-B Concentration Facility 
2718-S Sand Filter Monitor 
276-U Solvent Handling Facility 
241-SX-401 Condenser Shielding Building 
tanks, dry well (+ equip) 

241-SX-402 Condenser Shielding Building 
tanks, dry well (+ equip) 

232-Z Waste Incineration Facility (building 
& equip) 

203-S, 205-S Uranium Nitrate Hexahydrate 
Processing Facility - 203-S basin, 204-S 
basin, 205-S Vault, sewer 

218-W-02A Burial Ground 
216-S-19 Pond 
216-A-3 Crib 
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200 West 
200 East 
200 East 
200 West 
200 West 
200 West 
200 East 
200 East 
200 East 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 East 
200 West 
200 West 

200 West 

200 West 

200 West 

200 West 
200 West 
200 West 
200 East 



RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) (continued) 

RCRA 3004{u) SITE 

UPR-200-W-34 
216-U-10 Pond includes 200-W-107 
216-Z-19 Ditch 
216-A-10 Crib 
216-U-10 Crib 
216-8-59 Trench 
R-3 Waste Line (UPR-200-E-80) includes 

UPR 200-E-l 
UPR-200-W-2 (failed waste line) 
UPR-200-W-110 (trench) 
UPR-200-W-lll (sludge trench) 
UPR-200-W-112 (sludge trench) 
UPR-200-W-113 (failed waste line) 
221-U Railroad Cut (UPR-200-W-117) 
UPR-200-W-139 (ditch) 
205-A Silica Gel Facility 
276-S Solvent Handling Facility 
UPR-200-W-30 (pit) 
331 Life Sciences Laboratory Drainfield 

200 West 
200 West 
200 West 
200 East 
200 West 
200 East 

200 East 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 East 
200 West 
200 West 
300 

311 Tank Farm Underground Methanol Storage Tanks 300 
313 Building Underground Methanol Storage Tank 300 
331 Life Sciences Laboratory Sanitary Waste 

Trench (1966-1969) 300 
331 Life Sciences Laboratory Waste Trench 

(1964-1974) 300 
323 Tanks (4) 300 
309 TW Tanks 300 
Retired Radioactive Liquid Waste Sewer System 300 
Retired 315 Sanitary Drain Field 300 
Retired 335/336 Sanitary Drain Field 300 
300 Area Retired Filter Backwash Pond 300 
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RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) (continued) 

RCRA 3004(u) SITE 

Solvent Evaporator 
334 Tank Farm Waste Acid Storage Tank 
In Situ Vitrification Test Site 
300 Area Interim Filter Backwash Disposal Pit 
400 Area Retired Sanitary Pond 
400 Area Retired French Drains 
Retired Septic Tanks 
French Drain (South of 4722-C) 
400 Area Retired Sand Bottom Trench 
6652-G ALE Field Storage Building Septic Tank 
6652-C Space Science Laboratory Septic Tank 
Army Bunkers Septic Tank (3) 
Army Munitions Burial Site 
Underground Waste Solvent Tank 
184-N Diesel Oil Supply Line Leak (UN-116-N-22) 
184-N Diesel Oil Supply Line Leak (UN-116-N-23) 
Railroad Car Flush Water Spill (UN-216-E-69) 
Radioactive Contamination from Uncovered 

Buried Waste (UN-216-E-72) 
Battery Acid Sand Pit (UPR-1100-1) 
Paint Disposal Area (UPR-1100-2) 
Antifreeze/Degreaser Sand Pit (UPR-1100-3) 
Antifreeze Tank (UPR-1100-4) 
Uranium-Bearing Acid Waste Tech Acid Spill 

(313 bldg.) 
UPR-200-E-7 
UPR-200-E-44 (BCS cr i b line, R-17 change house) 

and UPR-200-E-103, -123 
UPR-200-E-124 (R-13 pit) and UPR-200-E -85 
UPR-200-W-69 
UPR-200-W-102 (process tanks vent lines) 
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AREA 

300 
300 
300 
300 
400 
400 
400 
400 

400 

600 
600 
600 
600 
700 · 
IOON 
lOON 
200 East 

200 East 
1100 Area 
1100 Area 
1100 Area 
1100 Area 

300 
200 East 

200 East 
200 East 
200 West 
200 West 



RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) (continued) 

UPR-200-W-135 (cave-in and runoff path) 
UPR-200-W-137 (location) 
UPR-300-1 (transfer line leak) 
UPR-300-31 (pipe trench system 311 tank farm) 

and UPR-300-40 
100 8/C Burning Pit 
118-D-1 (100-D) Burial Ground No. 1 
118-D-2 (100-D) Burial Ground No. 2 
118-D-3 (100-D) Burial Ground No . 3 
100-D/DR Burning Pit 
100-F Burning Pits-2 
118-F-7 (100-F) Miscellaneous Hardware Storage 
Vault 

118-H-l (100-H) Burial Ground No. 1 
100-H Burning Pit 
107-H (100-H) Retention Basin 
118 K (100-K) Burial Ground 
100-K Burning Pit 
116-8-9 (104-8-2) French Drain 
118-8-1 (105-8) Burial Ground 
116-8-3 (105-8) Pluto Crib 
118-B-4 (105-B) Spacer Burial Ground 
116-8-2 (105-8) Storage Basin Trench 
118-C-2 (105-C) Ball Storage Tank 
118-C-l (105-C) Burial Ground 
116-C-2-2 (105-C) Pluto Crib Sandfiller 
116-0-6 (105-0) Cushion Corridor French Drain 
116-0-2 (105-D) Pluto Crib 
116-D-lA (105-0) Storage Basin Trench No. 1 
118-DR-l (105-DR) Gas Loop Burial Ground 
116-DR-4 (105-DR) Pluto Crib 
116-DR -3 (105-DR) Storage Basin Trench 
116-F-11 (105-F) Cushion Corridor French Drain 
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200 West 
200 West 
300 

300 
100 B/C 
100 D/DR 
100 D/DR 
100 D/DR 
100 D/DR 
100 F 

100 F 
100 H 
100 H 
100 H 
100 K 
100 K 
100 8/C 
100 8/C 
100 8/C 
100 8/C 
100 8/C 
100 8/C 
100 8/C 
100 8/C 
100 D/DR 
100 D/DR 
100 D/DR 
100 D/DR 
100 D/DR 
100 D/DR 
100 F 



RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

·units Report, May 1987) (continued) 

116-F-4 (105-F) Pluto Crib 
116-H-4 (105-H) Pluto Crib 
118-H-5 (105-H) Thimble Pit 
116-KE-3 (105-KE) Storage Basin French Drain 
116-KW-2 (105-KW) Storage Basin French Drain 
107-B Retention Basin 
107-C Retention Basin 
107-D Retention Basin 
107-DR Retention Basin 
107-F Retention Basin 
107-KE Retention Basin 
107-KW Retention Basin (3) 
116-8-5 (108-8) Crib 
116-8-10 (108-B) Dry ·well 
118-B-6 (108-B) Solid Waste Burial Ground 
116-D-3 (108-D) Crib No. 1 
116-D-4 (108-D) Crib No. 2 
116-B-6-l (111-B) Crib No. 1 
116-8-6-2 (111-8) Crib No. 2 
118-B-7 (111-B) Solid Waste Burial Site 
118-F-4 (115-F) Pit 
116-KE-l (115-KE) Condensate Crib 
116-KW-l (115-KW) Condensate Crib 
P-11 Crib 
117-B Crib 
117-C Crib 
117-D Crib 
116-DR-8 (117-DR) Crib 
116-F-7 (117-F) French Drain 
117-H Crib 
116-F-12 (148-F) French Drain 
216-T-20 (155-TX) Trench (216-T-20) 

RCRA 3004(u) SITES 
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100 F 
100 H 
100 H 
100 KE/KW 
100 KE/KW 
100 B/C 
100 B/C 
100 D/DR 
100 D/DR 
100 F 
100 KE/KW 
100 KE/KW 
100 B/C 
100 B/C 
100 B/C 
100 D/DR 
100 D/DR 
100 B/C 
100 B/C 
100 B/C 
100 F 
100 KE/KW 
100 KE/KW 
600 
100 B/C 
100 B/C 
100 D/DR 
100 D/DR 
100 F 
100 H 
100 F 
200 West 



(identified from Hanford Waste Management 
Units Report, May 1987) (continued) 

116-F-13 (1705-F) Experimental Garden French 
Drain 

100-KE*3 (183-KE) Filter Water Facility KE*3 
200 Area Construction Waste Site 
200 East Burning Pit 
218-E-8 200 East Construction Burial Ground 
218-E-l 200 East Dry Waste Burial Ground 
218-E-12A 200 East Dry Waste No. 12A; Burial 

100 F 
100 KE/KW 
200 East 
200 East 
200 East 
200 East 

Ground 200 East 
218-E-2 200 East Industrial Waste No. 2; Burial 
Ground 

218-E-SA 200 East Industrial Waste No. SA; 
Burial Ground 

218-E-9 200 East Regulated Equipment Storage 
Site No.9 

218-E-4 200 East/Minor Construction No. 4; 
Burial Ground 

218-E-7 200 East/22-B Vaults; Burial Vaults 
200 West Burning Pit 
216-C-3 (201-C) Leaching Pit 

(3) 

216-S-ll (202-S) Chemical Sump No. 2; Pond (2) 
216-A-l Crib 
216-A-ll French Drain 
216-A-12 French Drain 
216-A-13 French Drain 
216-A-14 French Drain 
216-A-15 French Drain 
216-A-16 French Drain 
216-A-17 French Drain 
216-A-18 Trench 
216-A-19 Trench 
216-A-2 Crib 
216-A-20 Trench 
216-A-22 Crib 
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200 East 

200 East 

200 East 

200 East 
200 East 
200 West 
200 East 
200 West 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 



216-A-23A French 
216-A-23B French 
216-A-26A French 
216-A-31 Crib 
216-A-32 Crib 
216-A-33 French 
216-A-34 Crib 
216-A-35 French 
216-A-39 Crib 
216-A-41 Crib 
216-B-3-2 Ditch 
216-B-10B Crib 
216-B-llA and B 
216-B-2-l Ditch 
216-B-3-l Ditch 
216-B-22 Trench 
216-B-23 Trench 
216-B-24 Trench 
216-B-25 Trench 
216-B-26 Trench 
216-B-27 Trench 
216-B-28 Trench 
216-B-30 Trench 
216-B-31 Trench 
216-B-32 Trench 
216-B-33 Trench 
216-8-9 Crib 

RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) (continued) 

Drain 200 East 
Drain 200 East 
Drain 200 East 

200 East 
200 East 

Drain 200 East 
200 East 

Drain 200 East 
200 East 
200 East 
200 East 
200 East 

Reverse Well 200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 
200 East 

216-8-4 Reverse Well 200 East 
216-B-52 Trench 200 East 
216-8-53B Trench 200 East 
216-8-53A Trench 200 East 
216-B-54 Trench 200 East 
216-8-57 Crib 200 East 

10 



RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) (continued) 

216-8-58 Trench 200 East 
216-8-60 Crib 200 East 
216-8-13 French Drain 200 East 
216-8-14 Crib 200 East 
216-8-29 Trench 200 East 
216-8-15 Crib 200 East 
216-8-34 Trench 200 East 
216-8-17 Crib 200 East 
216-8-18 Crib 200 East 
216-8-19 Crib· 200 East 
216-8-20 Trench 200 East 
216-8-21 Trench 200 East 
216"'8-35 Trench 200 East 
216-8-36 Trench 200 East 
216-8-37 Trench 200 East 
216-8-38 Trench 200 East 
216-8-39 Trench 200 East 
216-8-40 Trench · 200 East 
216-8-41 Trench 200 East 
216-8-42 Trench 200 East 
216-8-47 Crib 200 East 
216-8-51 Crib 200 East 
216-C-4 Crib 200 East 

216-C-5 Crib 200 East 
216-C-8 Crib 200 East 
216-8-12 Crib 200 East 
216-N-1 Covered Pond 200 North 
216-N-3 Trench 200 North 

216-N-2 Trench 200 North 
216-N-4 Pond 200 North 

216-N-5 Trench 200 North 

216-N-6 Pond 200 North 

216-N-7 Trench 200 North 

il 



RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) (continued) 

216-S-22 Crib 
216-S-23 Crib 
216-S-26 Crib 
Z-Plant Burn Pit 
216-S-13 Crib 
216-T-12 Trench 
216-T-13 Trench 
216-T-5 Trench 
216 -T-14 Trench 
216-T-15 Trench 
216-T-16 Trench 
216-T-17 Trench 
216-T-18 Crib 
216-T-31 French Drain 
216-T-33 Crib 
216-T-34 Crib 
216-T -35 Crib · 
216-T-36 Crib 
216-T-4-l Ditch 
216-T-4A Pond 
216-T-4-2 Ditch 
216-T-6 (216-T-5) Crib (2) 
216-T-32 (216-T-6) Crib 
216-T-26 (216-TX-l) Crib 
216-T-27 (216-TX-2) Crib 
216-T-22 (216-TX-2) Trench 
216-T-21 (216-TX-3) Trench 
216-T-24 (216-TX-4) Trench 
216-T-23 (216-TX-5) Trench 
216-U-6 Cold Trench No.l 
216-U-13 Trench (2) 
216-U-5 (216-U-4) Trench 
216-U-9 (216-U-6) Ditch 
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200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 



RCRA 3004(u) SITES 
(iden~ified from Hanford Waste Management 

Units Report, May 1987) (continued) 

216-Z-6 (216-W-4) Crib 
216-U-8 (216-WR-l) Crib 
216-Z-ll Ditch 
216-Z-9 (216-Z-10) Ditch 
216-Z-lD (216-Z-ll) Ditch 
216-Z-16 Crib 
216-Z-17 Trench 
216-Z-18 Crib (5) 
216-Z-3 Crib 
216-Z-lA (216-Z-7) Tile Field 
216-Z-8 French Drain 
218-E-3 Burial Ground 
218-E-5 Burial Ground 
218-E-6 Burial Ground 
216-U-7 (221-U) Vessel Blower Pit French Drain 
218-W-7 (222~S) Vault 
218-W-8 (222-T) Vault 
216-Z-5 (231-W) Sumps 
216-Z-4 (231-W-3) Trench 
216-B-8 (241-B-3) Crib 
216-C-6 (241-CX-4) .Crib 
216-S-18 (241-SX) Steam Cleaning Pit 
216-T-25 (241-TX-5) Trench 
216-Z -12 Crib 
216-U-15 (388-U) Tank Dumping Trench 
216-S-12 (288-U) Stack Wash Sump; Trench 
216-T-29 (291-T Sand Filter Sewer; Crib 
316-4 300 North Crib 
618-10 300 North Solid Waste Burial Ground and 
UPR-600-1, 2, 3 

618-9 300 West Burial Ground 
618-11 300 Wye Burial Ground and UPR-600 -4, 5, 
6, 7, 8, 9, 10 
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200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 West 
200 East 
200 East 
200 East 
200 West 
200 West 
200 West 
200 West 
200 West 
200 East 
200 East 
200 West 
200 West 
200 West 
200 West 
200 West 

200 West 
300 

600 
600 

600 



RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) (continued) 

618-13 303 Area Contaminated Soil Burial Site 
118-B-5 Ball 3X Burial Ground 
118-D-5 Ball 3X Burial Ground 
118-H-4 Ball 3X Burial Ground 
116-F-5 Ball Washer Crib 
118-F-l Burial Ground No. 1 
118-F-2 Burial Ground No. 2 
118-F-3 Burial Ground No. 3 
618-3 Burial Ground No. 3 
618-4 Burial Ground No. 4 
618-5 Burial Ground No. 5 
618-6 Burial Ground No. 6 
618-7 Burial Ground No. 7 
City of Hanford Landfill 
216-S-8 Cold Aqueous lrench 
216-S-14 Cold Organic Trench 
118-D-4 Construction Burial Ground 
118-H-3 Construction Burial Ground 
118-B-2 Construction Burial Ground 
118-B-3 Construction Burial Ground 
216-T-10 Decontamination Trenches 
216-T-9 Decontamination Trenches 

No. 1 
No. 2 

218-W-2 Dry Waste Burial Ground No. 2 
218-W-3 Dry Waste Burial Ground No. 3 
218-W-4A Dry Waste Burial Ground No. 4A; 

includes UPR-200-W-72 
218-W-9 Dry Waste Burial Ground No. 9 
218-W-l Dry Waste No. l; Burial Ground 
618-8 Early Waste Burial Ground 
East White Bluffs City Landfill 
216-T-ll Equipment Decontamination Trenches 
213 J and K Gable Mountain Plutonium Cribs 

14 

600 
100 B/C 
100 D/DR 
100 H 
100 F 
100 F 
100 F 
100 F 
600 
600 
600 
600 
600 
600 
200 West 
200 West 
190 D/DR 
100 H 
100 B/C 
100 B/C 
200 West 
200 West 
200 West 
200 West 

200 West 
200 West 
200 West 
600 
600 
200 West 
600 



RCRA 3004(u) SITES 
(identified from Hanford Waste Management 

Units Report, May 1987) (continued) 

218-W-IA Industrial Burial Ground No.I 
118-H-2 H-1 Loop Burial Area, 100-H Burial 

Ground No. 2 
Hanford Trailer Camp 
Horn Rapids Landfill 
218-W-IA Industrial Waste Burial Ground No. 1 
J.A. Jones No. l; Construction Pit 
J.A. Jones No. 2; Burial Ground 
Midway Landfill No . 1 
Midway Landfill No. 2 
Nonradioactive Burial Ground 
618-12 North Process Pond Scraping Disposal 

Area 
Original Central Landfill 
Pickling Acid Crib 
118-F-5 PNL Sawdust Repository 
118-F-6 PNL Solid Waste Burial Ground 
218-E-14 Purex Tunnel No. l; Burial Tunnel 
218-E-2A Regulated Equipment Storage Site No. 

2A; Trench 
Sodium Dichromate Barrell Disposal; Landfill 
218-W-ll Solid Waste Burial and Regulated 

Storage 
618-1 Solid Waste Burial Ground No. 1 
618-2 Solid Waste Burial Ground No. 2 
218-E 13 Burial Ground 
White Bluffs City Landfill 
USBR-2, 4-0 Burial Ground 
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100 H 
600 
600 
200 West 
600 
600 
600 
600 
200 West 

600 
600 
600 
100 F 
100 F 
200 East 

200 East 
600 

200 West 
600 
600 
200 East 
600 
600 



OTHER INACTIVE WASTE SITES 
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OTHER INACTIVE WASTE SITES 
------------------------------------------

Du!:cuig !(N) 8/C 

s,;ora;e ilMt i'::0 B/C 

bulldir,g :00 0,: 

Jui ~aing i05-D 

:Jul :c: r,~ :. 1) )-D/ :)R 

~lji,~C::r:g :CiO-F 

OU!~C:l'lg :oo-~ 

'.Ji,;! :c:~g : :)5-~E/l<.W 

s:a,;:on 

s; ,:,r'a;e · .. r,1 t :00 H 

: ·;. lc::ng / tanKs 200 .-st 

200 West 

:n::~::,~: ecu1 :i 200 East 

Ju!:a.l'lg 200 iilest 

Official 
~U•Der 

Sae tQ•I 
Descr1otion 

105-B ~eactor Buiicinq 

104-82 Storage 

105-D ~eactor Buila1nq 

11JS-r ~eactor Bu ild ing 

~G'5-ti ~eactor Bui laing 

105-KE Horizontal Contro~ Roa 
Storage Cav, 

!05-KE ReiCtor Bui~o1ng 

105-i{E ~ecov!l"y Station 

105-Kw ~eactor Building 

1607-1(3 Se~ lC Tank 

eo-nts 

ouiid1n9, fuei storage ::iasin: not 1n scooe oer 5™ 

reactor, :;asin: not 1r, scooe :,er SOw 

re.ct or: noi 1 n scooe oer SOlii 

reac~,)I": not ,r, sc,;oe ijl!r ~ 

reactcr ; r.ot in io:Ooe oer 50,,j 

reactor: not in scooe oer sew 

rHctor; r,ot i r, scooe oer .SOW 

reactor: ~.ot in scooe :>er 50.. 

16.3~ Solar Evaooration Bas in1seeking RC'lA clos1Jre oer11it: ,er111it 11 ii.l 
adaress cleanuo. 

212~ Building 

233-S Dlutoniua Conce~trat1on 
Facility 

2%-5-7 Stacks 

201-C Drocess Bui lding 

202-S R8XJX 
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OTHER INACTIVE WASTE SITES 
·---- ----------------------------

S: ': ! -~allE!/ 

:i@scn ot ion :oiaents 

---------------------------------------------------

:•H:c:.ng 2(>0 w.est 

S:iC.I( 21)0 west 

:;:ac!< 2'"~ west 

S";iCK 201) ..est 

stacit 200 .-est 

::i:..: lc:.ng 200 ..est 

s:ac1< 200 ~t 

200 £ast 

o"~:::r.;iec-.io 200 .est 

5,Hll 

s:iil1 100 1i0r'th LN-116+20 

:oo ~rth \.N-:16-N-2! 

. ·1 s:a .. 100 North ~-116-N-15 

so1li 

so ill M East !.J,t-216-i-61 

spill 

105-C !'!Or1zonta ~ Control 
Roa Storage ~ve 

105-~• ~r1zontal Ccntrol 
10<l 3t ,::>rage Cave 

253-5 Offgas 7reat•nt 
, ac::1ty 

c56-S-l Suck 

296-S-2 Stack 

296-S~ St.ck 

296-5-6 stack 

~10 Stack 

27 11 -S stack aonitoring oiag 

2~1-C-801 Ces:.ua L~t 
Facility 

221-U C.nyon Blog 

184-N ~y Tank Fuel Oil 50111 

~66~ North :li~l Oil R.ttrn 
Lire LHk 

la.\~ D1!Sel 01! Day T1nk 
Ov!rflOlt 

108-N Neutralization S\Alo 
S0111 

108-N Acic Transfer Soill 

cont• surfaces 

act:;, ve' 

active' 

rad contas struct,ec:no 

~aa10.ctive Contui~t10n Froa 
Ra1iroad Burial~ 

RiO,oactiwly Conti111Nted 
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.• JOl!r 

:·..1 ••• : ,:J(; ~ ,_;[\ - ~ :6--N-6 

s::a l: ~00 ~ \.i.'t- l ;.6-+-7 

s:i ~:: c ()1) :ast ·.,-.-2 ·.1:--£-6i 

5:Jl ~l 201) ..est 1.lf'l-2~6-....-8' 

=:: ::l 2.()0 East :_,N-216-E-70 

; ~ ~ :~ 200 Eas, JN-216-E-88 

s:n i: 21)) :ast : .. --.-c:6--E-,o 

~~ . ~ : -.., ... 2(j; NeSt L! ill-2 ~6-~85 

s:n:: 200 ioest .Jt-2 Hi-1.-86 

sO 1~: ;?CO We-;t i..,"ll-2 16-W-87 

s:,i : i 21:,·,:; west UN-216-~88 

soi l:. 21)) lole<it uN-216-+89 

soill 200 West l.~2!6+90 

OTHER INACTIVE WASTE SITES 
--------------------------------------

Site >;a•/ 
:escn :Jt 1on 

D:.rt S:i 1~ i 

1acicactively Contc1111natec 
7 ,,.110 . eweas 

:iac:.oactive Conta111r.ticm Fro• 
270-E-l Acid r.utral1zation 
ran!< 

Cne111cai Deconta1nna.i or, Dr;,1n 
1..1ne :..e.k 

7en-~rcn Ridio.chve Drain 
~turn Lil"ll :..eak 

1ac1oact1vely Con.u1natl!d 
~i :ie EncaSNeflt 

Rid10iCt1ve Soill ~ ~-S 
~ cli ation Zona 

Raa1oach ve Contu iNtion Froa 
Juaoer Rt!IIIOval · 

Rad1oact1ve Contuir.tion at 

Tt:-4 ~il~ Sour 

!1iCl10iet 1ve S0111 11Hr 221-B 
BuildinrJ 

Rac!i~ive Soill froa ~ult1-
Puroow Transfl!'I" Box 

~idio.ct1ve:y Contuir.tl!Cl 
Pigeon r eces 

Rad1oact1ve 50111 F~oa F.l ter 
~using 

Rad ioactive 50111 Fl"OII iJMi 

Trailer 

~ad1~tive Contuination 
Southwst of 236-Z Bu1 ld1ng 

Radioactive ContaaiNtion 
South of 236-Z Bui~dinq 
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OTHER INACTIVE WASTE SITES 
·------------------------ ·-----------------

--- -------------------------------- -----------------------------------------------. -----------------------

.::C(I .. est :.;N-216-.-'31 ~aci oact 1 ve Cont a1m,at ion Near 
234-SZ Bu1 lcang 

200 :ast A~~crous Aamon1a Release to 
~tr at B illant 

20,) ,o1est :a:.ist 1c S01 l l at Pluton1W1 
F1nisrung Plam: 

.::(11:, :ast 01~ So1ll at 2:l-B Bulk 
Storage Area 

200 E.ast Uranyl ~1trate S01 11 t~ Ground 
rear 2718-€ Building 

200 Diesel r•Jel Soi 11 - 202-A 

;~1l i .300 ~oscnor1c Acia Soill 

300 Fuel Qi l S0111 

sot l l 300 Solvent Reflnad C:0.1 So111 

s;:a i ~ 301) . Uraniua-Bearing Ae1a Solll 
303 F Bu1ld1ng 

4()0 Coolant Soi 11 

600 GisoliM 50111 at ?atrol Boat 
Raf1aling Area 

soill soo Tank Tl"UClt Gasoline Soill 

501 11 loo-t JP!l-loo-f-1 Sew!" lines 

soil ! loo-N JPR-lOQ-N-1 Ltnl! i..eik near 1304-fl 
~111ergency Ou•o fank 

SOl ~l loo-N lJ~R-100-tt-2 L:ne Leai< fro. FLl/858 Valvt 

s:iill loo-N UPR-loo--tt-3 Line Lux froa 10()-N Fuel 
Storage Bu1n 

s:,ill :00-N LlPR-10<>-ft-5 Radi~ive Cnl!lllical W.ste exc:uded; part of active un i t 
~ling Fie1l1ty 

SDlil l•i()--N Ui>R-100-H I 1322-A 5Ulll) ~NO uiiRs 
:.:PR-loo+4 
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SOl~i 

soil! 
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200-E 

200-€ 

200-E 

Offic:1al 
:-i;.111oer 
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u~ii - :Ou-rv- :2 

..;o~-2(,0..E-9 

u;;-i-.:OO-E- 10 

ui:lR-200-i -11 

..;P~-200-€-12 

UPR-200-£-18 

OTHER INACTIVE WASTE SITES 

------------------------------------------------------
51 te 'lame/ 

:es.::r • .::it1on 

Drain l:rie ruuture 

:c,r.tar.nnoited va:ve 8or1net 

:3U+-'I :.Jau,r,i, Stat1or, 
1a::road "aste 7anK 

, . ~-, Drain System 

:66-~ Tank Fann ana ;&,;-, 
Jiesel Oil Day ian~ 

1311)~ Tank 

:314-~ ~ac1oactive ~1ou:c 
~aste ~oac Out ;ac1l1tv 

!304~ ~rgenc:y Duao "."ank 

:301-ti L.cuid ~aste D1su0sa, 
.=ac:1 l1ty 

Eraergenc:~ J•.1110 "."anK Byoass :..ine 

105-i<E 01c-<uo C"lute/fuel Jasin 

Contamrnat 1c,r, r,ear 
Bar~ T Plant StacKs 

216-3v'-5 flush tano< 

.li..iR£X iunnel Rai lrc,ad Tracks 

Buriil Box 

l}-8 Prooort1ona l SaMoler ~it 
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so1 il 

s:nll 

C:Ol ! 

;01 11 

Ot.HIO 

s::n l l 

Sne 
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~l dg SiJill 

SOl~ i 

soill 
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s0111 

soi ll 

soill 

soi ii 
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soili 

soill 
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200-E 
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200-f 

200--€ 

200-E 

200-E 

200-E 

2~ 

200-E 

200-E 

200-€ 

. 200-E 

200-E 

200-E 

OTHER INACTIVE WASTE SITES 

Descr1;;t1c,n 
·----------------------------

u.JR-200-i-22 

uilR-2C11) -e-2i 

:.;P,-~-28 

LiPR-200-E-33 

~-£ ProOOl"'t lONl Saol1r Pit 

Veni ?101 BonNt 

Grourm Conta111nat1on froa 
29: -A Stack 

244-CR Vault 

Process VMsel 5teu Co1i. 

Leaking Boll 

Cc,pner.t; 

,.,;q-200-£-34 ;;-15 PtiREX hrik excluoed; active unit; not ,n sc,:,.;e 

tJPR-200--£-35 218-E-13 

UPR-200-~-36 ' Seai..ar1<s Puaos bo UPAs 
\JPR-200-€-37 

U?R-200-~-~ & 216-IH6B Crio S..ling S."lack tNo UPAs 
... ~R-200-€-40 

UPR-200-€-41 271-8 Buildir1g Waste liN 

uPR-200-£-42 244-AR Diverter Tank 

UPR-200-€-43 102-BY p-, 

UPR-c'OO-E-49 241-AY Tank Fan1 see also 102-BY PUIID 

UPR-200-E-52 E-S-2 StrontiU11 Concentrltor 

uPR-200-E-54 225-B Building 

UPR-200-€-55 212-B Bui ld1nq 

UPR-200-E-56 241-AN Tanks 

UPR-20<K-58 road.ay to 21H-1 dry 
.aste burial ground 

UP!l-200-E-5' 24HX Vault (iwstl 

u?R-200-E-76 9-2 Tank Transfer Line 
216-E-4 
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OTHER INACTIVE WASTE SITES 
.. _ .. _•· -·- -· - -••- • • - ~-• .... -, ,ur.., .. ------------ ------ -------------
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----------
50lil uiiR--200-€-62 B PIAM ir1Mf1r Li,w ;n,u, •iih 241~-152 

216-~-10 aivers1on oox tRCRAl 

':"er,C'l 200-€ i.iP~-21)0--£-8.3 feces 

soi ll 200-€ UPih200-c-81 transfer line f~ PLJREl grouo ~1tn 241-CR-151 
a1vers1on oox l~RAl 

S~li~ 2oo-€ u;,h•00--£-86 No. 812 Transf,r ~ine 
216-€-14 

SJl ~~ 200-c u;iR-21)0-i::-87 ~lutoniUII ContaaiNt1on near 
224-B Bui ldiNJ 
216-€-15 

5:! l ii 200-€ uiiR-20(1-c-92 cor,taa thistles nHr 

200 East Ar-N Burial Ground 
216-i-20 

so1i l 2(()--£ uP"-200--£-93 200 Ent ArN Buriil Sround 
216-£-21 (contu tnistlesl 

c:sc:;arge 200-€ i.i;lR-:.'00--£-~ 241-i: 7anK Foll""I Gr.wl Pit 
216-€-22 

Sul ~ 1 200-i uPR-200-€-95 B-Pl1nt Rulr'Oid ~ 
216-£-23 

cor.t art 200-€ uP~-2'»-£-9£, 1"i betMN'!'I 291 ~ stici< •nd 
di ....,,ion box 
216--£-e4 

soi ii 200-€ uPR-200-€-97 ground c:ontu1Nti011 
216-€-25 

contc111 200-€ l!?R-200-e-96 arN nNr 291-i: St.cK 
216--£-26 

50111 200-€ UPR-200-€-9C3 244-i:R Vault (nNr 241-i:) 
216-€-27 

scull 200-€ UPfH00-£-105 107-BY Titlk Farw ?'???? 

so ill 200-€ UPR-200-i-106 BurniNJ Ground ??'.'??? 

soil l 200-€ UPR-200--£-107 100-CR T1nic ?????? 

soil l 200-£ JP~200-E-112 Cesiua Ion Exchanqt Colua1 
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OTHER INACTIVE WASTE SITES 

------ -------------------------
Sltl ArN Otf1c:i1l . Sitt llat/ 
.,. 't':fe !'IU110e!" ~1tJt1on ~is 

------------------ ·-----------------

oit 200-€ UPR-200-€-114 202-A Building Valvt Pit 

soil l 200-£ iJPR-200-£-116 112-BV PUJ10 

soi :! 200-£ JjJ~-200-f-ll7 200 East/OwREX ~H 

Ur\M 200-€ i.iPih?OO-£-l 18 l07-C Effluent Ti11k 

;J: : l 200-~ ;.;PR-200-E-120 l Jluton1U11 Extraction Colwm ho ~PRs 
wPR-200-...-57 Fire 

5~! ~4 200--i JPR-2~-121 ~l utoniua Extraction Col'.im'l 
Rele.sa 

soi li 0)-w UP~-200-.-3 T Plant Railro1d 

solll 200-W i.J PR-200-w--4 9urial Box 

Cl 'ie!'S10n !XllC 200-W JPR-200-w-S 241-TX-155 OiVl!r'SiOfl Box '71???? 

leaK 200-1J UPR-200--rll REOOX rH Oxidizr Coil 

leak 200-W UPR-200-.-15 ~X D-12 ~tt Concentrator 
Sttu Coii 

trencn 200-. IJPR-200-W-16 Ory Wutt Burid 6round ??????? 

501 11 200-W UPR-200-W-17 !JUIID triMf!I" lNk 

leak 200-w UPR-200-w-14 .ut1 line froa 2~-T bldg 

leaK 200-w UPR-200--v-19 lNll at 216-uR crib 

soi ll 200-W UPR-20(H,l-22 UNM Solution 

so. :1 200, UPR-20<rW-23 Waste Bo11 

50111 200-W UPR-200-w-27 T-Plant F1rst-{;yc le Wiste Line 

di version bo11 200-w UPR-200-~28 241-TX-155 0i'lft'1ion Bo11 ?????? 

d1vers1on 0011 2()0-W UPR-200-w-29 line lNk grouD •ith 241-TX-153 
di version bo11 

C1:>il 200-W UPR-200-W-31 202--5 Building Coil Leiks 

soill ~ UPR-200-W-32 REOOX l:t1 Transfl!" Lirw 

soill 200-W UPR-200-w-33 C-5 Cond~tl Line 

24 



· ·;:>e 

S~il~ .:.~)0-11 

s:i. i.~ 200-• 

Cl Y~!"S:vr• :-CK ,::,)0..,,. 

=..1• •• 201)-,. 

✓---
,:J:~l 200-iii 

~ - .... - ;:)(:-M 

~:1 :l cJO..,,. 

:01~~ 2:)0-w 

i~! - .. .:00-w 

S~! l~ 200-ii 

s-,1 d 2-X>-. 

s~~:: 2(-)-,j 

s:,.~ 2(:C-W 

SJi ... .:.JD-11 

S:i l: i .:~hi 

s.:;: i. i 200-li 

-- ... \ ~- ... 200--w 

s~~ ll 200-111 

contaa 200-W 

so1ll 200-W 

s0111 cJO-w 

S01 ii 200-w -~ 

s0111 200-w 

t~ 200-W 

OTHER INACTIVE WASTE SITES 

----------------------------------------------------------
Off:cal 

1,.; P~-20(;-w-38 

:,;P~-2(:0--.r 313 

~~R-2=:•v-.-40 

w~~-2(:0-•-41 

,_,,j~-200-.-42 

., PR-21l !-w-43 

u:i ,-200-,HS 

..,PR-200-il-46 

_:P~-200-w-47 

;_; ~~-200-il-48 

J,-R-200..,....53 

., ~ -- -2(\0-.,-55 

-~~-20C-r56 

..;i-~-20(hr58 

"~ 1-c.;0-ioi-5'3 

,)R-200-.-60 

J;l!l-200+61 

u?R-200-w-£2 

u?R-200--it-63 

=JP>l-2•.)()-w-64 

:.PR-~-W-65 

JPR-200-w-67 

UilR-200-IHB 

UPR-200-W-70 

::irocess 

Site "-•I 
Descr1ot.on 

:.. ne :,ear 
24:-TX-~~ 01vers1c,r, 
224-u Bu1 ~i:1ng 

224-u BIJ l lO l !'IQ 

s-;; lant aurial Box 

Box 

5-P1ant ~ilro.a ShacK 

S-C lant 

200 west ArN Burial Ground 

REDGX ~-2 C.,,trifuge 

~x ~nd 

221-U Ra1:road Crossing 

200 West ArH Buriil 6round 

224-U L<:..lC, rig Raac 

202-5 Coluan Carrier T~nc, 

221-T C.nyon IA '' .. Bloc:kS 

202-S F'-1 Process 'v'tss.l Coil 

221-U R.1 iro.c Cut 

241-SX Transfer Lire 

23rd St and Caad"'1 Ave 

arN near 
241-TX-153 D1vtrsion Box 

~3rd St and C.aden Avt 

T Plant Rail~ Cut 

27<:fi-T Building 

13th St and Oaytoo Ave 

200 Wnt ha Burning 6ro1Jnd 

25 
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Sitt 
~VOi! 

OTHER INACTIVE WASTE SITES 
, _______________________________________ , _____ _ 

;Jffic1il 
Nuaoer 

Site '4••1 
Descriotton 

---------------------------------------

soi li 

20(Hi 

200-Ji 

200-• 

s:11 :.l 200-W 

soi ll 20v-,1 

200-W 

s011! 

soiil 

so ill 

50111 200--W 

so i 11 

soi il 

s01ll 

soili 

s0111 

soill 

soill 

uP~-200-,-- 73 

._,J R-200-it- 77 

wPR-2:)C-lo;-78 

uiJR-200-il-97 

UPR-200-+-84 

UPR-200+$ 

UPR-200+98 

22:-T Turine l 11u ~r0id 
Ri;h,-of-..y 

24:-z :ff:uent !'ieiaer D-3 

24~-Z 0--7 ~ole Cao1net 

241-TX D1ver5ion Box 

J:3 St1:1rige Arei 

241-Z suao 

orocess !ire lHk 
302-5 C.tcil iinlt 

202-S Buildinq Coil LNu 
21&+2 

233-5 Filtl!I" House Driin Lirw 
216-W-4 

R-19, 222-7 Bu1laing Tr1nsfer 
Luw 
216-+6 

uPR-200-IH30 lli5h ~lnt it 231-Z blog 

UPR-200-1t-101 22HJ Building 
216+9 

UPR-200+116 204-5 Wast, Storige Tank 
216-W--26 

UPR--200~-123 204-S Unloading F.cility h1 

26 

grouJ wl~n 2!6-8-3 ;~~Al anc 
2:6-B-2-2 :CE~~A; 

~roug w1tn 241-s::51 (~C~AJ 
and 302-5 c:atC!': tan1< tRCRAJ 



SOl ll 

so1ll 

so1 :1 

5:Jl ~ ~ 

soi: : 

:eal'. 

s.i1 lj 

501!1 

so1:l 

soll l 

soil i. 

so1 il 

so1 i.l 

50111 

s01i : 

SOlli 

SMl l: 

solll 

solll 

50111 

solll 

fl~ 

Sitt 
i yc» 

soi 11 

OTHER INACTIVE WASTE SITES 
----- --·· --- - - ----

200-W 

200-w 

200-w 

200-W 

2•)0-w 

200-• 

200-111 

200-w 

2~ 

200-W 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

300 

Qfficiil 
~WIOtl" 

:.!Pll-200--W-124 

:.;~R-200-w-125 

UP-~-200--W- 127 

J;J R-200-11-128 

JP~-200-w-l,:'j 

. .,;i~-200-it-:30 

JP~-200-11-131 

Li;JR-200-it-132 

i.JPR-200-+133 

UPR-200-1Hl8 

Ll;;il-300-4 

JPR-300-5 

:.J;':lih300-7 

UPR-300-8 

IJPR-300-9 

UPR-300-2 

i..PR-300-11 

UPR-300-12 

UPR-300-13 

UPR-300-14 

UPR-300-15 

UPR-300-17 

UPR-300-18 

Sitt Nut/ 
:>escn at 1 on 

REDOX Pona 

transfer :1ne 288-U tank 

24c-S 81J1lo1ng 

t;- 103 '."ank 

~UMo Pit it TX-113 Tink 

leiK1nq -.ste l ine flange 

155-TX Di Vtl"SlOfl Box 

241-UR-151 Oivt~ion Box 

ViC"JWI OU.D 

221-U Building Veswl Vent 
Bl Olla!" Pit 

REDOX ind Pure. Equicant 

309 Storige &sin Fill Line 

384 Building 

311 Tri FaMI uustic Stor•ge 
Tinlt 

306-N Building 

DecontuiNtion ~ste re.,-

340 0u1ic1ng 

Rad1~tive L1ou1d Wiste Line 

325 Building 

tank leik 

Fill Tink No. 32 

'?????? 

?????? 

????'???? 

Ac:1d Storigt TVll<s Nos. 3 ind 4 

Dural Box 

!lriin Holt 

27 
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OTHER INACTIVE WASTE SITES 

-----------------------------------
OffiClil 

1'1WIOel" 

Site~/ 
Descriohon Collml!nts 

- . -------------------------------------------------------------

501 ll 300 UPR-300-i.9 313 Build1ng - Che.1c:al StoriQI! 
ArN 

sci ll 300 Li PR-300-20 313 Bu1la1r111 - Uriniua Recovll"y 
J:hi 

s::n: : 300 iJPR-300-21 333 Sui loing - Chetnc:il S.y Are1 

soi ll 300 UPR-300-2:2 333 Buila1nq - Cnaic:al S.y ArN 

Sol : : 300 i.J~?.-300-23 333 Bu1loing - Tl"'1!1'lCh P101ng 
Syst111 

so ili 300 JPR-300-24 333 Building - W.stt Ac:1d 
Syst111 

sc1 l i 300 LiPR-300-25 333 Bu1ld1ng - Uraniua ~ill 
T1ni< 

sc1 l i. 300 wPR-300-26 311 T1nk Fal"W - C.ust1c: Storag1 
Tw 

. . , 
Si:il ,. .,. 300 UPR-300-27 333 Builoing - Urifti111 Bearing 

Acid Storage TaM 

s:n ll 300 UPR-300-28 ~ Building - Smtrt Wish 
Acid Storage Tanks 

s:n ll 300 i.JPR-300-a 333 Building- W.stl Acid Systea 

so1li 300 J::>R-300-30 333 Building- Wiste Acid Systl!II 

501 i.1 300 Lil>fl-300-32 33J Building - Uraniia BNrinq 
Acid Syst111 

soill 300 UPA-300-33 333 Building- waste Acid SystN 

spill 300 UPR-300-34 333 Builoinq- Waste Acid Sys;a 

soill 300 UPR-300-35 333 Building - Urani1a Bearing 
Acid Facility 

soill 300 UPR-300-35 333 Building - Urani1a Bearing 

so ill 300 UPR-300-36 333 Buildinq- Wiste Acid Syste11 

soill 300 UPR-300-37 3l3 Building- Misti 'cid SystN 

28 
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I 

s01il 

S!Jl l l 

SJlll 

Site 
Ty.» 

contil.11 

S!Jl ~. 

soili 

fi re 

300 

300 

oOO 

600 

o 1 soosal 200-W 

c:ontu1 Nt ion 200-£ 

100-N 

OffiClil 
N1.111ber 

\J PR-300-39 

>JiliH00-11 

..iPR-600-12 

UilR-w<H4 

UPR-60lH5 

LJPR-600-16 

OTHER INACTIVE WASTE SITES 
- - --- - ------------------·-----

Site Nae/ 
Descr1otion 

31.3 Bu1la1ng - Uraniua Rac:ov.,-y 
;'.rs 

311 ram< Fan Ciustic StOl"ag, 
Tin1< 

311 T ar,k F i1'11 Pi oe T i,nch 

oer11 1Yter-ul 

200 East Hill 

618-4 Bur iil Sround ??????? 

120 Building CP-11 F1ei l ityl 

~~R-1 100-5 1171 Bui lding 

UPR-3000-1 Ridllind City 5etiler- Systl!II 

;JPR-200-W-13'4 iaaroperly disDOYd drua 

UPR-200-W-34 ditc:h over-fltw to cha SN!I" 

UPR-200-£-111 soil contu1~t10n in pit 

iJt-216-£-90 

iJPfHOO-ft-12 

unknown conh11inat ion 

so.1c:er transoort l iiw lNk 

29 
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SITES EXCLUDED FRCJI INACTIVE WASTE DISPOSAL SITE STUDY 

' 
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SITES EXCLUDED FROM INACTIVE WASTE DISPOSAL SITE STUDY 

2727-S Nonradioactive Dangerous 
Waste Storage Facility 

241-A-151 Diversion Box Radio
active Contamination 
(UN-216-E-65) and 
UPR-2OO-E-25, -26, and 
-31 

216-A-42 Diversion Box 

16O7-K3 Septic Tank 

166-N Fuel Oil Leak 
(UN-116-N-24) 

1OO-N Fuel Basin Leak 
(UN-116-N-35) 

UPR-2OO-E-14 

UPR-2OO-E-13 

UPR-2OO-E-15 

UPR-2OO-E-21 

UPR-2OO-E-29 

UPR-2OO.-E-34 

UPR-2OO-E-51 

UPR-2OO-E-79 

UPR-2OO-E-84 

UPR-2OO-W-6 

Basis for Exclusion 

31 

included in Part 8 permit 
application 

spill associated with active 
waste management unit 

spill associated with active 
waste management unit 

active unit 

active unit 

active unit 

part of 216-8-3 pond which 
ii an active unit 

associated with CERCLA site 

associated with CERCLA site 

associated with CERCLA site 

associated with CERCLA site 

associated with active 
waste management unit 

associated with active 
waste management unit 

associated with active 
waste management unit 

associated with active 
waste management unit 

associated with active 
waste management _unit 



UPR-200-W-21 

UPR-200-W-36 

UPR-200 -W-66 

associated with active 
waste management unit 

associated with CERCLA site 

associated with CERCLA site 

NOTES ON SPILLS ASSOCIATED WITH UNITS 

UPR-600-1 
UPR-600-2 
UPR-600-3 

UPR-600-4 
UPR-600-5 
UPR-600-6 
UPR-600-7 
UPR-600-8 
UPR-600-9 
UPR-600-10 

GOES WITH 

GOES WITH 

618-10 

618-11 

UPR-200-W-8 
UPR-200-W-37 

GOES WITH 200 West Burning 
Ground 

**?? is this the same as the burning pit??** 

UPR-200-W-66 GOES WITH 

UPR-200-W-72 GOES WITH 

UPR-200-W-8 GOES WITH 
(coord: N42500/W73350) 

**?? which burn pit??** 

UPR-200-W-11 GOES WITH 
(coord: N40160/W77009) 

**?? which one??** 

UPR-200-W-18 GOES WITH 

UPR-200-W-16 GOES WITH 
(coord: N42700/W77600) 

**?? which one??** 

32 

216-B-3 pond (active) 
and . 
216-8-2-2 (CERCLA) 

218-W-4A (Dry Waste 
Burial Ground 4A) 

200 West Burn Pit 
(p. 612 missing -
which burn pit 
check coord) 

200 West burial 
ground 

216-U-9 ditch 

dry waste burial 
ground 



APPENDIX D-2 

LIST OF SITES 
SORTED BY NEED FOR ACTION AND LOCATION 



100 B/C AREA SITE COi:€ "1ATRIX 

Site Official Site Nae/ Unit 
Code Number Descriotion Type 

----- ---------------
1ER 107-Bt 107-B Retention Basin Retention Basin 
l!R 107-Ct 107-C Retention Basin Suap Tanks 
2CJII 118-C-1 1~ Burial Ground 118-C-1 Burial Ground 
20I 118-B-1 105-B Burial Srourd 118-B-1 Burial Ground 
2£Q 105-Bt 105-B Battery Acid Suap <31 SUllp 
a.a 1008/Ct 100 B/C Burning Pit Burning Pit 
l:JII 118-B-2 Construction Burial Ground tl Burial Ground 
n 118-B-3 Construction Burial Ground t2 Burial Ground 
3IQ 1607-Blt 1607-Bl Septic Tank (31 Tank/Ti le Field 
3IQ 1607-831 1607-83 Septic Tank (3) Tank/Ti le Field 
3IQ 1607-B7t 1507-B7 Septic Tank (3) Tank/Tile Field 
3IQ 1607-BS• 1607-88 Septic Tank (3) Tank/Tile Field 
4CJII 118-B-7 111-B Soild Waste Burial Site Burial Ground 
4CR 118-B-6- 108-B Soild Waste Burial Groun Burial Ground 
4CR 118-B-S Ball 3X Burial Ground 118-B-5 Burial Ground 
4CR 116-B-2 105-B Storage Basin Trench Trench 
4GM 116-C-2-2 105-C Pluto Crib Sandfilter Crib Sandfilter 
46M 116-B-£-2 111-B Crib t2 116-B-£-2 Crib 
4GM 117-Ct 117-C Crib Crib 
46M 116-B-9 104-8-2 French Drain French Drain 
4GJII 116-8-S 108-B Crib 116-B-5 (9l Crib 
46111 117-8• 117-B Crib Crio 
4GM 116-8-3 105-B Pluto Crib 116-B-3 Crio 
46111 1:6-B-10 108-B Ory Well, Quench Tank Dry Well 
4Gi'! 116-8-6-1 11.1-B Crib 11 116-8-6-1 Crib 
5CR 118-B-<\ 105-B Spacer Burial Ground Burial Ground 
~Q IS..-Bt 184-B Powerhouse Ash Pit (3) Pit 
SIR 118-C-2 105-C Ball Storage Tank Tank 

-------

1 



100 DIOR AREA SITE CODE MATRIX 
--------------------------------------------------------------------

Site Officiat Site Name/ Unit 
::Ode Nulliber Descri oti on Type 

------------ ---------
1E~ 107-DR• 107-DR Reter,tior, Basin · Reter,tion Basin 

1El' 107-D+ 107-D Retentior, Basin Retention Basin 

2C~ 1~8-D-4 Construction Burial Ground Burial Grc,und I 2Cit 118-D-3 100 D Buria l Ground 13 118-D-3 Burial Ground 
2:tll 118-[H 100 D Burial 6reiund Ill 118-D-1 Burial Grour,d 
2:ri, 118-DR-l 105-DR Gas Looo Buriat Ground Burial Ground 
2C~ 11B-D-2 100 D Burial Ground #2 118-0-2 Burial Ground 

2CR 118-D-5 Ba ll 3X B1Jria l Ground ! 18-0-5 Burial Ground 

2m 1706-D+ 1706-D 6as Stc,rage Tank (3) Tank 

201' 1608-DR* 1606-DR Waste Water PumpinQ Pumping Station 

3GG 1607-04+ 1607-04 Seotic Tank Tank/Tile Field 

3GQ 1607-D1+ 1607-D1 Seotic Tank Tank/Tile Field 

4CR 116-0-lA 105-0 Storage Basin Trench 111 Basin Trench 

/+ER 116-DR-3 105-DR Stora9e Basin Trench Basin T rerie:h 

4Gill 116-D-2 llf..rD Pluto Crib 116-D-2 Crib 

46:", 1 Hi-D-3 108-D Crib il 116-0-3 French Drain 

4811! 116-DR-4 105-DR Pluto Crib 116-DR-4 Crib 

4G"- 116-0-4 108-D Crib 12 116-D-4 French Drain 

4Gi'I 116-DR-8 117-DR Crib Crib 

46" 116-0-6 105-D Cushior, Corridor French French Drain 

4GS 117-D• 117-D Crib Crib 

4LQ 100-D/ORt- 100 DIOR Burning Pit Burning Pit 

40M 100-Dt- 100-D Cask Storage Pad (3) Storage Pad 

5~ 1608-0i 1608-0 Waste Water PU11oing Pumping Station 

-----

2 



100 F AREA SITE COD£ ~ATR IX 
---------------------

Site Official Site Name/ Unit 
Code Nu11ber Descriction Type 

-----
lER 107-F• 107-F Retention Basin Retention Basin 
lKR 118-F-7 lOOF Miscellaneous Hart!ware Burial Vault 
2CM 118-F-1 Burial Ground t1 118-f'-1 Burial Ground 
2CJII 118-F-3 Burial Ground 12 118-F-3 Buriil Ground 
2CIC 118-F-6 Pt«. Solid Waste Burial Ground Burial Ground 
2DI 118-F-2 Burial Ground 12 118-F-2 Burial Ground 
2011 1608-F• 1608-f' Wastewater ?Wiping Pu•ping Station 
3GJII 116-F-!3 1705-F Experiaental Sarden French Drain 
]jQ 1607-FS• 1607-FS Septic Tank Tank/Ti le Field 
3GQ :607-F4t 1607-F4 Septic Tank Tank/Tile Field 
3GQ 1607-F3• 1607-F3 Septic Tank Tank/Tile Field 
3GQ 1607-f6t 1607-F6 Septic Tank Tank/Tile Field 
l,Q 1607-=-Ftt 1607-Fl Septic Tank Tank/Tile Field 
40! 1:8-F-4 11S-F Pit 118-F-4 Burial Ground 
4GM 116-F-5 Ball Washer Crib 116-F-5 Crib 
46M li6-F-1! 105-F Cushion Corridor French French Drain 
.4GM 116-F-4 105-F Pluto Crib 116-f'-4 (9) Crib 
4GR 116-F-12 148-f' Frf!l"lch Drain 116-F-12 Frm:h Drain 
4GR 116-F-7 117-F Crib 116-F-7 French Drain 
~Q 100-Ft 100-F Burning Pits i2 Burning Pit 
~R ~ 18-F-5 PNI. Sawdust Repository 118-F-5 Burial Grour,d 
SEQ 184-Ft 184-F Powerhouse Ash Pit (3) Pit 

3 



100 H AREA SITE CODE MATRIX 

Site Official Site Name/ Unit 
Code NU11ber Oescriotion Type 

lER 107-+lf 100-H Retention Basin 107-H Retention &sin 
2DI 118-H-5 105-H Thillble Pit 118-H-S Pit 
2CM 118-H-2 H-1 Loop Burial Area, 100-H Burial Ground 
2DI 118-H-3 Construction Burial Ground Burial Sround 
2CM 118-H-1 100 H Burial Sround tl 118-H-1 Burial Ground 
2DI 118-H-4 Ball 3X Burial Ground 118-H-4 Burial Sround 
20JII 16-06-+lf 1608-H Waste Water PU1110ing PU11ping Station 
3EQ 184-+lf 184-H Potlerhouse Ash Pit (3) Pit 
J3Q 1607-H-2+ 1607-H2 Septic Tank Tank/Tile Field 
3GQ 1607-H-4+ 1607-H4 Septic Tank Tank/Tile Field 
3GQ 1607-H-31 1607-H3 Septic Tank Tank/Tile Field 
46M 117-H+ Crib 117-H Crib I 4GM 116-H-4 105-H Pluto Crib 116-H-4 (9) Crib 
4LQ 100-li2t 100-f'c Burning Pit for Residue Burning Pit 
4LQ 100-Ht · 100 H Burning Pit Burning Pit 

4 



100 KE/KW AREA SITE CODE MATRI X 
---------------------------- ----

Site Off icial Site Na111e/ Unit 
Cc,de Nu111ber Descr i ot ion Type 

-----------------------·-----·---------
1FQ 100-KE•3 183-KE Filter Water Faci li ty Trench 
1GR 116-KE-1 115-KE Conderisate Crib Crib 
!GR 1:6-KIH 115-KW Cor~ensate Crib Crib 
!GS 116-KE-3 105-KE Storage Basir1 Fr Dra in j;rench Dra in 
1GS 116-K~-2 105-KW Storage Basin Fr Drain French Drain 
1IQ 166-KW* 166-K~ Oil StoraQe Tank Tank 
:rn 17t7-K• 1717-K waste Oil Storage Tank Tank 
1 IQ 166-KE* 166-KE Oil StoraQe Tank Tank 
1iS 107-Klol• 107-KW Reter1tion Basir1 Ret er,t i c,r, Basin 
1IS 107-KE• 107-KE Retention Basin Retention Basin 
2CR 118-K 1oo--K Burial Ground 118 K Buria l Ground 
2HQ 183-KE2• 183-KE2 Sulfuric Acid StoraQe Tar1k 
2HQ 183-KE• 183-KE Liauid Alu• Storage TanK 
2IQ 105-KW• 105-KW Eft!ergency Diesel Fuel Tank 
2m 1717-Kt 1717-K Gas Storage Tank (3) Tank 
2m 1if..r-KE• 105-KE Emergency Diesel Fuel Tank 
2IQ 182-K+ 182-K uergency Cooling Flow Tank 
4HQ 183-KW2* 183-KW2 Sulfuric Acid Storage Tank 
4HQ 183-KW+ 183-KW Sodium Dichrocaate Tank Tar1k 
4HQ 183-KWt• 183-KWl Sulfuric Acid Storage Tank 
~HO 183-i<El • 183-V.£1 Sulfuric Acid Storage Tank 
00 183-KE• 183-KE Sodiwr. Dichromate Tank Tank 
~Q 100-K+ 100-i< Burning Pit Burning Pit 
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100 t{)RTH AR£A SITE CODE ~TRIX 
------ .---- -----·-------------------

Site Official 
Code Number 

100 120-N-3 
lGQ 120-N-7 
1GQ 120-N-6 
1JQ l1H16+22 
1JQ LN-116+23 
1LQ 128+1 
I,Q 124-N-8 
300 124+4 
B 124-N-6 
3GQ 124+7 
l3Q 124-N-5 

Site Name/ 
Oescri ot ion 

163-N Neutralization Pit/Drain 
Acid Unloading Facility 
108-N Acid Tank Vent French 
184-N Diesel Oil Supply Line 
184-N Diesel Oil Supoly Line 
100-N Burning Pit (128+1) 
124-N-8 Septic Tank 
124+4 Seotic Tank 
124-N-6 Septic Tank 
124+7 Septic Tank 
124-N-S Septic Tank 
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Unit 
Tyoe 

Pit 
French Drain 
French Drain 
Line Leak 
Line leak 

Burning Pit 
Tank/Drain Field 
Tank/Drain Field 
Tank/Drain Field 
Tank/Drain Field 
Tank/Drain Field I 



200 ~CRT:-i ~KEA SI "'."E COCE .~ATRI X 

Site 
Cc,ce 

ljffic:al 
,'iumber 

Site Name/ 
Descriotion 

Unit 
Tyoe 

----------------------------------------------------------
:ER 216-N-4 
lER 216-N-6 
4ER 216-N-3 
4ER 2:6-N-5 
4ER 216-N-2 
4ER 216-N-7 
4ER 216-N-1 

212- P SwaJRo, 216-N-2, 216-N-4 
212-R Swamo, 216-N-6 Sw.imo (9) 

212-IJ-2 tr,mch, 212-N-3 
212-P trench, 216-N-5 trench 
:~!6-N-l Trer,cn, 216-N-2 
212-R trench, 212-N-7 trench 
212-'i Swamo, 216-N-1 Swamo, 

9orrd 
Pond 

Trencn 
Trench 
Trer,ch 
Trench 

Pond 

----------------------------------------------------------
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200 EAST AREA SITE CODE ~TRIX 

Site Official Site Naae/ Unit 
Code NU11ber Descriotion Type 

!C Ut't-216-E-72 LtH16-E-72 !I.KOVERED WASTE) soill site 
1D UPR-200-€-85/124 UPR-200-€-85/124, R-13 Pit pit 
1E 216-B~-1 216-B-2, B DITO-I ditch 
16 216-B-47 216-BY-5 CAVERN/CRIB crib 
!G 216-B-18 216-BC-5 Crib crib 
16 216-A-2~ 216-A-26 French Drain french drain 
!G 216-B-8 241-B-3 CRIB crib 
16 216-B-15 216-BC-2 Crib crib 
1G 216-A-l 216-A-1 C.vern crib 
16 216-B-14 216-B-14 crib 
16 216-B-19 216--BC-6 Crib crib 
16 216-B-17 216-BC-4 Crib crib 
16 216-8-12 216-E:R-1, 2, 3 cribs, 216-E:R cribs - 3 
16 216-A-2 216-A-2 C.vern crib 
16 216-B-9 216-B-361, 241-B-361 crib/tile field 
1~ 216-A-10 216-A-10 crib crib 
16M 216-B-10B 216-8-10B crib 
lH 205-A 205-A SILICA 6EL FACILITY tanks 
1H 270-£• 270-£ Condensate neutral. tank 
!HIii 224-Bt 224-B COC. FACILITY tank 
1HM 242-B• 242-B Evaporator evaporator 
1I 216--:A-524 216-A-524 Control Structure box 
1I 241-CX-72 241-CX-72 Tank tank 
1I 241-CX-70 241-CX-70 tank tank 
1I 241-B-361 241-8-361 settling tank tank 
11111 241-8-301-C catch tank 241-B-301-C tank 
!IM 241-BX-302-A catch tank 241-BX-302-A tank 
1IM 241-C-152 241-C-152 diversion box diversion box 
m, 241-BX-302-B catch tank 241-BX-302-B tank 
lIM 241-9-153 241-8-153 diversion box diversion box 
!IM 244-CRt catch tank 244-CR tank 
11111 241-BX-302-C catch tank 241-BX-302-C tank 
m, 241-AZ-151 catch tank 241-AZ-151 tank 
m, 241-C• 241-C tank fani tanks 
m, 244-BXR• catch tank 244-BXR tank m, 241-B-301-B catch tank 241-8-301-B tank 
11M 241-AX• 241-AX tank fal"II tanks 
UN 241-B• 241-B tank fani tanks 
m, 241-A-302-B catch tank 241-A-302-B tank 
lIM 241-BX• 241-BX tank fani tanks 
me 241-9-302-B catch tank 241-8-302-B tank 
lIM 241-BY• 241-BY tank farw tanks 
1IM 241-BYR-153 241-BYR-153 diversion box diversion box 
llfl! 241-A• 241-A tank far11 tanks 
1J UN-216-E-63 L.W-216-E-69 Railroad Car Flush spill site 
2B 216-€-3 216-€-9, 200 East Regulated burial vault 
21 244-CR• 244-CR receiving vault receiving vault 
2I 244-BXR• 244-BXR receiving vault receiving vault 
2!111 241-BYR-151 241-BYR-151 diversion box diversion box 
211'1 241-AZ-151 241-AZ-151 diverter station di verter stat ion 
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200 EAST AREA SITE CODE ~TRIX 

Site Official Site Name/ Unit 
Code Nu•ber Descr i pt i or, Type 

2IM 241-BX-155 241-BX-155 diversion box diversion box 
2I~ 241-AY-152 241-AY-152 diverter station diverter station 
2!M 241 -B-252 241-B-252 diversion box diversion box 
2IM 241-A-153 241-A-153 diversion box (?) diversion box 
WI 241-BXR-153 241-BXR-153 diversion box di version box 
2Il!I 241-BYR-154 241-BYR-154 diversion box diversion box 
2IM 241-CR-152 241-CR-152 diversion box diversion box 
21111 241-C-154 241-C-154 diversion box diversion box 
Wt 241-C-153 241-C-153 diversion box di version box 
2IM 241-BX-153 241-BX-153 diversion box diversion box 
w, 241-BR-152 241-BR-152 diversion box diversion box 
2!111 241-AY-152 241-AY-152 diversion box diversion box 
w, 241-C-252 241-C-252 diversion box diversion box 
21111 241-CR-151 241-cR-151 diversion box diversion box 
2IM 241-A-152 241-A-152 diversion box diversion box 
2IM 241-BX-154 241-BX-154 diversion box diversion box 
2IM 241-BVR-152 241-BYR-152 diversion box diversion box 
2IM 241-CR-!53 241-CR-153 diversion box diversion box 
2IM 241-C-151 241-C-151 diversion box diversion box 
2IM 241-BXR-152 241-BXR-152 diversion box diversion box 
eJ UPR-200-E-44/103 UPR-200-E-44/103/123 BCS LINE spi 11 site 
20 218-E-14 218-E-14 PUREX ruta. NO. 1 burial tunnel 
3D 200 Area Construction Waste pit 
36 sanitary waste drain field drain field 
4C 218-E-2 218-E-2, 200 East Iridustrial burial ground 
4C 218-E-3 218-E-3 Burial Ground burial ground 
4C 218-£-13 LN-218-£-13 Burial Sround burial ground 
4C 218-£-1 218-£-1, 200 East Dry Waste burial ground 
4C 218-£-5 218-£-5 Burial Sround burial ground 
4C 218-£-2A Reg. Equii-nt Storage trench 
4C 218-E-4 218-£-4, 200 East/Minor No. 2 burial ground 
4C 218-£-8 218-£-8, 200 East Construction burial ground 
4C 218-£-6 218-£-6 Burial Sround burial ground 
4C 218-E-SA 200 East Industrial Waste t5A burial ground 
4CM 218-E-12A 218-£-12A, 200 East Dry Waste burial ground 
4E 216-B-52 216-8-52 Trench trench 
4E 216-8-3-1 216-B-2, B SWAMP DITCH ditch and pond 
4E 216-B-20 216-IK:-7 Trench trench 
4E 216-9-31 216-IK:-18 TRENCH trench 
4E 216-B-3-2 216-9-2-2£, B SWAMP DITCH ditch 
4E 216-B-22 216-BC-9 trench 
4E 216-B-27 216-BC-14 TRBCH trerch 
4E 216~-19 216-A-19 6rave/SW1p/Test hole trench 
4E 216-A-34 216-A-34 Crib ditch 
4E 216-9-42 241-BX-8 Srave,216-BX-8 Trench Trench 
4E 216-B-58 216-B-58 TRENCH, 216-B-59 CRIB crib/trench 

· 4E 216-B-54 216-B-54 Trench trench 
4E 216-9-SJA 216-B-53A Trench trenc:h 
4E 216-A-18 216-A-18 Excavation trench 
4E 216-B-29 216-BC-16 Trench trerch 

9 
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200 EAST AREA SITE COD€ l'!ATRIX 

Site Official Site Mae/ Unit 
Code NU11ber Descriotion Type 

4E 216-B-40 241-BX-£ Grave/Trench Trench 
4E 216-B-36 216-BX-2 Trench/Grave trench 
4E 216-B-34 216-BC-21 Trench trench 
4E 216-B-25 216-BC-12, 216-B-24 trerch 
4E 216-B-41 241-BX-7 Srave,216-BX-7 Trench Trench 
4E 216-B-35 216-BX-l Trench trerch 
4E 216-B-53B 216-B-53 TR8CH trench 
4E 216-A-20 216-A-20 Grave/Swap/Test hole trench 
4E 216-B-28 216-BC-14 TRENCH trench 
4E 216-B-23 216-BC-10 TRENCH trench 
4E 216-B-32 216-BC-19 trench 
4E 216-B-30 216-BC-17 TRENCH trench 
4E 216-B-24 216-BC-ll trench 
4E 216-B-21 216-BC-8 Trench trench 
4E 216-B-33 216-BC-20 TRENCH trench 
4E 216-B-38 216-BX-lt Trench trench 
4E 216-B-39 241-BX-S BRAVE,216-BX-S TRENCH Trench 
4E 216-B-26 216-BC-13 TRENCH trench 
4E 216-B-37 216-BX-3 Trench trench 
ID! 216-C-3 216-C-3, 201-C Leaching Pit leaching pit 
4G 216-C-4 216-C-4 crib crib 
46 216-B-57 216-B-S7 Crib crib 
4G 216-A-35 216-A-35 Dry Well french drain 
46 216-A-32 216-A-32 crib 
4G 216-A-14 216-A-14 French Drain french drain 
46 216-A-22 216-A-22 French Drain crib 
4G 216-B-11-A/B 216-B-11 CRIB, 242-B-1 CRIB reverse we 11 
46 216-A-31 216-A-32 Crib crib 
4G 216-A-39 216-A-40 CRIB/TREr«ll crib 
46 216-A-11 216-A-11 French Drain french drain 
4G 216-A-16 216-A-16 Dry Well frerch drain 
4G 216-A-13 216-A-13 French Drain french drain 
4G 216-A-23A 216-A-23A French Drain french drain 
46 216-A-33 216-A-33 Dry Well french drain 
4G 216-A-17 216-A-17 Dry Well french drain 
46 216-B-13 216-B-13 french drain 
46 216-B-51 216-BY-9 CRIB crib 
46 216-C-8 271-CR crib, 216-C-8 crib French Drain 
4G 216-A-3 216-A-3 ~RN crib 
46 216-A-12 216-A-12 French Drain frenc:h drain 
4G 216-A-41 216-A-41 Crib crib 
46 216-A-15 216-A-15 French Drain french drain 
4G 216-B-£0 216-B-£0 Crib crib 
46 216-A-23B 216-A-23B French Drain french drain 
4GM 216-C-5 216-C-5 crib crib 
4GM 216-C-£ 216-C-£ crib 
4GM 216-B-4 216-B-4 reverse wll 
4IM 241-B-151 241-B-151 divl!l"'Sion box diversion box 
4IM 241-B-152 241-B-152 diversion box diversion box 
4IM 241-B-154 241-B-154 dive,ion box diwrsion box 
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200 EAST AREA SITE CODE JIV:\TRIX 

Site Official Site Na11e/ 
Code Nwiber Descriotion 

4J UPR-200-£-80/1 R-3 ~ste line 
4J UPR-200-£-7 Waste Line 
4K 218-E-7 218-£-7, 200 East/222-B 
41( 241-CX-72 2~1-CX-72 Vault & Tank 
4LQ 200 East Burning Pit 

11 

Unit 
Type 

waste line 
~ste line 

burial vaults (3) 
vault 

burning pit 



200 WEST AREA SITE CODE J!1ATRIX 
---------------------------------------------------

Site 
Code 

Official 
Number 

Site Naae/ 
Descr i ot ion 

Unit 
Type 

--------------------------------------------------
lC 
1Clil 
!CR 
lCR 
!CR 
lE 
1El4 
!EN 
!Efll 
lE/11 
!Ell! 
181 
!Efll 
lEN 
!Efll 
181 
!EM 
1EN 
!F~ 
1F1'1 
1Ffll 
lF1'1 
!Ffll 
lF)! 

1G 
1611 
lGM 
1@11 

lGJII 
!GM 
lGM 
161'1 
lGM 
lGJII 
lGM 
16" 
!HM 
lI 
lI 
lI 
lI 
lIM 
1IM 
l!M 
l!M 
!IM 
m, 
1114 
llfll 

218-W-3 
218-W-4A 
218-W-1 
218-W-2 
21841-11 
216-5-19 
216-T-16 
216-lJ-10 
216-T-15 
216-Z-4 
216-T-24 
216-T-21 
216-T-23 
216-Z-9 
216-T-25 
216-T-17 
216-T-14 
216-T-22 
216-U-9 
216-Z-1 (OJ 

216-Z-1'3 
216-Z-17 
216-Z-11 
216-T-4-1 !DJ 
UPR-200-W-135 
216-Z-18 
216-U-IO 
216-Z-6 
216-T-27 
216-T-33 
216-T-32 
216-U-8 
216-Z-lA 
216-Z-5 
216-5-13 
216-T-26 
276-St 
2904-5-171 
2904-5-170 
241-SX-302 
216-5-172 
241-T-151 
241-{Jt 
241-Tt 
241-SX-151 
241-TY-302-A 
241-T-152 
24 1-SX 
241-TYt 

218-~3 
218-W-4A, UPR-200-W-72 
218-~1 
218-W-2 
Solid waste burial and regul-
216-S-19 pond 
216-T-16 
216-U-10 oond 
216-T-15 
216-Z-4, 231-W-3 
241-TX-4 Trench, 216-TX-4 Grav 
241-TX-1 trench, 216-TX-1 grav 
241-TX-3 Trench, 216-TX-3 Grav 
216-Z-9 Cavern, 234-5 Recuplex 
216-T-25 
216-T-17 
216-T-14 
241-TX-2 Trench, 216-TX-2 Grav 
216-LI-6 U-Swup 5 
Dr~in Ditch to U-Swamp, Z 
216-Z-19 ditch 
216-Z-17 Ditch or Trench 
216-Z-1 ditch, Z plant ditch 
216-T-4-1 (DJ 

UPR-200-W-135 
cribs - 5 oarallel 
216-lHO crib 
231-W-4 Crib, 216-W-4, 
216-T-27 
216-T-33 
216-T-32 
216-WR-1, 2, 3 Cribs, 216-U-9; 
234-5 tile field, 216-Z-7i 
216-Z-5, 231-W-1-2 cribs 
216-S-13 crib 
216-T-26 
tanks in 276-S Solvent Facilit 
~-S-171 Meir box 
~-S-170 weir box 
catch tank 241-SX-302 at 
216-5-172 weir box 
241-T-151 (~te transfer) 
241-U tank fani 
241-T tank fani 
241-SX-152 (.aste transfer) 
catch tank 241-TY-302-A at 
241-T-152 (Maste transfer) 
241-SX tank fart1 
241-TY tank far11 
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Burial Ground 
Burial Ground 
Burial Ground 
Burial Ground 
Burial Ground 

pond 
trench 

oond 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Trench 
Ditch 
Ditch 
Ditch 
Ditch 
Ditch 
Ditch 

ground contar1. 
Cribs -5 

Crib 
Crib 
Crib 
Crib 
Crib 

Cribs -- 3 
Tile Field 

crib 
crib 
crib 

tanks 
Meir box 
weir box 

tank 
weir boK 

diversion box 
tank 
tank 

diversion box 
tank 

diversion box 
tank 
tank 



200 IEST AREA SITE CO~ IIIATRIX 

Site Official Site Naae/ Unit 
Code N1111ber Description Type 

UN 241-TY-302-9 catch tank 241-TY-302-B at tank 
m, 240-S-152 240-S-152 (wute transfer) diversion box 
m, 241-TX-302~ catch tank 241-Tl-302~ at tank 
lIN 241-S-152 241-S-152 (waste transfer) diversion box 
lIN 241-Tl-302-B catch tank 241-Tl-302-B at tank 
lIN 241-TX-153 241-Tl-153 incl. UPR diversion box 
lIN 241-U-301 catch tank 241-U-301 at tank 
WI 240-S-1S1 240-5-1S1 (waste transfer) diversion box 
11N 241-301-B catch tank 241-301-B at tank tank 
1IN 241-TR-153 241-TR-153 (Nast, transfer) diversion box 
11N 240-S-302 catch tank 240-5-302 at tank 
lIN 241-SX-152 241-Sl-151 (Ni!ite transfer) diversion box 
lIN 241-5* 241-S tank fani tank 
1IN 241-TR-152 241-TR-152 (waste transfer) diversion box 
UN 241-TX* 241-Tl tank fani tank 
lJ UPR-200-w--69 · u~-200-w--69 ground spill 
lJN UPR-2oo-+102 UPR-20(rlr-102 proc. tnk vent l ires 
1K 2904-S-160 2904-S-160 Control Structure box 
INN REIJOX C'haical sa.er at 203-S, ~ 

2DI 218-W-9 218-W-9 burial ground 
2CN UPR-200-W-111 UPR-200-lr- 111 trench 
2CN 218-W-02A 218-ij--02A burial ground burial ground 
2CR 218-W-lA Industrial Waste Burial Ground Burial Ground 
2CR UPR-2oo-+110 UPR-200-W-110 trench 
2EN UPR-2oo-+ 112 UPR-200-lr-112 trench 
26N 216-Z-8 216-Z-8 Crib, 234-5 Recuplex French Drain 
2H 232-Z• 232-Z .-.ste incineration incinerator 
21-t! 276-1.1* 276-U solvent handling tank 
2HN 241-SX-402 241-SX-402 condenser shield- tank 
2HM 241-SX-401 241-SX-401 condenser shield- tank 
2HN 242-T* 242-T Evaporator (batch then tank(sl 
2IIII 241-TXR-153 241-TXR-153 (waste transfer) diversion box 
2IN 241-U-252 241-U-252 (waste transfer) diversion box 
2IN 241-TY-153 241-TY-153 (waste transfer) diversion box 
WI 241-UR-153 241-UR-153 (waste transfer) diversion box 
w, 241-Z-361 241-Z-361 settling tank tank 
2IN 241-T-361 241-T-361 Settling Tank tank 
21111 241-TY-1S1 241-TY-1S1 h.aste transfer) diversion box 
2IN 241-U-153 241-U-153 (waste transfer) diversion box 
w, 241 -TXR-244 241-TXR-244 (waste transfer) diversion box 
2IN 241-UR-1S4 241-UR-154 (waste transfer) di version box 
2IJII 241-TXR-155 241-TXR-155 (~te transfer> diversion box 
WI 24HJR-152 241-UR-152 (Naste transfer) di version box 
2IN 276-S-142 underground tank 276-S-142 tank 
21111 UPR-200-W-137 UPR-200-lr-137 c:omparhent 
2IM 241-TXR-!Sl 241-TXR-1S1 !waste transfer) diversion box 
2IM 241 -TXR-152 241-TXR-152 (waste transfer) diversion box 
2IM 276-5-141 underground tank 276-S-141 tank 
2IN 241-U-361 241-U-361 settling tank tank 
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200 WEST AREA SITE CODE MATRIX 
----------------------------------------------------------

Site 
Code 

Official 
Nuraber 

Site Name/ 
Descriotion 

Unit 
Type 

---------------------------------------------------------------
21{ 

2KJll 
2!{Jll 
2!{/11 

3C 
3C 
3CQ 
36 
3G 
4CR 
4E 
4E 
4E 
4E 
4E 
4EN 
4EM 
4EM 
4EM 
4EM 
4£/11 
4B1 
4£111 
4Eli! 
4E~ 
4EN 
4EM 
4EM 

4£/1! 
ID! 
4fll 
4;-1'! 

4G 
4G/II 
4Gill 
461'1 
4GM 
4Glil 
4GJll 
4GN 
4Gi'I 
4Gi'1 
4GIC 
4GM 
4GM 

• 4GR 
•WI 

4Ji'I 
4Kl'I 

205-S* 
218-W-7 
218-W-8 
24H1Rt 
204-S* 
203-5• 

241-5X-401 
241-SX-402 
218-IHA 
216-T-10 
216-T-9 
216-T-11 
216-T-13 
216-S-18 
216-S-15 
2:6-T-4A 
2!6-U-13 
216-5-11 
216-U-6 
UPR-200-W-30 
216-T-12 
216-T-20 
216-5-8 
216-5-14 
2;6-5-12 
216-U-5 
216-U-15 
216-T-5 
207-St 
216-T-4-2 (Dl 
Ll PR-200--¼H 39 
216-T-31 
216-U-7 
216-T-32 
2;6-Z-3 
216-T-6 
216-T- iB 
216-Z-12 
21Ei-T-29 
216-5-23 
216-T-35 
216-S-22 
216-T-36 
21 15-T-34 
2i6-Z-1 6 
t,; ;JR-200-IH 13 
:.JP~-200-W-2 
244-URt 

205-5 vault at the uranium 
218-W-7 
218-W-8 
241-WR vault 
204-5 basin at the uraniura 
203-S basin at 203-S uraniUJ11 
Non Rad Burial Ground 
dry well at 241-SX-~1 
dry well at 241-SX-4-02 
Industrial Burial Ground No. 
216-T-10 
216-T-9 
Eouicment Decontamination 
216-T-13 
216-5-18 
216-S-15 
216-T-4A 
241-UR Stea• Cleaning Pit, 
216-5-11 Pond 
216-U Cold U Trench 11 
UPR-200-W-30 covered cit 
216-T-12 
discosal trench/pit 
216-S-8 
216-5-14 
216-S-12 
221-U Cold U Trench 12 
216-U-15, 388-U dumoing 
216-T-S 
207-S retention basin (3) 
216-T-4-2 (0) 

UPR-200-W-139 
216-T-31 
216-U-7 
216-T-32 
216-Z-3 culvert, 234-5 ,3 and 
216-T-6 crib 
216-T-17 Crib 
216-Z-12 
216-T-29 
216-5-23 crib 
216-T-35 
216-S-22 crib 
216-T-36 
216-T-34 
crib: 216-Z-16 
UPR-200-W-113 
UPR-200-W--2 
244-UR vault 
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vault 
vault 
vault 
vault 
basin 
basin 

Burial Ground 
dry well 
dry well 

Burial Ground 
trench 
trench 
Trench 
trerch 
trench 

POnd 
pond 

Trenches 
-pond 

Trerch 
oit 

t·rerch 
cit 

trerch 
trerich 
trench 
Trench 
cit 

trerich 
surface ,moo1J ndment 

oitch 
ditc~ 

french dra ir, 
frerich dra.r, 

Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Crib 
Cri b 
Crib 
Crio 

jJjaste line 
waste l ine 

vault 



200 11:ST AREA SITE CODE MATRIX 
----------------------------------------------

Site 
Code 

4LO 
40 
SJ 

Official 
Number 

2718-5+ 
UPR-200-W-117 

Site Name; / 

Descr i ot i or, 

200 West burning pit 
2718-5 sand filter 11or,itor 
UPR-200-~117 

Unit 
Tyce 

pit 
filter 11c.r,i tor 

grourod so, 11 

---------------------------------------------------------
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300 AREA SITT: CCDE ~ATRIX 

Site 
Code 

Official 
NurBber 

Site Nar,e/ 
Description 

Unit 
Tyce 

---------------------- ---------
!G/11 
ua 
1m 
lJM 
!J/11 
2Hl'I 
3-lllf 
2Il'. 
2NN 
3GQ 
.3GG 
3GG 
3GIJ 
3GG 
4JR 
SEQ 
SEQ 
SOR 

316-4 

UPR-300-31/40 

UPR-300-1 

300 North Crib crib 
Methanol Storage (313 bldg) underground tanks 
Methanol Stor. (311 Tank Farm) undergrourid tanks 
Urar,ium/Acid Waste (Bldg. 313) acid spi 11 
~ice Trench System, 311 
334 Tank Fart1 Waste Acid Tank 
323 Tanks (4) 
309 TW Tanks (3) 
Retired Lia. Waste Sewer 
331 Life Sci Lab (1966-1969) 
Retired 335/336 Sanitary 
331 Life Sci Lab (1964-1974> 
331 Life Sciences l aiJoratory 
Retired 315 Sanitary Drain 
Transfer Line Leak 
Retired Filter Back.ash Pond 
300 Area Interim Filter 
!n Situ Vitrification Test 

pi oe trench systera 
tank 

tanks 
underground tanks 

sewer pioe 
trench 

drain field 
trench 

drain field 
drain field 

transfer line 
oond 

gravel cit 
testing unit 

----------------------------------------------
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400 AREA SITE CODE ~A~~IX 

Site Official Site Name/ Unit 
Cc,de Number Oescriotion Tyoe 

----------------- ------
.3GG Retired Seotic Tanks (3l tar,k 
3GQ 400 Area Retired Sanitary conds 
JGQ 400 Retired Frerreh Drains frerreh ora ins 
3GQ 400 Area Retired Sand Trench trench 
:EQ French Orain·South of 4722-C frencn drains 

17 



600 AREA SITE CODE f!IATRIX 
--------------------------------------------

Site 
Cc,de 

lCIII 
2AR 
2C!I! 
2CI'. 

2Cl!I 

2CQ 
2CQ 
2ca 
2CQ 
2CR 
2CR 
2CR 
2CS 
3CO 
3IQ 
3IQ 
3IQ 
4CQ 
4CQ 
4CQ 
4CQ 
4CO 
4G~ 
461', 
460 
4LQ 
SCM 
SCQ 

SDS 

Official 
Number 

618-9• 
618-13 

618-4 
618-B 
618-7 
618-1 

USBR-2, 4-D 
618-10 
618-11 
618-3• 
6:S-2 
618-12 

6652-G• 

6652-C• 

P-11 
213-J and K 

618-5 

618-6• 

Site Name/ 
Description 

Unit 
Type 

-----------------
300 West Burial Ground 
303 Area Contc1111inated Soil 
Origir,al Cer,tral Landfill (9) 

Burial Srour~ No. 4 
Early Waste Burial Ground 
Buria~ Ground No. 7 
SW Burial Grour,d No. 1 
Horr, Raoids Di soosal 
Midway Lar~fill No. 2 (9l 
USBR-2, 4-D burial ground 
300 Nort h SW Burial Grourid 
300 Wye Burial Grourid 
Burial Grourid No. 3 
Slol Burial Ground No. 2 
North Process Pond Scraping 
J. A. Jones No. 1 (9) 
6652-G ALE Field Storage 
Army Bunkers Septic Tank (3) 
6652-C Soace Science Lab. 
White Bluffs City Landfill 
East White Bluffs City 
lihdway Landfi 11 No. 1 ('3) 
Sodiua Dichr0111ate Barrel 
City of· Hanford Landfill 
116-F-6 Crib 
Gable "'°untain Cribs 
Pickling Acid Crib ('31 
Burial Ground No. 5 
J.A. Jones No. 2 ('31 
Hanford Trailer Camo ('3) 
Array fl1ur1 i t ic,ns Burial Site 
Burial Ground No. 6 

18 

treric:n 
Haste pile 

trench 
pits 

trench 
trench 

trencn and pi t s 
Jancifi 11 

landfi ll 
b•Jrial grour1d 
burial grour~ 
burial ground 

trench 
trerich 

oond 
landfill 

tank 
tar,k 
tank 

landfill 
laridfi 11 

landfi 11 
landfi 11 
landfi 11 

crib 
crib 
crib 

burning pit 
burial grourid 

landfi 11 
burial grour1a 

trench 



700 AREA SITE CODE ~ATRIX 

Site 
Code 

Official 
NurAber 

----------------------------

Site Name/ 
Descr i ct i or, 

Unit 
Type 

---------------------
4IQ Undergrour,d Waste So 1 vent 

Tank (31 

19 

tar,k 



1100 AREA SITE CODE 1ATRiX 

Si te 
Code 

Official 
Number 

Si te Name/ 
Oescriotion 

Unit 
Tyoe 

-----------------------------------------------
1EQ UPR- 1100-2 dis~osal on ra i lroad tracks ground cisoosa l 
l EQ l;P!H 100-1 sand oi t oit 
lFQ UPR-1100-3 sand oi t oit 
4IQ UPR- 1100-4 undergro1Jnd disoosal tank tank 

------------------------------------------
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APPENDIX 0-3 

600 AREA LIST BY HYDROGEOLOGIC 
SETTING 



APPENDIX - 600 AREA SITES CODED BY HYDROLOGIC SETTING 

SitE Offic:iai Site Name/ Unit 
Cc,de NuA1ber Description Type 

---~----
s 618-91 300 West Burial Ground trencn 
s 618-13 303 Area Cor,til\ir.atec Soil Naste pile 
D Original Cer,tral Landfi 11 (9) trench 
s 61B-4 Burial Ground No. 4 pi ts 
s 618-8 Early Waste Burial Ground trench 
s 618-7 Buria1 Ground No. 7 trench 
s 6!8-l SW Burial Srour~ No. 1 trench and pits 
s Horn Rapids Disoosal lancifi il 
s Midway Laridfill No. 2 (9) landfill 
s USBR-2, 4-D USB~-2, 4-D burial ground burial ground 
D 618-10 300 North SW Burial Srourid burial grc,urid 
D 618-11 300 Wye Burial Srourid burial ground 
s 61B-31 Burial Ground No • . 3 trench 
s 618-2 SW Burial Ground No. 2 trench 
D 618-12 North Process Pond Scraping pond 
s J.A. Jones No. 1 (9) landfill 
D 6652-Gt 6652-G A~E Field Storage tank 
D Ar11y Bunli.ers Seot ic Tank (3) tar,k 
D 6652-Ct 6652-C Space Sc: i ence Lab. tar,k 
s White Bluffs City Landfill landfill 
s East White Bluffs City laridfi 11 
s lilidway Landfi 11 No. 1 (9) landfi 11 
s SoGiWft DichrOfflate Barrel landfi 11 
D City of Hanford Landfill lanofill 
s P-11 116-F-6 Crio crib 
D 213-J and K Sable Mountain Cribs crib 
s Pickling Acid Crib (9l crib 
s 618-5 Burial Ground No. S burning pit 
s J.A. Jones No. 2 (9l burial grourid 
D Hanford Trailer Camo (9) landfill 
D AMry "unitions Burial Site burial grourid 
s 618-6t Burial Ground No. 6 trench 

D = Deep groundwater area (depth to groundwater= 245 feet) 
S = Shallow groundwater area (depth to groundwater= 40 feet) 
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APPENDIX E 

MANPOWER AND SCHEDULING WORKSHEETS FOR GENERALIZED HANFORD UNITS 



I 

APPENDIX E 

This Appendix presents the worksheets used to develop the master 
schedule, manpower, and budget requirements for each type of generalized 
Hanford unit within each RCRA 3004(u) characterization or remediation 
category. These estimates have been based on the estimation techniques 
presented in Section 3. 4. 

The following codes are used to identify specific characterization and 
remediation tasks: 

Characterization Tasks 

o Cl sampling planning 
o C2 - field sampling 
o C3 characterization report 

Remediation Tasks 

0 RlA - feasibility study 
0 RlB - engineering design 
0 R2 - site remediation 
0 R3 - post-remedial action monitoring 

The following codes have been used for sites involving exhumation: 

0 E/A = exhumation method A (waste excavation and disposal) 

0 E/B = exhumation method B (waste excavation, treatment, and 
disposal). 

E-1 



CHARACTERIZE AND REMEDIATE IN-PLACE (DEEP SITES) 

Need for Action Code= 1 

A - ABOVEGROUND COVERED LANDFILL 

No sites in this category . 

B - ABOVEGROUND UNCOVERED LANDFILL 

No sites in this category . 

C - BELOWGROUND COVERED LANDFILL 

Cl C2 C3 RlA RlB R2 R3 
Time: 8 wks 

12.5 
4 wks j 16 wks 

I Review 
126 wks 
0 

39 wks 
84 

152 wks j35 wks 11560 wks 
Manweeks: 9.6 29.2 100 2002 162 

Total Time= 1,740 wks 
Total Cost/Site= $1,801,000 + 4,640,000 = $6,441,000 
Total Manweeks = 2,399 wks 
No. of Sites= 6 

D - BELOWGROUND UNCOVERED LANDFILL 

Cl C2 C3 RlA RlB R2 R3 

Time: 8 wks 
12.5 

6 wks j 16 wks 
33.6 29.2 

I Review 
126 wks 
0 

39 wks 
84 

152 wks 1247 wks 11560 wks 
Manweeks: 750 14,589 162 

Total Time= 1,954 
Total Cost/Site= $6,473,000 + 24,620,000 = $31,093,000 
Total Manweeks = 99,576 
No. of Sites= 1 
C2 assumes 2 drilling rigs working one 8 hour shift. 

E - SURFACE IMPOUNDMENTS 

E-2 



Cl C2 C3 !Review RIA RIB R2 R3 
Time: 8 wks 

12.5 
5 wks I 16 wks 
14.4 29.2 

126 wks 
0 

39 wks 
125 

152 wks 190 wks 11560 wks 
Manweeks: 104 110 162 

Total Time= 1,796 wks 
Total Cost/Site= $2,651,000 + 4,833,500 = $7,484,500 
Total Manweeks = 557 wks 
No. of Sites= 16 

F - DITCH 

Cl C2 C3 !Review RIA RIB 
Time: 8 wks 5 wks 116 wks 126 wks 39 wks 152 wks 
Manweeks: 12.5 48 29.2 0 125 241 

Total Time= 1,913 wks 
Total Cost/Site= $8,604,000 + 8,452,500 = $17,056,500 
Total Manweeks = 873 
No. of Sites= 6 
C2 assumes 3 drilling rigs on one 8 DOUr shift. 

G - UNDERGROUND DISPERSION SYSTEMS 

Cl C2 C3 I Review RIA RIB 

R2 R3 
1206 wks I 1560 wks 

255 162 

R2 R3 
Time: 8 wks 

12.5 
5 wks j16 wks j26 wks 39 wks 

125 
152 wks j26 wks jl,560 wks 

Manweeks: 9.6 29.2 0 56 29 162 

Total Time= 1,733 
Total Cost/Site= $1,801,000 + 2,898,000 = $4,699,000 
Total Manweeks = 423 
No. of Sites= 26 
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H - ABOVEGROUND STORAGE TANK 

Cl C2 C3 !Review RIA RIB 
Time: 4 wks 1 wk I 10 wks 126 wks 39 wks 152 wks 
Manweeks: 2.3 1.8 2.4 0 42 2 

Total Time= 199 
Total Cost/Site= $125,000 + 128,000 = $253,000 
Total Manweeks = 53.5 
No. of Sites= 5 

I - UNDERGROUND TANKS 

Cl C2 C3 !Review RIA RlB* 
Time: 8 wks 4 wks I 16 wks 126 wks 39 wks 152 wks 
Manweeks: 12 . 5 9.6 29.2 0 42 39 

Total Time= 1,685 wks (I-1) or 1,679 wks (I-2) 
Total Cost/Site= $1,801,000 + 2,929,600 = $4,730,600 (I-1) 

= $1,801,000 + 1,903,100 = $3,704,100· (I-2) 
Total Manweeks = 282 wks (I-1) or 214 wks (I-2) 
No . of Sites= I-1 = 133 (tanks, tank farm) 

I-2 = 48 (diversion boxes) 
*For I-2 sites, RIB= 1 manweeks; R2 -= 1 weeks, 0.1 manweek. 

J - SPILLS 

Cl C2 C3 !Review RIA RIB 

R2 I R3 I 
7 wks I NA 

3 

R2* R3 
6 wks I 1560 wks 

30 162 

R2 R3 
Time: 8 wks 

12.5 
4 wks I 16 wks 126 wks 

0 

39 wks 
42 

152 wks 119 wks 11560 wks 
Manweeks: 9.6 29.2 43 1,059 162 

Total Time= 1724 wks 
Total Cost/Site= $1,801,000 + 3,022,000 = $4,823,000 
Total Manweeks = 1,357 
No. of Sites= 3 
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K - UNDERGROUND VAULT 

Cl C2 C3 !Review RIA RIB 
Time: 8 wks I. 4' wks I 16 wks 126 wks 39 wks 152 wks 
Manweeks: 12 . 5 9.6 29.2 0 42 1 

Total Time= 1,705 wks 
Total Cost/Site= $1,801,000 + 1,925,700 = $3 , 726 , 700 
Total Manweeks = 257 wks 
No. of Sites = 1 

L - BURNING PIT 

No sites in this category . 

M - INCINERATOR 

No sites in this category . 

N - PROCESS SEWERS 

Cl C2 C3 !Review RIA RIB 
Time : 8 wks 4 wks I 16 wks 126 wks 39 wks 152 wks 
Manweeks : 12.5 75 .6 29 . 2 0 42 55 

Total Time= 1,717 wks 
Total Cost/Site= $5,098 ,000 + 3,341,400 = $8 , 439 , 400 
Total Manweeks = 418 wks 
No . of Sites= 1 

C2 assumes 4 drilling rigs operating on one 8 hour shift . 

0 .. OTHER 

No Sites 
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R2 R3 
I0. 2 wks j 1560 wks 
0.8 162 

R2 R3 
9 wks j 1560 wks 
42 162 



CHARACTERIZATION AND EXHUMATION (DEEP SITES) 

Need for Action Code= 1 

A - ABOVEGROUND COVERED LANDFILL 

No sites in this category. 

B - ABOVEGROUND UNCOVERED LANDFILL 

No sites in this category. 

C - BELOWGROUND COVERED LANDFILL 

Cl C2 C3 !Review RIA RIB R2 R3 
Time: 8 wks 

12.5 
4 wks 116 wks 126 wks 39 wks 

84 
152 wks 1215 wks 11560 wks 

Manweeks : 9.6 29.2 0 750 3473 162 

Total Time= 1,920 wks 
Total Cost/Site= $1,801,000 + 85,122,000 = $86,923,000 (E/A) 

= $1,801,000 + 157,309,000 = $159,110,000 (E/B) 
Total Manweeks = 4,520 wks 
No. of Sites= 6 

D - BELOWGROUND UNCOVERED LANDFILL 

Cl C2 C3 - !Review RIA RIB R2 R3 
Time: 8 wks 

12.5 
6 wks 116 wks 126 wks 39 wks 

84 
152 wks J2270 wks l l560 wks 

Manweeks: 33.6 29.2 0 750 39,435 162 

Total Time= 3,977 wks 
Total Cost/Site= $6,473,000 + 982,000,000 = $988,473,000 (E/A) 

$6,473,000 + 1,850,320,000 = $1,856,793,000 (E/B) 
Total Manweeks = 40,506 
No. of Sites= 1 
C2 assumes 2 drilling rigs working one 8 hour shift. 
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E - SURFACE IMPOUNDMENTS 

Cl C2 C3 I Review RIA I RIB I R2 R3 
Time: 8 wks 

12.5 
5 wks 116 wks 126 wks 39 wks 

125 
152 wks 1586 wksll560 wks 

Manweeks: 14.4 29.2 0 708 9,983 162 

Total Time= 2,292 wks 
Total Cost/Site= $2,651,000 + 247,802,500 = $250,453,500 (E/A) 

= $2,651,000 + 464,396,500 = $467,047,500 (E/B) 
Total Manweeks = 11,034 wks 
No. of Sites= 16 

F - DITCH 

Cl C2 C3 !Review RIA I RIB I R2 
Time: 8 wks 5 wks 116 wks 126 wks 39 wks 152 wks ll,322wks 
Manweeks: 12.5 48 29.2 0 125 708 22,712 

Total Time= 3,029 wk$ 
Total Cost/Site= $8,604,000 + 562,250,000 = $570,854,000 (E/A) 

= $8,604,000 + 1,057,970,000 = $1,066,574,000 (E/B) 
Total Manweeks = 23,797 
No. of Sites= 6 
C2 assumes 3 drilling rigs on one 8 hour shift. 

G - UNDERGROUND DISPERSION SYSTEMS 

R3 
I 1560 wks 
162 

Cl C2 C3 !Review RIA I RIB I R2 R3 
Time: 
Manweeks: 

8 wks 
12.5 

5 wks 116 wks 126 wks 
9.6 29.2 0 

Total Time= 1,905 wks 

39 wks 
125 

152 wks 1198 wks 11560 wks 
708 3,233 162 

Total Cost/Site= $1,801,000 + 80,450,000 = $82,251,000 (E/A) 
= $1,801,000 + 148,490,000 = $150,291,000 (E/B) 

Total Manweeks = 4,279 
No. of Sites= 26 
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H - ABOVEGROUND STORAGE TANK 

No sites in this category 

I-2 - UNDERGROUND TANKS 

No sites in this category 

J - SPILLS 

Cl C2 C3 !Review RIA RIB R2 R3 
Time: 8 wks 

12.5 
4 wks 116 wks 126 wks 39 wks 

42 
152 wks 142 wks 11560 wks 

Manweeks: 9.6 29 . 2 0 648 546 162 

Total Time= 1747 wks 
Total Cost/Site= $1,801,000 + 13,821,000 = $15;622,000 (E/A) 

= $1,801,000 + 23,368,000 = $25,169,000 (E/B) 
Total Manweeks = 1,449 
No. of Sites= 3 

K - UNDERGROUND VAULT 

Cl C2 C3 I Review RIA RIB 
Time: 8 wks 4 wks I 16 wks I 26 wks 39 wks 152 wks 
Manweeks: 12.5 9.6 29.2 0 42 17 

Total Time= 1,719 wks 
Total Cost/Site= $1,801,000 + 2,141,000 = $3,942,000 (E/A) 

= $1,801,000 + 2,355,500 = $4,156,000 (E/B) 
Total Manweeks = 370 wks 
No. of Sites = 1 

L - BURNING PIT 

No sites in this category . 
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R2 
14 wks 
98 

R3 
11560 wks 
162 



M - INCINERATOR 

No sites in this category . 

N - PROCESS SEWERS 

Cl C2 C3 !Review I RIA I RIB 
Time: 8 wks 4 wks I 16 wks 126 wks I 39 wks 152 wks 
Manweeks: 12 . 5 75.6 29.2 0 42 128 

Total Time= 1,717 wks 
Total Cost/Site= $5,098,000 + 3,740,000 = $8,838,000 (E/A) 

= $5,098,000 + 5,372,500 = $10,470,500 (E/B) 
Total Manweeks = 501 wks 
No . of Sites= 1 

C2 assumes 4 drilling rigs operating on one 8 hour shift. 

0 - OTHER 

No sites in this category. 
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R2 R3 
9 wks I 1560 wks 
52 162 



CHARACTERIZE AND REMEDIATE (SHALLOW SITES) 

Need for Action Code= 1 

A - ABOVEGROUND COVERED LANDFILL 

No sites in this category. 

B - ABOVEGROUND UNCOVERED LANDFILL 

No sites in this category. 

C - BELOWGROUND COVERED LANDFILL 

Cl C2 C3 
Time: 8 wks 

10 
4 wks I 14 wks 

Manweeks: 9.6 23.4 

Total Time= 1,740 

!Review 
I 26 wks 
a 

RlA 
39 wks 
84 

RlB 
152 wks 
100 

Total Cost/Site= $916,000 + 4,640,000 = $5,556,000 
Total Manweeks = 2,399 
No. of Sites= 1 

D - BELOWGROUND UNCOVERED LANDFILL 

No sites in this category. 

E - SURFACE IMPOUNDMENTS 

Time: 
Manweeks: 

Cl 
8 wks 
12.5 

C2 C3 !Review 
4 wks 116 wks 126 wks 
9.6 29.2 0 

Total Time= 1,796 wks 

RlA 
39 wks 
125 

RlB 

I 52 wks 
104 

Total Cost/Site= $916,000 + 4,833,500 = $5,749,500 
Total Manweeks = 557 
No. of Sites= 7 
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R2 R3 
35 wks 11560 wks 

2002 162 

R2 R3 
90 wks 11560 wks 
110 162 



F - DITCH 

Cl C2 C3 !Review RIA RIB 
Time: 8 wks 8 wks I 16 wks 126 wks 39 wks 152 wks 
Manweeks: 12.5 48 29.2 0 125 241 

Total Time= 1913 wks 
Total Cost/Site= $4,264,000 + 8,452,000 = $12,716,500 
Total Manweeks = 873 
No. of Sites= 2 
C2 assumes 2 drilling rigs on one 8 hour shift. 

G - UNDERGROUND DISPERSION SYSTEMS 

Cl C2 C3 !Review RIA RIB 
Time: 8 wks 4 wks I 16 wks 126 wks 39 wks 152 wks 
Manweeks: 12 . 5 9.6 29.2 0 125 56 

Total Time= 1,733 wks 
Total Cost/Site= $916,000 + 2,898,000 = $3,814,000 
Total Manweeks = 423 
No. of Sites= 8 

H - ABOVEGROUND STORAGE TANK 

No sites in this category. 

I - UNDERGROUND TANKS 

Time: 
Manweeks: 

Cl 
8 wks 
12.5 

C2 C3 !Review 
4 wks 116 wks 126 wks 
9.6 29.2 0 

Total Time= 1,685 wks 

RIA 
39 wks 
42 

I RIB 
152 wks 
39 

Total Cost/Site= $916,000 + 2,929,600 = $3,845,600 
Total Manweeks = 282 
No . of Sites= I 
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I R2 R3 
1206 wks I 1560 wks 
255 162 

R2 R3 
26 wks I 1560 wks 
29 162 

R2 R3 
6 wks I 1560 wks 
30 162 



J - SPilLS 

Cl C2 C3 !Review RIA RIB 
Time: 
Manweeks : 

8 wks 
12.5 

4 wks 116 wks 126 wks 
9.6 29 . 2 0 

39 wks 
42 

152 wks 
43 

Total Time= 1,724 
Total Cost/Site= $916,000 + 3, 022,000 = $3,938,000 
Total Manweeks = 1,357 
No . of Sites= 4 

K - UNDERGROUND VAULT 

Cl C2 C3 !Review RIA RIB 
Time: 6 wks 4 wks I 14 wks 126 wks 39 wks 152 wks 
Manweeks: 12.5 9.6 23.4 0 42 1 

Total Time= 1, 705 
Total Cost/Site= $916,000 + 1, 925,700 = $2,841 , 700 
Total Manweeks = 257 
No . of Si tes = 1 

L - BURNING PIT 

Cl C2 C3 !Review RIA RIB 
Time : 6 wks 4 wks I 14 wks 126 wks 39 wks 152 wks 
Manweeks: 10 9.6 23.4 0 84 

Total Time= 3,169 
Total Cost/Site= $916 , 000 + 5,036,000 = $5,952,000 
Total Manweeks = 2,651 
No . of Sites= 1 

M - INCINERATOR 

No sites in this category. 
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115 

R2 R3 
19 wks 11560 wks 
1, 059 162 

R2 R3 
I0 . 2 wks I 1560 wks 
0.8 162 

I R2 R3 
182 wks I 1560 wks 
2,247 162 



N - PROCESS SEWERS 

No sites in this category. 

0 - OTHER 

No sites in this category . 
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CHARACTERIZE AND EXHUMATION (SHALLOW SITES) 

Need for Action Code= 1 

A - ABOVEGROUND COVERED LANDFILL 

No sites in this category. 

B - ABOVEGROUND UNCOVERED LANDFILL 

No sites in this category. 

C - BELOWGROUND COVERED LANDFILL 

Cl C2 C3 !Review RIA RIB R2 R3 
Time: 8 wks 

12.5 
4 wks I 14 wks 126 wks 39 wks 

84 
152 wks 1215 wks 11560 wks 

Manweeks: 9.6 29.2 o. . 750 3,473 162 

Total Time= 1,918 wks 
Total Cost/Site= $916,000 + 85,122,000 = $86,038,000 (E/A) 

= $916,000 ~ 157,309,000 = $158,225,000 (E/B) 
Total Manweeks = 4,512 wks 
No. of Sites= 1 

D - BELOWGROUND UNCOVERED LANDFILL 

No sites in this category 
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E - SURFACE IMPOUNDMENTS 

Cl C2 C3 !Review RIA RIB R2 R3 
Time: 8 wks 

12.5 
-4 ·wks 116 wks 126 wks 39 wks 

125 
152 wks 1586 wks 11560 wks 

Manweeks: 9.6 29.2 0 708 9,983 162 

Total Time= 2,314 wks 
Total Cost/Site= $916,000 + 247,802,500 = $248,718,500 (E/A) 

= $916,000 + 464,396,500 = $465,312,500 (E/8) 
Total Manweeks = 11,029 wks 
No. of Sites = 7 

. F - DITCH 

Cl C2 C3 !Review RIA . RIB I R2 R3 
Time: 8 wks 8 wks I 16 wks 126 wks 39 wks 152 wks 11,322 wkll560 wks 
Manweeks : 12.5 48 29.2 0 125 708 22,712 

Total Time= 3,031 wks 
Total Cost/Site= $4,264,000 + 462,250,000 = $566,514,000 (E/A) · 

= $4,264,000 + 1,057,970,000 = $1,062,234,000 (E/8) 
Total Manweeks = 23,797 
No . of Sites= 2 
C2 assumes 3 drilling rigs on one 8 hour shift. 

G - UNDERGROUND DISPERSION SYSTEMS 

162 

Cl C2 C3 I Review RIA RIB R2 R3 
Time: 
Manweeks : 

8 wks 
12.5 

4 wks 116 wks 126 wks 
9.6 29.2 0 

Total Time= 1,903 

39 wks 
125 

152 wks 1198 wks 11560 wks 
708 3,233 162 

Total Cost/Site= $916,000 + 80,450,000 = $81,366,000 (E/A) 
= $916,000 + 148,490,000 = $149,406,000 (E/8) 

Total Manweeks = 4,279 wks 
No. of Sites= 8 
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H - ABOVEGROUND STORAGE TANK 

No sites in this category . 

1-2 - UNDERGROUND TANKS 

Cl C2 C3 I Review 
Time: 
Manweeks: 

8 wks 
12.5 

4 wks 116 wks 126 wks 
9.6 29.2 0 

Total Time= 1,723 wks 

RlA 
39 wks 
42 

I Rl B I R2 R3 
152 wks 118 wks 11560 wks 
110 151 162 

Total Cost/Site= $916,000 + 3,477,000 = $4,393,000 (E/A) 
$916,000 + 4,876,500 = $5,792,500 (E/8) 

Total Manweeks = 516 wks 
No . of Sites= 1 

J - SPILLS 

Time: 
Manweeks: 

Cl 
8 wks 
12.5 

C2 C3 !Review 
4 wks 116 wks 126 wks 
9.6 29.2 0 

Total Time= 1,747 wks 

RIA 
39 wks 
42 

I RlB I R2 R3 
152 wks 142 wks 11560 wks 
648 546 162 

Total Cost/Site= $916,000 + 13,821,000 = $14,737,000 (E/A) 
$916,000 + 23,368,000 = $24,284,000 (E/8) 

Total Manweeks = 1,449 wks 
No. of Sites= 4 

E-16 



K - UND-ERGROUND VAULT 

Cl 
Time: 
Manweeks : 

6 wks 
10 

C2 C3 I Review 
4 wks 114 wks 126 wks 
9.6 23 .4 0 

Total Time= 1, 715 wks 

RlA 
39 wks 
42 

RlB 
152 wks 
17 

Total Cost/Site= $916 , 000 + 2,141,000 = $3,057,000 (E/A) 
$916 , 000 + 2,355 , 000 = $3,271,000 (E/ 8) 

Total Manweeks = 362 wks 
No . of Sites= I 

L - BURNING PIT 

Cl C2 C3 I Review RIA I RIB 
Time: 6 wks 4 wks I 14 wks 126 wks 39 wks 152 wks 
Manweeks: 10 9.6 23.4 0 84 750 

Total Time= 1,788 wks 
Total Cost/Site= $916 , 000 + 33 , 000,000 = $33,916,000 (E/A) 

$916,000 + 58,920 , 000 = $59,836 ,000 (E/ B) 
Total Manweeks = 2,353 wks 
No. of Sites = I 

M - INCINERATOR 

No sites in this category. 

N - PROCESS SEWERS 

No sites in this category. 

0 - OTHER 

No sites in this category. 
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R2 R3 
14 wks I 1560 wks 
98 162 

R2 R3 
87 wks I 1560 wks 
1,314 162 
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CHARACTERIZE FOR NO RELEASE OR NO RESIDUAL CONTAMINATION (DEEP SITES) 

Need for Action Code= 2 or 4 

A - ABOVEGROUND COVERED LANDFILL 

No sites in this category 

B - ABOVEGROUND UNCOVERED LANDFILL 

Cl 
Time : 
Manweeks : 

8 wks 
12.5 

Total Time= 30 weeks 
Total Cost/Site= $4,076 ,000 
Total Manweeks = 89 . 7 
No. of Sites= 1 

C2 
6 wks 
48 

C2 assumes 2 drilling rigs on one 8 hour shift. 

C - BELOWGROUND COVERED LANDFILL 

Time: 
Manweeks: 

Cl 
8 wks 
12.5 

Total Time= 30 -weeks 
Total Cost/Site= $4,076,000 
Total Manweeks = 89.7 
No. of Sites= 22 

C2 
6 wks 

48 

C2 assumes 2 drilling rigs on one 8 hour shift. 

D - BELOWGROUND UNCOVERED LANDFILL 

No sites in this category. 
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C3 
16 wks 
29.2 

C3 
16 wks 

29 . 2 



E - SURFACE IMPOUNDMENTS 

Cl 
Time: 8 wks 
Manweeks: 12.5 

Total Time= 30 weeks 
Total Cost/Site= $5,567,000 
Total Manweeks = 75.3 
No. of Sites = 61 
C2 assumes 2dri11ing 

F - DITCH 

Time: 
Manweeks: 

. Cl 
8 wks 
12.5 

Total Time= 31 weeks 

rigs on 

Total Cost/Site= $9,082,000 
Total Manweeks = 96.9 
No. of Sites= 2 

one 8 

C2 
6 wks 
33.6 

hour shift. 

C2 
7 wks 
55.2 

C2 assumes 3 drilling rigs on one 8 hour shift. 

G - UNDERGROUND DISPERSION SYSTEMS 

Time: 
Manweeks: 

Cl · 
8 wks 
12.5 

Total Time= 28 weeks 
Total Cost/Site= $1,662,000 
Total Manweeks = 51.3 
No. of Sites= 43 
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C2 
4 wks 

9.6 

C3 
16 wks 
29.2 

C3 
16 wks 

29 . 2 

C3 
16 wks 
29.2 



H - ABOVEGROUND STORAGE TANK 

Cl C2 C3 
Time: 4 wks 1 wk 10 wks 
Manweeks: 2.3 0.6 2. 4 

Total Time= 15 weeks 
Total Cost/Site= $125 , 000 
Total Manweeks = 5.3 
No . of Sites= 4 

I - UNDERGROUND TANKS 

Cl C2 C3 
Time: 6 wks 3 wks 14 wks 
Manweeks: 10 7. 2 23 . 4 

Total Time= 23 weeks 
Total Cost/Site= $875,000 
Total Manweeks = 40 .6 
No . of Sites = 45 

J - SPILLS 

Cl C2 C3 
Time: 4 wks 3 wks 10 wks 
Manweeks : 3.9 7.2 9 

Total Time= 17 weeks 
Total Cost/Site= $34 , 400 
Total Manweeks = 20 . 1 
No. of Sites= 5 
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K - UNDERGROUND VAULT 

Cl 
Ti me: 6 wks 
Manweeks: 10 

Total Time= 23 weeks 
Total Cost/Site= $875,000 
Total Manweeks = 40.6 
No. of Sites = 7 

L - BURNING PIT 

Cl 
Ti me: 6 wks 
Manweeks: 10 

Total Time = 23 weeks 
Total Cost/Site= $875,000 
Total Manweeks = 40 .6 
No. of Sites = 2 

M - INCINERATOR 

Cl 
Ti me: 
Manweeks: 

2 wks 
2 

Total Time= 11 weeks 
Total Cost/Site= $78,000 
Total Manweeks = 3.6 
No. of Sites= 1 

N - PROCESS SEWERS 

No sites in this category. 
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C2 
3 wks 
7.2 

C2 
3 wks 
· 7.2 

C2 
1 wk 
0.6 

C3 
14 wks 
23.4 

C3 
14 wks 
23.4 

C3 
8 wks 

1 



0 - OTHER 

. -1-I __ __:C=l _______ __;C=2=---------~C3::......_ __ --+-

Time: 4 wks 3 wks 12 wks 
Manweeks: 5.9 7.2 13 . 7 

Total Time= 19 weeks 
Total Cost/Site= $531,000 
Total Manweeks = 26.8 
No . of Sites= 2 

E-22 



CHARACTERIZE FOR NO RELEASE OR NO RESIDUAL CONTAMINATION (SHALLOW SITES) 

Need for Action Code= 2 or 4 

A - ABOVEGROUND COVERED LANDFILL 

Time: 
Manweeks: 

Cl 
4 wks 
5.9 

Total Time= 19 weeks 
Total Cost/Site= $531,000 
Total Manweeks = 26.8 
No. of Sites= 1 

B - ABOVEGROUND UNCOVERED LANDFILL 

No sites in this category. 

C - BELOWGROUND COVERED LANDFILL 

Time: 
· Manweeks: 

Cl 
8 wks 
12.5 

Total Time= 28 weeks 
Total Cost/Site= $2,514,000 
Total Manweeks = 77.7 
No. of Sites= 37 

C2 
3 wks 
7.2 

C2 
4 wks 
7.2 

C3 
12 wks 
13.7 

C3 
16 wks 
13.7 

C2 assumes 3 drilling rigs operating concurrently over one 8 hour shift. 

D - BELOWGROUND UNCOVERED LANDFILL 

No sites in this category. 
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E - SURFACE IMPOUNDMENTS 

Time : 
Manweeks: 

Cl 
8 wks 
12.5 

Total Time= 33 weeks 
Total Cost/Site= $1,789,000 
Total Manweeks = 66.9 

No. of Sites= 2 

C2 
9 wks 
25 . 2 

C3 
16 wks 

29 . 2 

C2 assumes 2 drilling rigs operating concurrently on one 8 hour shi f t. 

F - DITCH 

No sites in this category . 

G - UNDERGROUND DISPERSION SYSTEMS 

Time: 
Manweeks: 

Cl 
4 wks 
5.9 

Total Time= 19 weeks 
Total Cost/Site= $531,000 
Total Manweeks = 26.8 
No. of Sites= 25 

H - ABOVEGROUND STORAGE TANK 

Time: 
Manweeks: 

Cl 
4 wks 
2.3 

Total Time= 15 weeks 
Total Cost/Site= $125,000 
Total Manweeks = 6. 5 
No. of Sites= 9 
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C2 
3 wks 
7.2 

C2 
1 wk 
1.8 

C3 
12 wks 
13.7 

C3 
10 wks 

2.4 



I - UNDERGROUND TANKS 

Cl C2 C3 
Time : 4-wks 3 wks 12 wks 
Manweeks: 5.9 7. 2 13.7 

Total Time= 19 weeks 
Total Cost/Site= $53 1,000 
Total Manweeks = 26.8 
No . of Sites = 8 

J - SPILLS 

Cl C2 C3 
Time: 4 wks 3 wks 12 wks 
Manweeks: 5.9 7.2 13 . 7 

Total Time= 19 weeks 
Total Cost/Site= $531 ,000 
Total Manweeks = 26 .8 
No. of Sites= 1 

K - UNDERGROUND VAULT 

No sites in this category. 

L - BURNING PIT 

Cl C2 C3 
Time: 4 wks 3 wks 12 wks 
Manweeks: 5.9 7.2 13. 7 

Total Time= 19 weeks 
Total Cost/Site = $531,000 
Total Manweeks = 26.8 
No. of Sites = 7 
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M - INCINERATOR 

No sites in this category. 

N - PROCESS SEWERS 

Time: 
Manweeks: 

Cl 
8 wks 
12.5 

Total Time= 31 weeks 
Total Cost/Site= $5,169,000 
Total Manweeks = 104 . 1 
No . of Sites= 1 

C2 
7 wks 
75.6 

C2 assumes 4 drilling rigs on a one 8 hour shift. 

0 - OTHER 

Time: 
Manweeks: 

Cl 
4 wks · 

. 5.9 

Total Time= 19 weeks 
Total Cost/Site= $531,000 
Total Manweeks = 26.8 
No. of Sites = 4 
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C2 
3 wks 
7.2 

C3 
16 wks 

C3 
12 wks 
13.7 



CHARACTERIZE FOR NO HAZARDOUS CONSTITUENTS 

Need for Action Code= 3 

A - ABOVEGROUND COVERED LANDFILL 

No sites in this category. 

B - ABOVEGROUND UNCOVERED LANDFILL 

No sites in this category. 

C - BELOWGROUND COVERED LANDFILL 

Time: 
Manweeks: 

Cl 
1 wks 
0.7 

Total Time= 9 weeks 
Total Cost/Sit~= $28,900 
Manweeks = 3 

No. of Sites= 6 

D - BELOWGROUND UNCOVERED LANDFILL 

Time: 
Manweeks: 

Cl 
1 wks 
0.7 

Total Time= 9 weeks 
Total Cost/Site= $28,900 
Manweeks = 3 
No. of Sites= 1 
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C2 
1 wks 
2 

C2 
1 wks 
2 

C3 
7 wks 
0.3 

C3 
7 wks 
0.3 



E - SURFACE IMPOUNDMENTS 

Cl C2 C3 
Time : 1 wks 1 wks 7 wks 
Manweeks: 0. 7 2 0.3 

Total Time= 9 weeks 
Total Cost/Site= $28,900 
Manweeks = 3 
No. of Sites = 1 

F - DITCH 

No sites in this category. 

G - UNDERGROUND DISPERSION SYSTEMS 

Cl C2 C3 
Time : 1 wks 1 wks 7 wks 
Manweeks: 0.7 2 0.3 

Total Time= 9 weeks 
Total Cost/Site= $28,900 
Manweeks = 3 
No. of Sites= 28 

H - ABOVEGROUND STORAGE TANK 

No sites in this category. 
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I - UNDERGROUND TANKS 

Time: 
Manweeks: 

Cl 
1 wk 
0.7 

Total Time= 9 weeks 
Total Cost/Site= $23 , 100 
Manweeks = 1. 5 
No. of Sites= 7 

J - SPILLS 

No sites in this category . 

K - UNDERGROUND VAULT 

No sites in this category. 

L - BURNING PIT 

No sites in this category. 

M - INCINERATOR 

No sites in this category . 

N - PROCESS SEWERS 

No sites in this category. 

0 - OTHER 

No sites in this category . 
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C2 
1 wk 
0.5 

C3 
7 wks 
0.3 
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APPENDIX F 

Scheduling and Manpower Requirement Estimates 
For the Remediation of RCRA 3004(u) Waste Sites 

This Appendix provides the information for estimating the scheduling 
and manpower requirements for the remediation of 3004(u) waste sites. The 
bases for these estimates are presented in Appendix A of this report. 

For each 3004(u) generalized Hanford waste unit, tentative schedules 
and manpower requirements are estimated for two types of remediation 
techniques: exhumation and an appropriate in-place remedial action. The 
selection and engineering of the remediation techniques was presented in 
Section 3.3 of this report. 

As described in Sections 3.3 and 3.4, the remediation process consists 
of three different tasks: RI-Feasibility Study and Engineering (FS/Eng), 
R2-Remedial Action (RA), and R3-post-RA Monitoring. RI has been 
subdivided into two areas: RIA is the feasibility study (F) and RIB is the 
engineering design work. For each of these three tasks, tentative 
schedul i ng and staffing requirements are estimated based on unit production 
rate , and unit manpower requirements provided in Appendix A for each 
remediation technology. 

Assumptions 

o For phase RIA, it is assumed that there will be three levels of FS, 
ranging from $100,000 for a simple and small site to $300 ,000 for a 
liquid disposal site which will require the most complex study . It 
is assumed that $200,000 FS for a solid waste disposal site (or in 
the case of tiquid disposal site, this if for a medium, relatively 
complex site). For RCRA sites, exper ience has shown that a maximum 
of six months were given to perform the FS, and a period of three 
months for EPA to review the FS. Therefore, a total of nine months 
is given for the RIA phase. 
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o For phase RlB, the cost is calculated based on a scaling factor of 
the RA cost. The factor ranges from ten percent for large site to 
twenty percent for a small site. 

o For both phases RlA and RlB, it is assumed that the sum of the FS 
cost and the Engineering Cost are limited to a maximum of $200,000 
and a minimum of $100,000. These values are based on SAIC's 
experience in performing FS and average value for an RI/ FS/Eng of 
$1,800,000 given in Federal Regulations (40 CFR Part 300). The 
manpower requirements for both phases RlA and RlB are estimated from 
the FS and Eng cost calculated in Task 6 and converted into manhours 
or manweeks using an average labor cost of $60/manhour. 

For all FS/Eng costs, the manpower loading is obtained by converting 
the cost into manhours or manweeks using the unit cost of $60/manhour. 
Table F-1 lists the manpower requirements for Task Rl for each of the 
generalized Hanford waste units for both exhumation and in-place remediation 
techniques. It should be noted that although there were two different Task 
RI costs for exhumation: one for excavation and disposal without treatment, 
and the other with waste treatment. It is assumed that the work needs to be 
performed for the FS/Eng phase is the same; therefore, the manpower loading 
is estimated based on the lower FS/Eng cost estimate. 

For Task R2, the schedule and the manpower req~irements are obtained 
based on the RA and labor productivity rate estimated for each suggested 
remediation technology. These production rates are summarized in Table F-2. 
These rates are derived from data given in Appendix A for each remediation 
technology. As previously discussed in Section 3.3 of the report, only a 
few technologies were selected for remediation of the 3004(u) waste sites. 
These include exhumation (with and without treatment), grout-in-place, 
groundwater recovery and treatment, and in-place decontamination. As listed 
in Table F-2, there are two different rates for the grout-in-place 
technology. This modification is necessary due to the applicability of the 
technology to different types of waste units. For generalized unit types C 
(belowground covered landfill), D (belowground landfill), J (spills), and L 
(burning pits), the technology is applied as recommended in Appendix A, 
i.e., grout-in-place the contaminated soil. However, for generalized unit 
type I-1 (aboveground tanks), I-2 (diversion boxes), K (underground 
vaults), and N (process sewers), the technique is assumed to be applied with 
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TABLE F-1. FEASIBILITY STUDY/ENGINEERING SCHEDULE AND MANPOWER 
REQUIREMENTS FOR 3OO4(u) GENERALIZED HANFORD WASTE UNITS 

C 

Type of 
Waste 
Unit 

C 

D 

E 
F 

G 
H 

I-1 
I-2 
J 
K 

L 
N 

Schedule (weeks) 

FS Eng. Design 

39 52 
39 52 
39 52 
39 52 
39 52 
39 52 
39 52 
39 52 
39 52 
39 52 
39 52 
39 52 

= Belowground Covered Landfill 

FS 

84 
84 

125 
125 
125 
N/A 
N/A 

42 
42 
42 
84 
42 

D = Belowground Uncovered Landfill 
E = Surface Impoundments 
F = Ditches 
G = Underground Dispersion Systems 
H = Aboveground Tanks 
I-1 = Underground Tanks 
I-2 = Diversion Boxes 
J = Spills 
K = Underground Vaults 
L = Burning Pits 
N = Process Sewers 
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Manpower Requirements 
(Manweeks) 

Exhumation 
I Eng. DesignJ 

In-Situ Remediation 
FS Eng. Design 

750 84 100 
750 84 750 
708 125 104 
708 125 241 
708 125 56 
N/A 42 2 
N/A 42 39 
110 42 1 
648 42 43 

17 42 1 
750 84 115 
128 42 55 



TABLE F-2. REMEDIAL ACT ION (RA) PRODUCTION AND 
LABOR PRODUCTIVITY RATES 

Remediation Technique 

o Groundwater Recovery and 
Treatment 

(24 hours/day, ?days/week) 

o Grout-in-place 
(8 hours/day, 5 days/week) 

Unit Type I-1, I-2, K, N 

Unit Type C, D, J, L 

o Exhumation 
(8 hours/day, 5 days/week) 

Containment Building . 
Assembly and Disassembly 

Excavation 

Backfill and Compaction 

o In-Place Decontamination 
(8 hours/day, 5 days/week) 

RA Production 
Rate 

80 gal ./min. 

100 cu.yd./day 

288 cu.yd./day 

630 cu .yd·./day 

315 cu.yd./day 

115,000 gal ./day 

Unit Types (C, D, E, etc . ) are defined on Table F-1. 

F-4 

Labor Productivity 
Rate 

0.26 manhour/ 
1,000 ga 1 . 

0.4 manhour/cu.yd . 

1.64 manhour/cu.yd . 

0.64 manhour/sq.ft. 

0.4 manhour/cu.yd. 

0.13 manhour/cu.yd. 

4.9 manhours/ 
1000 gal. 



a modification that, instead of grouting the soil, the grout be injected 
directly into the unit to stabilize the residual contain of the unit . 

Based on these production rates, the schedule and manpower loadings can 
be estimated for each of the recommended remedial actions for each type of 
generalized Hanford waste unit . Tables F-3, F-4, F-5, and F-6 provide a 
listing of the schedule and manpower requirements for exhumation , grout
in-place, groundwater recovery and treatment, and in-place decontamination 
respectively. 

For Task R3 post-RA monitoring, the schedule and manpower requirements 
are considered to be constant for all sites. It is assumed that semi-annual 
groundwater well sampling will be performed for each site and the scheduled 
time is estimated to be about seven weeks per sampling episode, and the 
manpower loading is 216 manhours per year or 5.5 manweeks per year. For 30 
years after the closure of the site this results in 162 manweeks . Table F-7 
summarizes the post-RA monitoring schedule and manpower requirements . 

Figures F-1 through F-5 provide specific schedules for each of the 
remediation activities . 
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TABLE F-3. SCHEDULE AND MANPOWER REQUIREMENTS FOR 
EXHUMATION 

---- --- -------- ---- --- -- ---- --- ---- ------------ ---------- --- ---- --- --
Type of 
Waste X y V Schedule Manpower 
Unit (ft) (ft) (yd3) (weeks) (manweeks ) 

-------------- --------- ---------- --------- ------------------------- --
C 275 625 222,800 
D 790 2,290 2,680,000 
E 338 890 668,500 
F 296 2,325 1,530,000 
G 302 313 210,000 
H NA 

I-1 NA 
I-2 56 58 3,600 
J 125 175 28,400 . 
K 28 35 550 
L 200 215 80,000 
N NA 4,200 

Notes : 

X = excavated width (ft) 
Y = excavated length (ft) 
V = excavated volume (yd3) 

215 
2,270 

586 
1,322 

198 

18 
42 
14 
87 
9 

Unit types (C, D, E, etc.) are defined on Table F-1. 
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3,473 
39,435 
9,983 

22,712 
3,233 

151 
546 
98 

1,314 
52 



TABLE F-4. SCHEDULE AND MANPOWER REQUIREMENTS FOR 
GROUT-IN-PLACE 

Type of 
Waste 
Unit 

C 

D 

I-1 
I-2 
J 
K 

L 
N 

Schedule 
(weeks) 

35 
247 

6 
0.02 

19 
0 .15 

39 
9 

Unit Types (C, D, etc.) are defined on Table F-1. 
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Manpower 
(manweeks) 

2,002 
14,589 

30 
0 .1 

1,059 
0.75 

2,247 
42 



TABLE F-5. SCHEDULE AND MANPOWER REQUIREMENTS FOR GROUNDWATER 
RECOVERY AND TREATMENT 

----------------------------------------- -------------------------
Type of 
Waste 
Unit 

E 
F 
G 

Schedule 
(weeks) 

90 
206 

26 

Unit Types (C, D, etc.) are defined on Table F-1. 
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Manpower 
(manweeks) 

110 
255 

29 



TABLE F-6. SCHEDULE AND MANPOWER REQUIREMENTS FOR 
IN-PLACE DECONTAMINATION 

Type of 
Waste 
Unit 

H 

Schedule 
(weeks) 

7 

Unit Types is defined on Table F-1. 
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Manpower 
(manweeks) 

3 



TABLE F-7. SCHEDULE AND MANPOWER REQUIREMENTS FOR 
POST-RA MONITORING 

Type of 
Waste 
Un i t 

all units 

Schedule 
(weeks) 

1,560 

F-10 

Manpower 
(manweeks) 

162 



FIGURE F-1. SCHEDULING ASSOCIATED WITH POST-REMEDIATION ACTIVITIES 
PER UNIT PER SAMPLING EVENT (R3) 

Well purging and 
sampling 
4 days 

Offsite laboratory 
analysis 
6 weeks 

Data Analysis 

0. 1 weeks 

FIGURE F-2. MANPOWER ASSOCIATED WITH POST-REMEDIATION ACTIVITIES 
PER YEAR PER SITE 

Well purging and Offsite laboratory Data Analysis 
sampling analysis 

192 hours (3 people) 8 hours (1 person) + 12 hours 
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Site Type C 

Site Type D 

Site Type E 

Site Type F 

Site Type G 

Site Type I-2 

Site Type J 

Site Type K 

Site Type L 

Site Type N 

FIGURE F-3. EXCAVATION 

215 ~==~=- - -- ---- 1 
I 3,473 manweeks 

2,=~~-~==~=--- ----- 1 
l-- -39:435 manweeks 

586 weeks I 

1----9:983 manweeks 

l,322_weeks __ ______ 
1 l-- -22,712 manweeks 

l=~-~=eks ______ __ 
1 1-- - -3:233 manweeks 

18 ~==~=---- -- --1 
1---- - -isi-manweeks 

42 wee~=--------I 
I 546 manweeks 

14 weeks I 
1------ -98 manweeks 

8~-~==~~--------1 
l- ---i:3j4 manweeks 

g weeks ------I 
I 52 manweeks 

d f ·ned on Table F-1. Site types are e, 
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FIGURE F-4. GROUT-IN-PLACE TECHNIQUE 

6.5 wks 28 weeks 
Site Type C 1----------1- ---------------1 

2,002 manweeks 

6.5 wks 241 weeks 
Site Type D 1----------1----------------1 

14,589 manweeks 

6 weeks 
Site Type I-1 1---- -------------------------1 

30 manweeks -

0.02 weeks 
Site Type I-2 1-----------------------------1 

0.1 manweeks 

6.5 wk 12 weeks 
Site Type J 1----------1----------------1 

1,059 manweeks 

0.15 weeks 
Site Type K 1------------· ----------------1 

0.75 manweeks 

6.5 wks 32 weeks 
Site Type L 1--------1------------------1 

2,247 manweeks 

9 weeks 
Site Type N 1--- --------------------------1 

42 manweeks 

Site types are defined on Table F-1. 

I 
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Site Type E 

Site Type F 

Site Type G 

FIGURE F-5. GROUNDWATER RECOVERY AND TREATMENT 

2 wks 88 weeks 
1---- ---1 ----- ---- ----- -----1 

110 manweeks 

2 wks 204 weeks 
1-- -----1-- ----- ----- ----- --1 

255 manweeks 

2 wks 24 weeks 
1- ------1 ---- ---------------1 

29 manweeks 

Site types are defined on Table F-1. 
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TABLE F-8. FS/ENGINEERING SCHEDULE AND MANPOWER REQUIREMENTS 

Type of 
Waste 
Unit 

C 

D 

E 
F 
G 

H 
I-1 
1-2 
J 
K 
L 
N 

Schedule 

1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 
1 year 

Manpower Requirements 
(manweek) 

- I Exhumation 
I Total Per 
I - Person 

830 
830 
830 
830 
830 
N/A 

N/A 
110 
650 

40 
830 
130 

16 
16 
16 
16 
16 

2 
12.5 
0.8 

16 
2. 5 

In-Place Remediation 
Total Per 

Person 

70 1.3 
610 12 
100 2 
240 4.5 

55 1 
40 0.8 
40 0.8 
40 0.8 
45 0.9 
40 0.8 
80 1.5 

110 2 

Unit type is defined on Table F-1. 
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GENERIC MONITORING PLAN 

THIS GENERIC MONITORING PLAN WAS ADAPTED FROM DOE . COMPREHENSIVE 
ENVIRONMENTAL ASSESSMENT AND RESPONSE PROGRAM PHASE 2 GENERIC MONITORING 

PLAN. WORKING DRAFT, JULY 1976. ALBERQUERQUE OPERATIONS OFFICE. 



GENERIC MONITORING PLAN 

1. INTRODUCTION 

The Generic Monitoring Plan (GMP) Sampling Plan provides guidance for 
the development and execution of installation and site-specific sampling 
plans necessary for CERCLA site characterizations. The intent of the GMP is 
to describe those methods and materials sufficient to address most sampling 
situations that could occur while conducting Site Characterizations. The 
GMP wlll provide specific guidelines relevant to the geologic, hydrologic, 
and environmental setting and facility operations unique to each 
installation, and the Site-Specific Monitoring Plan (SSMP) will provide the 
following basic components: 

o objectives and goals of the investigation 

o sampling methods to be used, including equipment needs, . 
procedures, sample containment, and preservation 

o justification for selected methods and procedures 

o sample locations, as well as number and types of samples to be 
collected 

o transportation and shipping information 

o additional site-specific information requirements. 

The SSMP serves to guide the site characterization process, which 
provides data to support the evaluation of alternative candidate response or 
remedial actions at the site or grouping of similar sites in close 
proximity. The SSMP is initially developed on the basis of available 
information and is subsequently developed in stages so that knowled9e gained 
during the course of site characterjzation can be used to guide 
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sampling/measurement activities. This will ensure that appropriate and 
sufficient data are collected to support the Technological Assessment (EPA 
CERCLA Feasibility Study) and decision making process . 

The site characterization process involves both collection and 
synthesis of data to develop a conceptual model of the site and associated 
contamination problems. This information is then used to develop a 
contaminant transport model for describing the current conditions and 
evaluating the environmental and health impacts of alternative remedial 
actions, including the no action alternative. The level and sophistication 
of the data collection and synthesis process leading to model development 
depend on the complexity of the site, the scope of the contamination 
problem, and the degree of precision needed to screen and evaluate remedial 
alternatives. 

1.2 OBJECTIVES 

The basic objective of any sampling/measurement program is to produce a 
defensible set of samples/measurements representative of the source under 
investigation and suitable for subsequent analysis. The objective of 
sampling haz~rdous waste is to acquire information that will (1) assist 
investigators in identifying unknown compounds present in the environment, 
(2) assess the extent to which these compounds have migrated into the 
surrounding environment, (3) document conclusions regarding environmental 
impact, and (4) provide documentation for reporting requirements. 

The objectives of SSMP activities are to: 

o verify and characterize contaminant sources 

o determine the present areal and vertical extent of contamination 

o estimate the potential for contaminant migration (including rate 
and di rection) to support risk assessment studies 

G-2 

0 

l 



- "'-

o support the identification and technology assessment (feasibility 
study) of al~ernative response actions. 

1.3 SAMPLING LOGISTICS 

1.3.1 Scheduling 

Prior to initiating site characterization, the probable duration 
(including contingency) and sequence of activities will be forecast so that 
the critical path of these activities may be scheduled. The sequence of 
other subtasks and constraints (e.g., funding, weather, installation 
restrictions ) will be identified so that reasonable start/finish dates may be 
established. 

1.3.2. Site Access 

Site access arrangements for site characterization personnel will be 
made with each installation. Field activities will be scheduled with 
responsible reservation staff with as much lead time as possfble. Arrival 
schedules will be confirmed by telephone 24-48 hours before staff and/or 
contractors are expected to arrive. 

Installation security clearance badge and/or noncleared visitor badge 
arrangements will be made with the reservation security office. 

2. SITE SURVEY AND MAPPING 

Survey and mapping techniques will be employed to delineate boundaries 
of sites to be studied and illustrate the extent of contamination. To 
facilitate presentation and comparison of data generated during the 
investigation, maps at common (or readily interchangeable) scales with a 
fixed coordinate system will be used. Establishing map standards and 
coordinate systems provides a foundation from which to reference spatially 
distributed information . The resulting common frames of reference permit 
development of base maps assuring that subsequent maps, site physical 
features, and data monitoring or collection locations all correspond. The 
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two primary means for presenting coordinate systems are (1) the base map, 
consisting of a topographic surface compiled as elevation contours or 
digitized elevations recorded in a regular grid pattern; and (2) the 
boundary survey, portraying the polygonal region of a designated area wi th 
benchmarks reflecting coordinate values. 

The level and sophistication of survey and mapping depend on the 
complexity of the site, the scope of the contamination problem, and the 
degree of precision needed to screen and evaluate remedial alternatives . 
For each site, ex i sting surveys and maps will be reviewed and updated as 
required to conduct related activities. Where there may be a need to 
develop an aerial photographic display base that will support terrain 
analysis and overlay mapping, a program will be implemented to obtain the 
necessary survey control and photographic imagery. 

3. SAMPLE COLLECTION 

Sample collection is a critical component of the site characterization 
process . The quality of the samples collected will directly influence the 
value of the site characterization data. Therefore, collecting a 
representative portion of the media of interest and preserving it in an 
uncontaminated state until analyses are performed is extremely important. 
The collection of representative samples requires careful selection of a 
sampling strategy and strict adherence to sampling protocols/methods. 

Because the sampling strategy and procedures will depend on the 
conditions at a specific site, a range of procedures and general guidelines 
are provided in the GMP selection and implemented in the SSMP plans. Site
specific factors to be considered in the SSMP sampling plans include: (1) 
the type, size, and topography of the site; (2) the type, quantity, and 
mobility of the waste/contaminants; and (3) the type and homogeneity of the 
medium to be sampled. 
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3.1 SAMPLING PLAN DESIGN 

A sample must be a representative part of the object to be analyzed. 
To be a representative sample, the sample must have the same qualities as 
the material under consideration. The chemical parameters of interest and the 
nature of the material to be sampled (i.e., homogenous or heterogeneous) 
dictate the number, frequency, and distribution of samples required. For 
example, if a material is known to be truly homogenous, a single sample 
might suffice to define its quality. However, if a sample is heterogeneous, 
a number of samples collected at specified time intervals or distances may 
be necessary to define the characteristics of the subject materials. 

The number of samples collected at a site will also depend on the 
anticipated use of the data, the degree of accuracy (level of confidence) 
desired, and the cost of collecting and analyzing the samples. Statistical 
methods and formulas are available to estimate the appropriate number of 
samples required to obtain representative data within a specified level of 
confidence. The methods take into account sample variability and the degree 
of accuracy desired to derive a statistically valid sample number. 
Basically, the smaller the sample variability, the fewer samples required 
for~ given level of accuracy. Conversely, the larger the sample variance 
and/or the greater the accuracy desired, the greater the sample size 
required. 

3.1.1 Sample Types 

There are basically six major types of samples that may be used in the 
site characterization effort . . These sample types are briefly summarized 
below. 

Individual Grab Samples. An individual grab sample is an isolated 
sample collected from one specific sampling point at a given time and 
placed in its own container for individual analysis. It provides 
information about the sample media at the exact time of collection and 
for a specific sampling point. Volatile organics (which may be lost by 
other sampling methods) can be collected in grab samples. 
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Simple Composite Samples. A simple composite sample is a combination 
sample comprised of subsamples collected either from various locations 
within a population or from the same location at various times. The 
subsamples are combined to form as homogenous a mixture as possible. 
Simple composite samples provide an estimate of the mean value of the 
parameter of interest, but cannot provide information about the high 
and low concentrations within the subsamples. They can also be used to 
screen an area for the contaminant of interest, but will not provide 
information on the spatial or time distribution of contaminants. 

Sequential Composite Samples. A sequential composite sample is a 
sample formed from combining a series of simple composite samples. It 
is very useful for looking at the overall averages of a waste stream 
which varies significantly with time (e.g., an outfall from a plant 
which conducts batch dumping). 

Hand-Proportioned Composite Samples. Hand-proportioned samples are 
subsamples manually composited in proportion to the effluent flow. The 
subsamples may be individual samples or proportional sequential 
composite samples. 

Automatical l v-Proportioned Composite Samples. Composite samples are 
collected automatically by using equipment that can vary the size of 
the subsample in proportion to the total effluent flow. 

Continuous Samples. Continuous sampling involves routing a small 
amount of t he waste stream through a continuous monitor for direct 
measurement of ·contaminants. Continuous sampling may be used to 
monitor stack emissions/liquids for compliance/exposure levels. 

3.1.2. Sampling Strategies 

Sampling programs for site characterization activities will be designed 
to provide statistically valid data within a specified confidence level. 
Selection and .implementation of the proper strategy will depend on the 
objectives of the sampling plan and the amount of information available on the 

G-6 

I , 



parameters of interest. The following sampling strategies will be 
considered in developing the SSMP sampling plans: 

Simple Random Sampling. Simple random sampling uses the theory of 
random chance probabilities to choose representative sample locations. 
Random sampling is generally employed when little information is 
available on the contaminants or their spatial distribution within a 
population. This strategy is most effective when the population is 
large enough to lend statistical validity to the random selection 
process. Random sampling is implemented by overlaying the sample 
population (e.g., field, profile, group of drums) with a grid, and 
through the use of random number tables, selecting sampling points on 
the grid. Data taken in ·this manner show progressively less error with 
increasing numbers ·of samples collected. 

Stratified Random Sampling. Stratified random sampling is a refinement 
of the simple random sampling approach to increase the accuracy of the 
data . It is generally employed when suffjcient information is 
available to divide the population into relatively homogenous 
subpopulations (i .e., the subpopulations are individually more 
homogenous than the total population) based on the parameters of 
interest. The strategy is implemented through the collection of random 
samples of the subpopulation (e.g., vegetation samples that have been 
collected at randomly selected points according to the percentage of 
area each type of vegetation covers). The precision of the data will 
generally increase with an increase in the number of stratifications 
(subpopulations). However, the increase in numbers of analyses must be 
weighed against the actual gain in precision. 

Systematic Sampling . Systematic sampling is also aimed at incteasing 
the accuracy of the sampling data through the collection of samples at 
predetermined, regular-interval sampling points. This strategy is 
implemented by overlaying a grid over the population (e.g., site) and 
collecting samples at the grid intersections or at points equal 
distances away from each other . Systematic sampling introduces bias 
when there are periodic variations/trends in the population that may 

G-7 

l 



become partially phased with the sampling points . 

Stratified Systematic Sampling . Stratified systematic sampl ing involves 
the systemat ic collection of samples from subpopulations in proportion 
to the relative size of the subpopulat i on within the total population. 
It can only be employed when sufficient information is available to 
divide the population into relatively homogenous subpopulations (i . e . , 
the subpopulations are individually more homogenous than the total 
population) based on the parameters of interest. 

Judgment Sampling . Judgment sampling involves the selection of 
sampling s i t es based on the information base of the sample coll ector . 
Such sampl es are inherently biased; however , they may be used t o 
document the presence (but not the absence) of particular contaminants. 
They may be very useful for situations in which the investigator knows 
where to look for a particular contaminant or is taking only a l imited 
number of samples such as during initial screening/scoping (i.e . , 
reconnaissance) activities. D2pending on the knowledge of the 
investigator , th i s type of sample may provide more information t han a 
sample taken at some statistically random point. 

3.2 SAMPLING EQUIPMENT AND PROCEDURES 

Sampling activities will be conducted at the sites using a variety of 
equipment and procedures. The equipment and procedures will be selected on 
a site-specific basis depending on the media and the nature of the 
contaminants to be sampled. This section provides a summary of some of the 
available equipment and methods for sampling materials that may be 
encountered during the site characterization activities. Each sampl i ng plan 
will incorporate specific factors and the SSMP plans will include a detailed 
description of t he procedures selected. Sampling equipment and procedures 
will be selected to obtain representative samples with minimal introduced 
interferences and to minimize personnel risk/environmental releases. 
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Numerous standardized methods are available for sampling contaminant 
sources and collecting environmental samples. The GMP will use EPA-approved 
and DOE-approved methods for sample collection whenever possible. If no EPA 
or DOE method is available, the samples will be collected using the best 
available methods from other sources [i.e., the American Society for Testing 
and Materials (ASTM), and the American National Standards Institute (ANSI)]. 
These alternate methods will be reviewed by EPA as part of the SSMP review 
cycle. The laboratory analyzing the samples should also be consulted before 
samples are collected to be sure that the collection methods, number, and 
quantity of samples are compatible with the analytical techniques to be 
employed. The Quality Assurance/Quality Control (QA/QC) Plan contains a 
description of the QA/QC procedures for sample collection. 

3.2.1. Preparation of Sampling Equipment 

Sampling equipment must be prepared for field use prior to the 
initiation of the sampling effort. Because contaminated samplers can cause 
cross-contamination of samples, proper cleaning of equipment before 
and between each application is imperative. If samples are expected to 
contain very low concentrations of contaminants, new unused (or disposable) 
sampling equipment may be necessary. Disposable samplers may also be 
needed for sampling media with very high concentrations of contaminants that 
will be too difficult or too expensive to remove. 

The first step of sampler cleaning is to remove any materials or 
residues from the sampler. The method for removal of the residue will depend 
on the nature of the material present. Most residues can be removed by 
scrubbing in a warm detergent solution. However, petroleum products/oily 
residues should be removed with organic solvents (usually hexane or 
acetone) and wipes prior to cleansing with water. After all the residue has 
been removed, the sampler should be rinsed thoroughly in tap water, then in 
distilled water, and then completely dried. Steam cleaning may also be 
used for cleaning large pieces of sampling equipment as long as care is 
taken to ensure that all residues are completely removed. Contaminated 
water and solvents from the cleaning process should be collected and treated 
as hazardous waste. 
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Following cleaning , sampling equipment should be protected from 
contamination by wrapping/packaging and storing in a clean place unt i l 
needed. The sampler cleaning process should be periodically checked 
(quality control) by rinsing the samplers and submitting the blanks for 
analyses. 

3.2.2 Source Sampling 

Sampling of contaminant sources involves the collection of samp l es 
from air emission sources, liquid effluent streams, liquid waste con t ainers 
(e .g., bottles, drums, tanks, surface impoundments), and/or solid wastes 
(e .g. , containers, piles, trenches, pits) . In some cases, environmental 
contaminati on may also be con si dered a contami nant source because of the 
high concentrat i ons of contaminants present (e .g. , highly-contaminated 
leachate) . Contaminant sources are generally characterized by fairl y high 
concentrations of hazardous materials that may or may not be well contained . 
Because contaminant sources generally represent the highest concentration of 
hazardous materials, special precautions will be identified in the plan 
and implemented to minimize personnel exposure and to control releases of 
material s. Source sampling may be conducted using grab samples, composite 
samples , proportional samples, or continuous samples . When cont i nuous 
sampling is used, it should be augmented by proportional composite samples 
and grab samples when specified levels are exceeded . 

Collection of samples for the site characterization effort will be 
conducted in accordance with the sample plan design and sampling procedures 

identified in each SSMP. The following general guidelines will 
be incorporated into each SSMP: 

o The sampling approach will be well outlined prior to initiat ion of 
the sampling effort . 

o Sample containers will be cleaned and marked with the designated 
sample number using a wax pencil or temporary label. 
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0 A system for decontaminating the outside of the sample containers 
will be established. Following decontamination of the sample 
containers, permanent sample tags will be affixed and the samples 
logged on the chain-of-custody record (Section 5). 

o Preservation techniques will be employed in the field as 
appropriate (Section 4). 

o Transportation will be arranged in advance to avoid long delays in 
getting the samples to the laboratory for analyses (Section 6) . 

Sampling of contaminant sources can be used to quantify and confirm the 
nature of the source and assess the mobility of the contaminants. Some of 
the more commonly practiced methods for sampling sources are summarized in 
the following paragraphs and tables. Selection of an appropriate sampling 
method will depend on the waste containment and the physical state of the 
waste . 

. 
3.2.2.2 Liquid Effluent Stream Sampling Methods 

Liquid effluent streams may be sampled to determine source terms and 
evaluate compliance . Sampli~g points must be selected to obtain a 
representative characterization of both the quantitative flow and the 
quality of the effluent stream. 

The type of samples collected will depend on the site-specific 
characteristics of the discharge. The following guidance is provided for 
consideration in the development of each SSMP: 

o Grab and/or simple composite samples are seldom representative of 
liquid waste streams unless discharge is only from a continuous 
uniform process, or unless many samples are collected at frequent 
intervals over a wide time period. Grab/simple composite samples 
do not reflect either average concentrations or maximum values. 
However, grab samples can be useful in sampling liquid effluent 
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streams for volatile organics (which may evaporate during the 
collection of other types of samples). 

o Proportional composite and/or continuous samples will gene r ally 
provide the most representative sample data (except for vo l at i le 
organics). Continuous monitoring methods can be used to ensure 
that contaminant concentrations do not exceed specified levels . 

3.2.2.4 Solid Waste Sampling Methods 

Solid wastes may consist of various chemicals, miscellaneous waste 
materials (e.g. , contaminated building debris, metals) , or contaminat ed 
soil. The wastes may be contained in drums, buried in trenches/pits, or 
dumped in piles. The equipment/method selected for sample collection will 
depend on the nature of the material to be sampled and the containment of 
the material. Specific equipment/methods will be identified in each SSMP. 
A summary of some of the sampling equipment/methods in provided i n Table 1. 

3.2.3 Air Pathways Sampling 

Contaminants released from hazardous waste sites through vapor release 
or resuspension of particulates can be transported to other areas through the 
air pathway. If potential sources such as open containers , heavily 
contaminated soils, or gas vents are ident i fied during the initial si t e 
inspection, air monitoring programs may be include in the SSMP. 

The principal goal of an air sampling program will be to quantify 
source terms and evaluate migration potential through the air pathway . 
Sites for air monitoring stations will be selected based on the source 
emissions, clfmatological considerations (primarily wind speed and 
direction), and the local topography. Background stations will be in stalled 
if necessary to adequately assess the situation and interpret the data. 
Specific monitoring requirements and sampling procedures will be identified 
in each SSMP. The following general guidelines will be considered in SSMP 
development : 
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Container 

Drums/bottles 
( l i qui d) 

Tanks 

Surface 
Impoundments 

Drums 
(sol i d) 

Sampler 

glass tubing 
(drum thief) 
rigid plastic tubing 

glass vial attached 
to a wooden dowell 
teflon/glass 
tubing with vacuum pump 
stainless steel 
well bailer 
coliwassa 

bacon bomb 

Kemmerer sampler 

weighted bottle 

open drain valves 

teflon beaker on 
telescoping aluminum 
pole 

TABLE l. 

bacon bomb (see above) 
Kemmerer sampler (see above) 
scoop 

spoon on wooden dowel l 
chisel and hammer 

SAMPLERS FOR LIQUID AND SOLID WASTES 

Depth Capability Advantages 

4 ft liquids and sludgesa 

caustic liquids 

liquids and sludges 

16 to 20 ft 

good depth 

good for multiphase sampling 
good for samples from 
discrete levels 
good for samples from 
discrete 1 eve 1 s 

Disadvantages 

cannot be used for 
caustic liquids 
may not be sufficiently 
rigid 
cannot collect 
multiphase samples 

contamination from upper 
1 eve 1 s 
release contaminants if 
can't close, sample only 
layer of drain 



a 

TABLE 1. SAMPLERS FOR LIQUID AND SOLID WASTES (CONTINUED) 

Container Sampler Depth Capability Advantages Disadvantages 

--------------- ------------------------------ ----------------- ------------------------------ -------------------------
Waste Piles scoops/trowels 

sampling triers 

grain sampler 

1 ft 

4 0 in 

Larger bore tubing can be used for viscous liquids and sludges. 

good in moist, sticky 
powder, or granules 
good in powdered or 
granular material 



o Air sampling devices should be located to minimize interference 
from obstructions and ground dust. 

o Air sampling devices should be equipped with real time flow 
recorders to accurately reflect the volume of air sampled. Flow 
rates will depend on the sampling device and contaminants. 
Automatic timers can be used as appropriate. 

o An anemometer and wind direction recorder should be located in the 
vicinity to collect wind data. 

o Barometric pressure, relative humidity, and ambient temperature 
readings will be recorded in conjunction with the atr sampling 
data. 

o Impingers/absorbents/filters will be selected for the specific 
contaminants of interest according to EPA methods or other 
approved methods as appropriate. 

o Samples for volatile organics will be sealed, packed in dry ice, 
and sent for analysis as soon as possible. 

3.2.4 Surface Water Pathways Sampling 

Surface water sampling may be conducted as part of the site 
characterization activities to determine migration potential from the 
surface water pathway. The surface water sampling program will include 
collection of both water samples and sediment samples. The type, location, 
and frequency of samples will depend on the site-specific conditions. 
Specific equipment/methods will be identified in each SSMP . EPA-approved 
methods and guidance will be used as appropriate. 

3.2.4.1 Surface Waters 

To obtain representative surface water samples, the hydraulics of the 
water course must be determined prior to sampling. Representative sampling 
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points will be selected to reflect both the quality and the quantity of 
contamination. Because surface water quality normally varies considerably 
over time, grab, composite, and/or sequential composite samples will be 
collected and/or continuous monitoring will be conducted, as appropriate, to 
indicate contaminant loadings and migration potential. 

In large ponds and lakes, nonuniform vertical mixing of chemical 
constituents often occurs because of wind and temperature changes, the shape 
of the lake basin, biological activity, and other factors. Therefore, water 
samples will be collected from different depths as appropriate. 

Equipment/methods for sampling surface waters depends on the physical 
conditions of the surface water body and the chemical contaminants of 
interest. A brief summary of some of the EPA-approved water sampling 
equipment is provided in Table 2. Streamflow measurements will also be 
recorded as part of the sampling program as appropriate. 

3.2.4.2 ·Sediments 

Sediment samples can provide additional information on the transport of 
contaminants that may partition onto soil particles or settle out in 
deposits on the bottom of the watercourse. While sediments are genera l ly 
saturated, sampling procedures are generally similar to those used for soil 
sampling (Section 3.2.6). Equipment includes scoops or trowels, sampl ing 
triers, soil augers, waste pile samplers, dredges,and split spoon samplers. 

When sediment sampling is conducted simultaneously with surface water 
sampling, the water sample should be obtained first (and upstream of 
sampling personnel) to minimize the amount of suspended solids in the water 
sample. Sediment sampling equipment and techniques must be designed to 
minimize the risk of dilution or loss of material as the sample is moved 
through the water column. 
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TABLE 2. S~Y OF WATER S,,\l,IPLil(i EQJIMHT 

Size ~th Rarge Possibility of f.ootanination Advantages Di sad,,antages 
f.oostru:tion Closure Meehan i sn Rarge ~ters (feet) 

Kamerer water Nickel plated Internal red or wire, 0.4 an:! l.2L 1(3) to 90(300) ~ta ls fran bottle an:! fran Ease of use; g:xxl Separate 5illlller 
Scllllle bottle brass nessenger activated (0 .1 - 0.3 gal) closure rrechanisn CEpth range neeCEd to Sillll l e 

for netals 

.Acrylic Internal red or wire, 1.2 an:! 2.2 L l (3) to 90 Phthalate esters an:! rossibly Ease of use; g:xxl Separate Sillll l er 
plastic,urethane nessenger activated (0.3 an:! 0.6 (300) other .organics . ~tals CEpth range neeCEd to Sillll le 
erd seals . gal) rossible fran bottle closure for prthalate 

ITa:han i sn. esters . Possible 
netals 
cootanination fran 
closure rrechan i sn. 

Van lxlm bottle .Acrylic Internal elastic 2 to 30l (0 .5 Surf ace to 90 Phthalate esters an:! other Ease of use; g:xxl High probability of 
plastic, ~. tubi rg . ~senger to 7.9 gal) (300) organics CEpth range cootillli nation . 
other 1TBteri al s activated 

Hansen bottle Brass tubirg, Rotary valves close l.25L (0 .35 Surface to Hininal if Teflon-lined Can be used in Reversirg operation 
Teflon-1 ined wai bottle turns gal ) an:! l. SL deep ocean series for deep prevents Sillll l i rg 

m Neqirene erd-over--eid to (0.4 gal) water close to bottan 
I gaskets close valves. ._. 

~senger activated. ~ 

Fjarlie water bottle Brass tubirg, Spri rg-1 oad:d neta l l.3L (0 .35 gal) Surface to deep Possible organics or netal Fl cw--thmqi Possible 
Teflon coated cover plates with ocean cootanination fran n.tber CES i !11 • Can Scllll le cootilllination 

n.tber discs to seal seals near bottan. 
errls . ~senger 
activated . 

Ni skin Sclllll irg Rigid~ with Internal latex 1.7 to 30l l.B (6) to Trace netals an:! organics Multiple bottles ltlt coovenient for 
bottle - Teflon optional tubirg . ~senger (0 .4 to 7 .B deep ocean fran latex closure rrechanisn. can be triggered very sha 11 CM water . 
coated internal Tefloo coatirg activated. gal) Organics fran ~ if not rE110tely by use of Sare cootillli nat i CJ1 
closure Tefloo coated. awropriate rossibilities . 

accessory 

Flcw--thmqi Niskin Rigid~ with Cl ose--open-c lose 1.7 to 60l l.B (6) to Hininal if Tefloo coated. Can penetrate ltlt coovenient for 
type bottle optional valves. It> internal (0.4 to 15.6 deep ocean Otherwise g:xxl c:harK:e of surf ace s l i cks with sha 11 CM water . 
T efl on-coated-external Tefloo coatirg ITa:han i 9ll . gal) organics cootaninatioo fran mininal chance of 
closure ~ - contanination. 



TABLE 2. SI.WARY OF WATER SAMPLJ~ E~IMNT (COOTINUED) 

Size ~th Range Possibility of Cootaninaticn klvantages Disadvantages 
Coostru:tioo Closure ~hanism Rarge r-k!ters (feet) 

Gl ass-1 i ned Bcxiy-arrdi zoo Stainless steel disc 5 to 90l. ( 1.3 ttrl!rate repth Minimal Lack of Very expensive . 
cootaninaticn-free alum run fl4'.)tures at preset to 23 .5 gal) to 4000 rreters cootani nat i en, Very teavy and 
m:xJificaticn of the a 11 oy. Pyrex repth. Stainless 151.. (3 .9 gal) (13,200 feet) especially organics cumersare. 
Niskin oottle . glass liner steel check valve starmrd size . 

sarple prevents 
chcnber . Fl™ cootaninaticn after 
restri ctor, oottle is filloo. 
check valve, 
rupture disc 
of stainless 
steel. 

Grab-sarpler glass Glass oottle Spring closure. 3.7L (1 gal) Surface to 9 Minimal Can penetrate Limitoo to 
oottle oo line Sl.f.lX)rtoo by Pulloo qier1 by (30) surf ace s l tcks . relatively shallo.t 

rretal auxiliary line at Easily coostru:too. waters. 
frctre-Tefloo repth . 
cap . 

Grab sarpler-glass Alumrun pole External lever on 12!inl to ll Surface to Minimal Can penetrate Limitoo to shallo.t 
l:xlttle oo pole. with glass pole . (3. 75 to 30 oz) approximately surface slicks . waters . 

sarple oottle. 1.8 (6) lnterchargeable 
Tefloo cap. oottles. 

~th-integrating Brcnze NIA 473 ml (14 oz) 0 to 5.8 (19) Minimal organics with brcnze ~th integrating. ~th limitaticn. 
Sarp l ers Sarp l i ng . (available troy. Minimal rretals with Can be q:,eratoo Intake tube nay 

with paintoo troy. fran bricges or becare pllqied by 
G) epoxy-paintoo ooats . Hand-line trash . Prinarily 

I troy, nylcn q:,eraticn . des i !1)00 for ...... 
nozzles, and sarp l i ng fl owi ng (X) 

silicooe water. 
n&r gaskets 
for trace 
rretals 
sarpling . ) 

Brcnze NIA 946 ml (28 oz) 0 to 5.8 (19) Minimal organics with brcnze ~th integrating . ~th limitaticn. 
(available troy. Minimal rreta ls with Can be q:,eratoo Intake tube may 
with pa i ntoo troy. fran bricges or becare pllqied by 
epoxy-pai ntoo ooats . trash. Primarily 
troy, nylcn desi !1)00 for 
nozzles, and sarp l i ng flowing 
s i l i c:ooe-rutiler water. 
gaskets for 
trace rretal 
sarpling). 



TABLE 2. ~y OF WATER SAHPLI~ E~IMNT (CXNfltuD} 

Bag 5al1)ler 

Swrce: EPA 

en 
I ...... 

I..O 

C.00s tiu:t i oo 

Alunirun 
(available 
with 
eJXlXY""pa i nted 
txidy. ny loo 
rozzles, ard 
sil icooe 
ntxler gaskets 
for trace 
rreta l 
5al1)1 ing . ) 

Alunirun sick! 
plates with 
pol~thylene 
bags . 

Closure '1echanisn 

N/A 

Messenger activated; 
knife cuts~ 
sealed fill ttiie. 

Size 
Range 

473 or 946 ml 
(14 to 28 oz) 

1.5 L (0.4 gal) 

~th Range 
foleters (feet} 

0 to 22 (73} 
with 473 ml 
C<J1tainer; 0 
·to 15.5 (51} 
with 946 ml 
C<J1tainer . 

Lhl imited 

Possibility of C01taninatioo 

Mininel organics with 
alunirun txidy. Mininel rretals 
with painted txidy. 

Phthalate esters ard other 
organics fran bilg. 

Advantages 

Point-integrating. 
Can 5al1)le 
C<J1t i JUXJS l y over . a 
range in ck!pth . 

Can penetrate 
surface slicks ; may 
be useful for 
rretals . 

Disadvantages 

~th limitatioo . 
Valving syste11S 
requ i res a OC po,,er 
5tWly. 

Potential for 
organics 
C<J1taninatioo . 



3.2.5 Groundwater Pathways Sampling 

Groundwater monitoring will be conducted as part of the site 
characterization effort to identify subsurface pathways of contaminant 
migrat i on and to define the areal and vert i cal extent of subsurface 
contamination. Th i s information will be used in assess i ng the risks to 
humans and the environment through the groundwater pathway . Computer 
modeling of groundwater movement and contaminant migration may be conducted 
as part of the risk assessments. If models are to be used in the 
evaluation, sufficient data should be collected during the site 
characterization effort to provide input to the models. 

3.2.5.1 · Saturated Zone 

The groundwater monitoring must consider both the hydraulics (movement, 
rates , and directions of groundwater and contaminant flow) and the quality 
of the groundwater . This information can be obtained through data 
collection from appropriately located monitor wells and piezometers . 
Because of the relatively high cost of wel ls and piezometers, their ut i lity 
can be optimi zed by using ind i rect geohydro l ogical data to select s~mpling 
,~cat i ons. Indirect data can be obtained from existing hydro -geolog i c maps 
and reports, aerial image interpretation , soil-gas analys i s, geophys i cal 
surveys, and other techniques. Typically, groundwater studies are conducted 
in several stages to take advantage of new information derived from i ndirect 
and direct sources. 

The equipment/methods for groundwater sampling may be found in t he 
following references: Johnson 1986; Freeze and Cherry 1979; Kruseman and 
DeRidder 1976; Van der Leeden 1983; Walton 1970 ; Everett 1980; Sanders 
et al . 1983; and Sisk 1981. EPA-approved methods will be used whenever 
possible . Drilling methods and well casing and screening materials for 
monitoring wells are summarized in Tables 3 and 4 . 

Methods of drilling, well completion, and well development will vary 
depending on site conditions. General precautions that should be followed 
at all sites include: 
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TABLE 3 . DRILLING METHODS FOR HONJTORING WELLS 

Type Advantages Disadvantages 

Hollow stem auger Split spoon and continuous core give Cannot be used in all consolidated 

Hud rotary 

G') 
I 

N ...... 

excellent samples from precise depths 

No drilling fluid is used, minimizing 
contamination problems 

Formation waters can be sampled during 
drilling by using a screened lead auger 
or advancing a well point ahead of the 
augers 

Hole caving can be overcome by implacing 
screen and casing before augers are 
removed 

Can be used both in unconsolidated and 
consolidated formations 

Core samples can be collected for 
certain types of analysis 

materials 

Limited to depths of 100-200 ft; 
formation samples may not be completely 
accurate, depending upon how they are 
taken 

Drilling fluid is required: 
- contaminants are circulated with the 

f 1 u id 
the fluid mixes with the formation 
water and invades the formation and 
is sometimes very difficult to remove 

Cores excellent for lithological correlation - Bentonite fluids may absorb metals 
and may interfere with some other 

Capable of drilling to any depth 

Casing not required during drilling 

Flexibility in well construction 

parameters 
- organic fluids may interfere with 

bacterial analyses and/or organic
related parameters 

No information on location of the water 
table and only limited information on 
water-producing zones, is direct 1 y 
available during drilling 
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TABLE 3 . DRILLING METHODS FOR MONITORING WELLS (Continued) 

Type Advantages Disadvantages 

Air rotary 

Cable tool 

No drilling fluid is used, minimizing 
contamination problems 

Cores can be analyzed for certain types 
of constituents 

Can be used in both unconsolidated and 
consolidated formations 

Capable of drilling to any depth 

Formation sampl Ing ranges from ex
cellent in hard, dry formations to 
nothing when circulation is lost in 
formations with cavities 

Formation water is blown out of the 
hole along with cuttings making it 
possible to determine when the first 
water-bearing zone is encountered 

Collection and field analysis of water 
blown from the hole can provide enough 
information regarding changes in water 
quality for parameters such as 
chlorides for which only large con
centration changes · are significant 

Only small amounts of drilling fluid 
(generally water with no additives) are 
required 

Casing is required to keep the hole open 
when drilling in soft, caving formation 
below the water table 

When more than one water-bear i ng zone is 
encountered and hydrostatic pressures 
are different, flow between zones occurs 
between the time drilling is completed 
and the time the hole can be properly 
cased and grouted off 

Cuttings are difficult to control creating 
dust problems . Health hazards in con 
taminated areas 

Potential contamination by drilling flui 

Relatively large diameter s are r e q uire d 
(minimum 4-in . casing) 
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TABLE 3. DRILLING METHODS FOR MONITORING WELLS ' (Continued) 

Type _Advantages Disadvantages 

Can be used in both unconsolidated and 
consolidated formations; well suited 
for caving, large gravel type 
formations with large cavities above 
the water table 

Formation samples can be excellent with 
a skilled driller 

When water is encountered, changes in 
potentiometric levels are observable 

Relative permeabilities and rough water 
quality data from different zones 
penetrated can be obtained by skflled 
operators 

Good seal between casing and formation 
if flush jointed casing is used 

Steel drive pipe must be used 

Caving ~f holes requires the casing to be 
run with · the drilling 

Usually a screen must be set before a 
water smaple can be taken 

Open hole gives poor samples for 
analysis 

J 
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TABLE 4 . WELL CASING AND SCREEN MATERIALS 

Type Advantages Disadvantages 

PVC Excellent chemical resistance to weak May absorb some constituents from gound-
(Polyvinyl chloride) alkalies, alcohols, aliphatic hydro- water 

carbons, and oils 

Polypropylene 

Teflon 
(Teflon is a re
gistered trademark 
of DuPont, Inc . ) 

Mild steel 

Good chemical resistance to stron~ 
mineral acids, concentrated oxidizing 
acids, and strong alkalies 

Excellent chemical resistance to 
mineral acids 

Good to excellent chemical resistance 
to alkalies, alcohols, ketones, and 
esters 

Good chemical resistance to oils 

Fair chemical resistance to concentra
ted oxidizing acids, aliphatic hydro
carbons, and aromatic hydrocarbons 

Outstanding resistance to chemical 
attack; insoluble in all organics ex
cept a few exotic fluorinated solvents 

Strong, rigid ; temperature sensitivity 
not a problem 

May react with and leach some constitu
ents into ground~ater if not sampled 
correctly 

May react with and leach some constitu
ents into groundwater 

Very expensive 

May react with and leach some constitu 
ents into groundwater 

Not as chemically resistant as stain
less steel 



TABLE 4 . WELL CASING AND SCREEN MATERIALS 

Type Advantages Disadvantages 

Stainless steel 

Cu 
I 

N 
01 

Excellent resistance to corrosion and 
oxidation 

Need good equipment to make connections 

Heavier than plastics 

Hay corrode and leach some chromium in 
very acidic waters 

Hay act as a catalyst in some organic 
reactions 

Hard to handle and make connections 



o Prevent hydraulic connections between different stratigraphic 
units while drilling 

o Seal completely the screened interval from overlying layer s 

o Manage water pumped or blown from the well during development 
properly, and 

o Clean all equipment to prevent downhole cross-contamination . 

Sampling method selection criteria and sampling devices for monitoring 
wells are summarized in Tables 5 and 6. Samples should be carefully drawn 
and preserved to maintain the integrity of the samples and prevent cross 
contamination between strata. Methods that all ow excessive exposure to the 
atmosphere, to other gases, or to other strata should not be used if they 
might influence the measurement of specific constituents . For example, 
exposure of the sample to the atmosphere, to other gases, or to other strata 
may result in changes in the concentration of dissolved gases in the sample . 
These changes can alter the pH of the sample, which in turn can alter the 
dissolution of specific constituents, particularly metals, and influence 
water quality measurements. Similarly, changes in the redox potential and, 
consequently, in the chemical species present may result. Exposure of the 
sample to the atmosphere or to reduced pressures can also result in the 
degassing and loss of volatile organics from the sample. 

Collection of immersible fluid samples requires special procedur es 
because evacuation immediately prior to sampling is not appropriate. A 
sample of the floating immersible may be taken by using a bailer that fills 
from the bottom. Care should be taken to lower the bailer just through the 
floating layer but not significantly down into the underlying groundwater. 
Samples of the groundwater at the bottom of the screen and at some 
intermediate location, such as the midpoint of the screen, may also be 
obtained with a bailer. Sampling of a dense immersible can be accomplished 
by using a grab sampler. Pumps with intakes located in immersible f l uid may 
also be used. If a pump is used, it must be operated at a sufficiently low 
rate to ensure that no mixing occurs. 
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TABLE 5 . GROUNDWATER SAMPLING -- METHOD SELECTION CR I TERIA 

Thief, in situ or 
Positive Displacement Dual Check Valve 

Analyte Parameters Bladder Pumps Bailers 

Volatile organic 
compounds 

Dissolved gases 

Well-purging 
parameters 

Trace inorganic 
'metal species 

c, Reduced species 
I 

N ...... Major cations and 
anions 

Superior performance 
for most applications 

Superior performance 
for most appl i cations 

Superior performance 
for most applications 

Superior performance 
for most applications 

Adapted from : EPA-6OO/2-85-1O4. 

May be adequate 
if wel 1-purgi ng 
is assured 

May be a d'equ ate 
if well-purging 
is assured 

May be adequate 
if well-purging 
is assured 

May be adequate 
if well-purging 
is assured 

Mechanical 
Positive 

Displacement Pumps 

May be adequate if 
design and opera-
ti on are controlled 

May be adequate if 
design and opera-
tion are controlled 

Adequate 

Adequate 

Gas Drive Suct i on 
Devices Mechanism s 

Not recommended 

Not recommended 

May be adequate 

Adequate 

Not recommended 

Not recommended 

May be adequ~te 
if materials 
are appropriate 

Adequate 



TABLE 6 . SAMPLING DEVICES FOR MONITORING WELLS 

Ease of 
Appropriate Materials Potential Operating, 

Maximum (Sampling for Chemical Cleaning and 
Device Sampling Depth Device Only) Alteration Maintenance 

Bailers Unlimited Any Slight-moderate Easy 

Syringe samplers Unlimited Stainless 3 l 6 . Hinimum-sl jght Easy 
Teflon or poly-
ethylene/glass 

Suction-] i ft 8-10 ft Highly variable High-moderate Easy 
(vacuum) pumps 

Gas - drive samplers 300 ft Teflon, PVC, Moderate - high Easy 
polyethylene 

Bladder pumps 400 ft Stainless 316 . Minimum-slight Easy 
en Tel fon/Vi ton I 
N PVC, silicone CX> 

Gear-driven sub- 200 ft Stainless 304 Minimum - slight Easy 
mersible pumps Teflon, Vito n 

Helical rotor sub- 125 ft Stainless 304 Slight - moderate Moderately 
mersible pumps EPDM Teflon difficult 

Gas-driven piston 500 ft Stainless 3 04 Slight-moderate Easy to 
pumps Teflon De 1 r in moderately 

di ffi cult 

Air 1 i ft sampler Limited by Variable Hi gh-moderate Easy to 
bursting d i ff i c ult 
strength of pipe 
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TABLE 6 . SAMPLING DEVICES FOR MONITORING WELLS (Continued} 

Appropriate 
Maximum 

Materials 
(Sampling 

Potential 
for Chemical 

Ease of 
Operating, 

Cleaning and 

Device Sampling Depth Device Only} Alteration Maintenance 

Jet pump 150 ft Variable Slight-high Moderately 
difficult 

Rod or pitcher pumps 400 ft Plastic steel High-moderate Difficult 

Source : DOE 1986 . 



3.2.5.2 Unsaturated Zone 

Groundwater risk assessments need to include characterization and 
assessment of the unsaturated (vadose) zone. The unsaturated zone is 
described as the layers of soil . or parent material between the surficial 
layer and the saturated (groundwater) zone. The movement of moisture in 
this zone is usually relatively slow; however, under some conditions, a 
rapid downward flux of moisture may occur. The unsaturated zone will be 
monitored, as appropriate, to define the spatial distribution of 
contamination and to detect any significant movement of contaminants 
downward towards both soil cores and soil-pore liquids. The number, 
location, and depth of soil core and soil-pore liquid samples collected will 
be determined on a site-specific basis to allow an accurate indication of 
both water and soil quality. The study of -the unsaturated zone is usually 
more difficult to implement than studies of groundwater. Techniques for 
monitoring the vadose zone are not as well developed as techniques for 
monitoring groundwater; however some guidelines for vadose zone monitoring 
may be found in the following references Wilson 1979; Wilson 1981; Wilson 
1982; and Wilson 1983. Vadose zone sampling techniques are briefly 
summarized in Table 7. 

3.2.6 Land Migration Pathways 

The site characterization activities will include sampling of land 
migration pathways. The land pathways sampling program will be primarily 
directed at collecting soil samples. The type, location, and frequency of 
samples collected will depend on the site-specific conditions. Specific 
equipment/methods will be identified in each SSMP Sampling Plan. EPA
approved methods and guidance will be used as appropriate. 

Soil sampling is conducted to determine the general soil 
characteristics and the type, degree, and extent of soil contamination 
resulting from various operational activities and disposal practices. 
Selection of the most appropriate sampling techniques and equipment to be 
used for soils will be dependent on the soil type and condition, the sample 
depth, and the amount of material required for analysis. The major 
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TABLE 7. VAOOSE AONE MONITORING TECHNIQUES 

Methods Applications 

Soil core samples 
1) triers 
2) oakfield 
3) bucket augers 

4) power driven continuous 
corers 

5) power driven split spoon 

Soil-pore liquid samples 

1) pressure vacuum lysimeters 

2) trench lysimeters 

3) vacuum extractors 

very shallow core samplers 
shallow core samples 
good quantity cores to approximately 
60 m 

very good quality cores to 
approximately 60 m 

generally good for field application 
ceramic cup may affect water quality 
not recommended for volatiles 
samples only free water in excess of 
saturation 
required excavation of large trench 
gives quantitative estimate of moisture 
delicate instrument, trained operator 
poor in clay soils 

Source: Extracted from EPA SW-846. 
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differentiating factor in the selection of techniques and equipment is the 
depth of the sample. Surface samples are generally easy to obtain using 
hand equipment. Subsurface samples are obtained by drilling or by 
excavating test pits. Soil sample collection methods are summarized in 
Table 8. In order to minimize the chances that samples will be cross 
contaminated, all sampling equipment must be carefully cleaned before each 
use (Section 3.2.1). 

Subsurface sampling is conducted to obtain soil from known depths in 
order to evaluate site characteristics, detect the presence of any 
contaminants, and to evaluate the potential for pollutant migration. Drill 
rigs or backhoes are generally necessary to collect subsurface soil samples . 
Subsurface samples may be obtained continuously, at predetermined depths , or 
at every change in lithology. Continuous sampling provides the most 
accurate record of subsurface conditions for interpretive purposes but is 
not always necessary, depending on the objectives of sampling. Test pits 
may be used to expose shallow soil units in order to obtain detailed soil 
descriptions and multiple samples from specific soil horizons. 

In addition to field sampling logs, descriptive logs of visual soil 
characteristics should be maintained for all soil sampling operations . The 
log should contain a description of the soil horizons, including so i l color 
(visual inspection or Munsell Color Notation), texture (USDA or a unified 
soil classification system including grain size), density (standard 
penetration tests) or consistency, measurements made with organic vapor 
detectors, and relative moisture content. 

3.2.7 Biotic Sampling and Evaluations 

The collection of biotic samples (flora and fauna) will be conducted as 
part of the site characterizations to provide information relative to 
contaminant migration for risk assessments. The type of samples collected 
will depend on the site-specific conditions and will be detailed in each 
SSMP. However, in general, important food chain species (including domestic 
species as appropriate) and biological indicator species will be targeted 
for evaluation. 
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Sampler 

ring samplers/ 
soil punch 

trowels 

shovels 

hand augers 

bucket augers 

power driven 
corer/auger 

power driven 
auger with 
split spoon 

trenching 

Depth Capability 

20 cm 

30 cm 

90cm 

2 m 

3 m 

variable 

variable 

variable 

TABLE 8. SOIL SAMPLING METHODS 

Application 

nonclay surface soils 
(reproducible area) 

surface soils 
(nonreproducib1e area) 

loose subsurface sediments 
(nonreproducible area) 

disrupted cores 
(cross contamination problems) 

stony, dense, sandy, or 
saturated materials 

cores from greater depths 
than hand auger 

Materials 

stainless steel, chrome
plated steel 

stainless steel 

steel 

stainless steel, brass 

stainless steel. brass 

stainless steel 

good samples at distinct depths stainless steel 

broad subsurface application 
(expensive) 
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In addition, bi otic communities may be evaluated (but not necessarily 
sampled) to provide information on community disturbances and asses s 
environmental effects. These evaluations may include surveys for i nvader 
species (indicating past disturbance or contamination), surveys to detect 
community composition changes, characterization of endangered/threat ened 
species habitat (to minimize impact from a site), and/or quantificat ion of 
biomass production relative to total regional availability. 

3.2.8 Geophysical Investigations 

Geophysical techniques may be used in the site characterization effort 
to locate and provide additional information on hazardous waste sites and 
contamination plumes. Geophysics will be primarily used to collect 
reconnaissance data and provide input for selection of sampling sites and 
groundwater monitoring locations. Geophys i cal surveys may be used t o: 

o Detect unknown waste deposits, pipes, and cables; 
o Determine lateral boundaries of plots and trenches; 
o Determine the thickness of overburden material; 
o Discriminate between metallic and non-metallic materials; 
o Map chemical contaminant migration plumes; 
o Locate sinkholes; and 
o Determine the depth to groundwater and bedrock . 

A general summary of geophysical methods is provided in Table 9. The 
application of geophysical surveys will be identified in each SSMP. 
Geophysical methods can provide useful reconnaissance information through 
indication of soil disturbances, buried objects, and changes in 
conductivity/resistivity. However, geophysical investigations cannot 
specifically identify the nature of the objects or locate buried 
objects/contaminant plumes with a high degree of resolution. Geophysical 
data collected under Section 3.2.8 will not be used to provide definitive 
answers . 
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Techniques 

Metal Detector 

Magnetometer 

Ground Penetrating 

Aerial Imaging 
. thermal 
.photography 

Acoustic Reflection 

Electrical Resistivity 

TABLE 9. GEOPHYSICAL METHODS 

Applications 

Large metal objects 

Iron and steel 
objects 

Anomalies in 
the soil column 
trenches, pits, voids 

Vapor releases 
Surface anomalies 
Vegetation changes 

Buried objects 
Metallic/nonmetallic 
in tight/moist soils 
(poor resolution) 

Buried objects 
Metallic/nonmetallic 
in tight/moist soils 

Electrical Conductivity Buried objects 
(poor resolution) 

Seismic Techniques 

Bore Hole Geophysics 

Site geology 
Groundwater contamination 
in unconsolidated sand 

Stratigraphy and 
lithology evaluations 
Water quality determinations 
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5 to 100 ft 

NA 
NA 

25 ft 
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3.2.9. Radiological Surveys 

Radiological surveys may be necessary to locate radionuclide 
contamination and to characterize the types of radionuclides present. 
Radiological contamination can be measured directly through monitor i ng for 
gross alpha and beta or x-ray/gamma, or it may be determined by sampling 
soils, sediments, surface waters, groundwater, suspended particulates, 
and/or biota. 

Some analytical measurements for soil and water sampling are di scussed 
in Section 7. When soil samples are collected and analyzed for alpha 
contamination, the soils must be dry to prevent shielding by soil water . 

3.2.9.1 Surface x~Ray/Gamma Measurements 

External x-ray/gamma measurements may be used to estimate the near 
surface extent and levels of x-ray/gamma contamination present at a waste 
site and to estimate the potential health effects from external exposure. 
Standard x-ray/gamma survey instruments are commercially available and 
include high purity germanium detectors, sodium-iodide crystal scin t illation 
counters, and portable survey counters. Because the instruments •differ in 
their sensitivity for gross measurements, a microR meter should be used for 
most environmental measurements. If very high radiation levels are 
expected, a milliR meter will be adequate. Calibration of the instrument at 
regular intervals using a source of known strength is important .. (Because 
the x-ray/gamma spectrum is dependent upon the source used, some errors in 
the absolute readings will ·result if the radionuclides being sui-veyed give a 
somewhat different spectrum from the source.) 

Surficial (depth less than 20 cm) x-ray/gamma contamination can be 
detected by walking the area (on a grid superimposed over the site) holding 
the survey meter at a constant height above the ground. The relative 
differences between readings on the site and background measurements (made 
under similar conditions including similar soils) can be used to identify 
areas of potential contamination. 
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3.2.9.2 Surface Alpha and Beta Measurements 

External alpha and beta measurements may be used to estimate the near 
surface extent and levels of alpha and beta contamination present at a waste 
site, and to estimate the potential health effects from external exposure. 
Standard portable alpha and beta survey instruments are commercially 
available. Because of the very short range of alpha particles, alpha 
detection instruments must be in close contact with the sample. Calibration 
of the instruments at regular intervals using a source of known strength is 
important. Field instruments for alpha and beta measurements are only 
useful for high intensity fields that approach personnel safety limits. Low 
intensity fields can only be adequately surveyed by laboratory analysis of 
collected samples. 

3.2.9.3 Borehole Measurements 

Down hole radionuclide measurements may be required to characterize the 
radionuclide concentrations as a function of depth. Standard gamma logging 
instruments are available for making borehole measurements, including a 
thallium-enriched analyzer. Borehole instrumentation must be calibrated to 
the sample medium to provide meaningful results . 

4. SAMPLE CONTAINERS, PRESERVATION, AND HOLDING 

To minimize changes in the chemical quality of a sample during shipping 
and storage prior to analysis, the investigator should use proper containers 
and adequate procedures for sample preservation and shipment. In some 
cases, the investigator may also need to split the sample into several 
different samples, specifying different sample containers and preservation 
methods for each sample based on the analyses of interest. 

Methods of preservation are relatively limited and are intended 
generally to (1) retard biological action, (2) retard the reaction of 
chemical compounds and complexes, (3) reduce volatility of constit4ents, and 
(4) reduce absorption effects. Preservation methods are generally limited 
to pH control, chemical addition, refrigeration, and freezing. 
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4.1. SAMPLE CONTAINERS 

The most important factors to consider when choosing containers for 
hazardous material samples are compatibility, resistance to breakage, 
volume, and compliance with Department of Transportation (DOT) shipping 
regulations. 

The sample container requirements for soil/sediment and aqueous samples 
are summarized in Tables 10 and 11, and for wastes are summarized in Table 
12 . 

Sample container materials will be selected to reduce interference 
.with the chemical parameters of interest. Glass and polyethylene containers 
are the most commonly used. Polyethylene containers and caps are preferred 
for metals. Glass containers with Teflon-lined caps must be used for 
organics. Teflon-faced septa are used for volatile organics. The selection. 
of containers, closures, and linings must be coordinated with the analytical 
laboratory, which may require specific containers for certain analyses. 

Selection of container size will depend on the quantity of sample 
needed for analysis and the nature of the material. The container should be 
large enough to contain a sufficient sample for analysis, split analysis, 
hand/or archiving. However, using excessively large containers will increase 
storage problems and shipping costs. In addition, containers for samples 
that may contain volatile compounds should be selected to minimize the 
amount of empty space in the container. 

Depending on the analyses to be performed and the nature of the samples 
being collected, the sample containers must be treated according to specific 
procedures. Some general guidelines are provided below. More specific 
cleaning instructions will be given in the SSMPs as necessary. 

o General Bottle Cleaning: 

o Procedure; rinse bottles with tap water, soak bottles in 
phosphate-free detergent solution for approximately 30 
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Anal yt i cal Parameter 

Halogenated volatile 
organics 

Nonhalogenated 
volatile organics 

Aromatic volatile 
organics 

Acrolein, 
acrylonirile, 
acetonitrile 

Phenols 

en 
I 
w 
I.O 

Phthalate esters 

Organochlorine 
pesticides and PCBs 

Sample Size 

Enough to fi 11 (2) 
40 ml vials 

Enough to fill ( 2) 

40 ml vials 

Enough to fill (2) 

40 ml vials 

Enough to fill (2) 

40 ml vials 

Minimum 100 g 

Minimum 100 g 

Minimum 100 g 

TABLE 10 . SAMPLE REQUJREHENTS--SOIL/SEDIHENT SAMPLES 

Container 

Glass vi al with Teflon-
faced silicon septa and 
screw cap 

Glass vi al with Teflon-
faced silicon septa and 
screw cap 

Glass vial with Teflon-
faced silicon septa and 
screw cap 

Glass vial with Teflon- · 
faced silicon septa and 
screw cap 

Grab-borosilicate glass; 
composite-refrigerated 
glass; no tygon tubing 

Grab-borosilicate glass; 
composite-refrigerated 
glass; no tygon tubing 

Grab-borosilicate glass; 
composite-refrigerated 
glass; no tygon tubing 

Preservatives 

4°C, 
hermetically 

4°C, 
hermetically 
sealed 

4°C, 
hermetically 
sealed 

4°C, 
hermetically 
sealed 

Holding Time 

Hust analyze within 
14 days 

Hust analyze within 
14 days 

Hust analyze within 
14 days 

Hust analyze within 
14 days 

Hust extract within 
7 days, and analyze 
within 30 days 

Hust extract within 
7 days, preferably 
within 2, and analyze 
within 30 days 

Hust extract within 
7 days, preferably 
within 2, and analyze 
within 30 days 

Comments 

Sample container should 
contain no headspace 

Sample container should 
contain no headspace 

Sample container should 
contain no headspace 

Sample containter should. 
contain no headspace 



Analytical Parameter 

Nitroaromatics and 
cycloketones 

Polynuclear aromatic 
hydrocarbons 

Chlorinated 
hydrocarbons 

0rganophosphorous 
pesticides 

C, 
I 

.::,. 
0 

Chlorinated 
herbicides 

Volatile organics 
(GC/HS) 

Semivolatile 
(GC/HS) 

Sample Size 

Minimum 100 g 

Minimum 100 g 

Minimum 100 g 

Minimum 100 g 

Minimum 500 g 

To fill (2) 40 ml 
vials 

To fill (2) 40 ml 
vials 

TABLE 10. SAMPLE REQUIREHENTS - -S0IL/SEDIHENT SAMPLES (Continued) 

Container 

Grab-borosilicate glass; 
composite-refrigerated 
glass; no tygon tubing 

Grab-borosilicate glass; 
composite-refrigerated 
glass; no tygon tubing · 

Grab-borosilicate glass; 
composite-refrigerated 
glass; no tygon tubing 

Grab-borosilicate glass; 
composite-refrigerated 
glass; no tygon tubing 

Grab-borosilicate glass; 
composite-refrigerated 
glass; no tygon tubing 

Glass vial with Teflon-
faced silicon septa 
and screw cap 

Glass vial with Teflon-
faced silicon septa 
and screw cap 

Preservatives 

4°C/protect 
from 1 i ght 

Holding Time 

within 30 days 
Hust extract within 
7 days, preferably 
within 2, and analyze 
within 30 days 

Hust extract within 
7 days, preferably 
within 2, and analyze 
within 30 days 

Hust extract within 
7 days, preferably 
within 2, and analyze 
within 30 days 

Hust extract with 
7 days , preferably 
within 2, and analyze 
within 30 days 

Hust extract within 
7 days, and analyze 
within 30 days 

Extract and analyze 
within 14 days 

Extract within 14 days 
and analyze within 
40 days 

Comments 

Minimize headspace of sample 

Minimize headspace of sample 



Ana 1 yt i ca 1 Parameter Sample Size 

Metals Minimum 100 g 

Cyanide 100 g 

Chromium VI 100 g 

EP Toxicity Minimum 600 g 

TABLE 10 . SAMPLE REQUIREMENTS--SOIL/SEOIMENT SAMPLES (Continued) 

Container 

HOPE or glass, prewashed 
with detergent, acid, 
and Type II 

HOPE or glass 

HOPE or glass 

Borosilicate glass 

Preservatives Holding Time 

Analyze ASAP 

Ana 1 y'ze ASAP, 
24 hours max. 

Analyze ASAP, 
48 hours max . 

Metals-ASAP 
Pesticides - extract 
within 7 days and 
analyze within 30 days 

Comments 

Special containers necessary if 
volatile As, Se compounds 
present . Ag samples stored in 
brown bottles in the dark . 

Sample preservation should be performed immediately upon collection . For composite samples each aliquot should be preserved at the time of 
collection . When impossible to preserve each aliquot, then samples may be preserved by maintaining at 4 C until compositing and sample splitting is 
completed. 

Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that ~amples may be held before analysis to 
be still considered valid. 

This information taken from EPA publication SW-846, 2nd Edition, "Test Methods for Evaluating Solid Waste" (July 1982) 
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Inorganic Tests 
Acidity 
Alkalinity 
Ammonia 

Parameter Name 

Biochemical oxygen demand 
Bromide 
Biochemical oxygen demand, carbonaceous 
Chemical oxygen demand 
Chloride 
Chlorine, total residual 
Color 
Cyan )de, total and amendable to 

chlorination 
Fluoride 
Hardness 
Hydrogen ion (pH) 
Kjeldahl and organic nitrogen 
Nitrate 
Nitrate-nitrite 
Nitrite 
011 and grease 
Organic carbon 
Orthophosphate 
Oxygen, Dissolved Probe 

Winkler 
Phenols 
Phosphorus (elemental) 
Phosphorus total 
Residue, tot a 1 
Residue, filterable 
Residue, nonfilterable (TSS) 
Residue, settleable 

TABLE 11 . SAMPLE REQUIREMENTS- - AQUEOUS SAMPLES 

Container1 

P,G 
P,G 
P,G 
P,G 
P,G 
P,G 
P,G 
P,G 
P,G 
P,G 
P,G 

p 

P,G 
P,G 
P,G 
P,G 
P,G 
P,G 
G 

P,G 
P,G 
G Bottle 
and top 

do 
G only 
G 

P,G 
P,G 
P,G 
P,G 
P,G 

Preservation2· 3 

Cool, 4° C 
do 
Cool, 4°C, H2so4 to pH<2 
Cool, 4°C 
None required 
Cool, 4°C 

0 Cool, 4 C, H2~o4 to pH<2 
None required 
Op 
Cool, 4°C 
Cool, 4°C, NaOH to pH>l2, 0 . 6g asorbic acid 5 

None required 
HN0 3 or H2so4 to pH<2 
None required 

0 Cool, 4 C, H2so4 to pH<2 
Cool, 4°C 
Cool, 4°C, H2so4 to pH<2 
Cool, 4°C 
Cool, 4°C, H2so4 to pH<2 
Cool, 4°C, HCl or H2so4 to pH<2 
Filter immediately, Cool, 4°C 
None required 

Fi~ on site and store in dark 
Cool, 4°C, H2so4 to p~<2 
Cook, 4°C 
Cool. 4°c, H SO t H 2 2 4 ° p < 
Cool, 4°C 
Cool, 4°C 
Cool, 4°C 
Cool, 4°C 

Maximum Holding Time4 

14 days 
Do 
28 days 
48 hours 
28 days 
48 hours 
28 days 
Do 
Analyze immediately 
48 hours 
14 days 6 

28 days 
6 months 
Analyze immediately 
28 days 
48 hours 
28 days 
48 hours 
28 days 
Do 
48 hours 
Analyze immediately 

8 hours 
28 days 
48 hours 
28 days 
7 days 
48 hours 
7 days 
48 hours 



TABLE 11 . SAMPLE REQUIREMENTS- - AQUEOUS SAMPLES (Continued) 

Parameter Name 

Residue , volatile 
Si 1 i ca 
Specific conductance 
Sulfate 
Sulfide 

Sulfite 
Surfactants 
Temperature 
Turbidity 

Metal s7 
Chromium VI 
Mercury 
Metals, except chromium VI and mercury 

Organic Tests 8 

Purgeable Halocarbons 

Purgeable aromatic hydrocarbons 

Acrolein and acrylon1trile 

Phenols 11 

Container 1 

P,G 
p 

P,G 
P,G 
P,G 

P,G 
P,G 
P,G 
P,G 

P,G 
P,G 
p 

G, Teflon-
1 i ned 
septum 

G, Teflon-
1 ined 
septum 

G, Teflon-
1 ined 
septum 

G, Teflon-
1 ined 
cap 

Preservation2· 3 

Cool, 4°C 
Cool, 4°C 
Do 
Cool, 4°C 
Cool, 4°C, add zinc 
hydroxide to pH>9 
None required 
Cool, 4°C 
None required 
Cool, 4°C 

Cool, 4°C 
HN0 3 to pH<2 
HN03 to pH<2 

acetate plus sodium 

Maximum Holding Time4 

7 days 
28 days 
Do 
Do 

7 days 

Analyze immediately 
48 hours 
Analyze immediately 
48 hours 

24 hours 
2B days 
6 months 

14 days 

Do 

7 days until 
extraction, 40 days 
after extraction 



Parameter Name 

Benzid i nes 11 · 12 

Phthalate esters 11 

Nitrosamines 11 •14 

PCBs 11 

Nitroaromatics and isophorone 11 

Polynuclear aromatic hydrocarbons 11 

' 11 
Naloethers 

Chlorinated hydrocarbons 11 

TABLE 11 . SAMPLE REQUIREMENTS --AQUEOUS SAMPLES (Continued) 

' 1 
Container 

G, Teflon-
1 ined 
cap 

G, Teflon-
1 ined 
cap 

G, Teflon-
1 ined 
cap 

G, Teflon-
1 i ned 
cap 

G, Teflon-
1 ined 
cap 

G, Teflon -
1 i ned 
cap 

G, Teflon -
1 ined 
cap 

G, Teflon -
1 i ned 
cap 

Preservation 2· 3 

Cool, 4°C 

Cool, 4° 

Cool , 4°C 

Cool , 4°C 

Maximum Holding Time4 

7 days until 
extract i on 13 

7 days until 
extraction, 40 days 
after extraction 

Do 

Do 

Do 

Do 

Do 

Do 



TCDD 11 

Pesticides 
Pesticides 11 

Radiological 

Parameter Name 

Alpha, beta, and radium 

1Polyethylene (P) or glass (G) . 

TABLE 11 . SAMPLE REQUIREMENTS- - AQUEOUS SAMPLES (Continued) 

Container 1 

G, Teflon
lined 
cap 

G, Teflon 
lined 
cap 

P,G 

Preservation 2 · 3 

Cool 4°C, pH 5- 915 

HN03 to pH<2 

Maximum Holding Time4 

Do 

Do 

6 months 

2sample preservation should be performed immediately upon sample collection . For composite chemical samples, each aliquot should be 
preserved at the time of collection. When use of an automated sampler makes it impossible to preserve each aliquot, then chemical samples 
may be preserved by maintaining at 4°C until compositing and sample splitting is completed . 

3when any sample is to be shipped by common carrier or sent through the United States Mails, it must comply with the Department of 
Transportation Hazardous Materials Regulations (49 CFR Part 172) . The p~rson offering such material for transportation is responsible for 
ensuring such compliance. For the preservation requirements of Table 4.2, the Office of Hazardous Materials, Materials Transportation 
Bureau, Department of Transportation has determined that the Hazardous Materials Regulation do not apply to the following materials : 
hydrochloric acid (HCl) in water solutions at concentration of 0.04% by weight or less (pH about 1. 96 or greater); nitric acid (HN03) in 
water solutions at concentrations of 0 . 15% by weight or less (pH about 1.62 or greater); sulfuric acid (H2so4) in water solutions at 
concentrations of 0.35% by weight or less (pH about 1 . 15 or greater); and sodium hydroxide (NaOH) in water solutions at concentrations of 
0 . 080% by weight or less (pH about 12.30 or less) . 

4samples should be analyzed as soon as possible after collection. The times listed are the maximum times that samples may be held before 
analysis and still be considered valid. Some samples may not be stable for the maximum time period given in the table . A permittee, or 

} 
monitoring laboratory, is obligated to hold the sample for a shorter time if knowledge exists to show that this is necessary to maintain 
sample stability . 



TABLE 11 . SAMPLE REQUIREMENTS--AQUEOUS SAMPLES (Continued) 

5Should only be used in the presence of residual chlorine. 

6Maximum holding time is 24 hours when sulfide is present . 
adjustments in order to determine if sulfide is present . 
powder until a negative spot test is obtained . The sample 

Optionally, all samples may be tested with lead acetate paper before pH 
If sulfide is present, it can be removed only by the addition of cadmium nitrate 
is filtered and then NaOH is added to pH 12. 

7samples should be filtered immediately on-site before adding preservative for dissolved metals . 

8Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds . 

9sample receiving no pH adjustment must be analyzed within seven days of sampling. 

10The pH adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH adjustment must be analyzed 
within 3 days of sampling. 

11 when the extractable analytes of concern fall within a single chemical category, the specified preservative and maximum holding times 
should be observed for maximum safeguard of sample integrity. When the analytes of concern fall within two or more chemical categories, 
the sample may be preserved by cooling to 4°C, reducing residual chlorine with 0 . 008% sodium thiosulfate, storing in the dark, and 
adjusting the pH to 6-9; samples preserved in this manner may be held for seven days before extraction and for forty days after 
extraction. Exceptions to this optional preservation and holding time procedure are noted in footnote 5 (re: the requirement for 
thiosulfate reduction of residual chlorine) and footnotes 12 and 13 (re: the analysis of benzidine). 

12 If 1,2-dipherryltydrazine is likely to be present, adjust the pH of the sample to 4.0 ! 0.2 to prevent rearrangement to benzidlne . 

13 Extracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxident-free) atmosphere. 

14 For the analysis of dipherrylnitrosamine, add 0.008% Na 2s2o3 and adjust pH to 7-10 with NaOH within 24 hours of sampling . 

15The pH adjustment may be performed upon receipt at the Laboratory and may be omitted if the samples are extracted within 72 hours of 
collection. For the analysi~ of aldrin, add 0 . 008% Na 2s2o3 . 

This information is taken from 40 CFR 136 . 
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Waste Type 

Photosensitive 
wastes 

Pesticides, 
hydrocarbons, 
chlorinated 
hydrocarbons, 
petroleum 
distillates 

Oil wastes 

Strong alkali or 
hydrofluoric 
acid 

Aqueous wastes--
characterization 
of organics 

solids (sludge, 
soil, granular) 

TABLE 12. SAMPLES CONTAINERS FOR WASTE 

Recommended 
Container 

Amber HOPE or 
amber glass 
bottles 1,000 or 
2,000 ml 

Wide mouth 
boros i1 i cate 
glass bottles 
1,000 or 2,000 ml 

Wide mouth 
borosilicate 
glass bottles 
1,000 or 2,000 ml 

HOPE bottles, 
wide mouth 
1,000 ml 

Borosilicate 
glass bottles 
1,000 or 2,000 ml 

8 oz wide mouth 
glass bottle 

G-47 

Recommended 
Closure 

LPE caps for HOPE 
bottles; Bakelite 
caps with Teflon 
liners for glass 
bottles 

Bakelite caps with 
Teflon liner 

Bakelite -capes with 
Teflon liner 

LPE caps 

Caps with Teflon 
liner 

Bakelite caps with 
Teflon 1 i ners 

Analysis 

Waste character-
ization per 
40 CFR-Part 261 

Waste character -
ization per 
40 CFR-Part 261 

Waste charac t er -
ization per 
40 CFR-Part 261 

Waste character-
ization per 
40 CFR-Part 261 

Waste character-
ization per 
40 CFR-Part 261 

Waste character -
ization per 
40 CFR-Part 261 



minutes , scrub bottles with a brush, rinse bottles several 
times wi th tap water to remove the detergent, r i nse bottles 
thoroughly several times with distilled water , rinse bottles 
with methanol, oven dry for one hour at 300°F . 

o Bottle Cleaning for Metals Determinat i on: 

o Procedure; follow general bottle cleaning procedure , add 1:1 
nitric acid to bottles, cap , and shake briefly , all ow bottles 
to stand for approximately 30 minutes, shaking them 
intermittently, pour acid from bottles and rinse them with 
tap water, repeat steps 2, 3, and 4 wi th 1:1 hydrochloric 
ac i d, rinse bottles thoroughly several times with deionized 
distilled water. 

o Bottle Cleaning for Oil and Grease Determinations: 

o Procedure: follow general bottle cleaning procedure , rinse 
bottles (exclud i ng caps) with acid solution, pour acid from 
bottles and rinse them with tap water, rinse ·bottles 
thoroughly several times with distilled water, rinse bottles 
with Freon -113. (Do not mix Freon with nitric acid . ) 

o Bottle Cleaning for Extractable Organics: 

o Procedure; follow general bottle cleaning procedure , rinse 
bottles several time with distilled water , rinse bottles and 
caps two times with pesticide quality hexane. 

Note 1: Chromic acid may be used to remove organic deposits from 
glassware; however, the glassware must be thoroughly rinsed with water 
afterward, and the last traces of chromium are nearly impossible to remove. 
The chromium residues may interfere with chromium analysis. Chromic acid 
should not be used with plastic bottles 
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Note 2: If it can be documented through· an active analytical quality 
control program using spiked samples and reagent and sample blanks that 
certain steps in the cleaning procedure are not required for routine 
samples, those steps may be eliminated from the procedure. 

4.2 PRESERVATION TECHNIQUES AND HOLDING TIMES 

In general, chemical analyses of samples should be conducted as soon as 
possible after sample collection. However, because samples are normally 
transported from the field to a sometimes distant analytical laboratory, 
some preservation is necessary to maintain the integrity of the samples. 
Samples will be preserved and stored in accordance with EPA-approved methods 
and holding times. Sample preservation measures are summarized in Tables 
10 through 12. More specific information will be provided in the SSMPs. 
The guidance provided in the analytical methods documentation should also be 
consulted. 

Sample preservation should be initiated in the field at the time the 
samples are collected. The preservation may include the addition of 
chemical reagents, refrigeration (or icing) to less than 4°c, and/or the 
storage of sample containers in the dark. -In some instances, the optimal 
method for sample preservation can not be used because of shipping 
restrictions (Department of Transportation (DOT) regulations) or other 
special circumstances. 
method should be used. 
materials should not be 

When this occurs, the best alternative preservation 
Samples containing high concentrations of hazardous 
chemically preserved or packed in ice. 

5. SAMPLE CONTROL AND DOCUMENTATION 

All information pertinent to field sampling activities must be recorded 
as part of the CERCLA Site Characterization documentation archive. The 
purpose of sample control and documentation is to ensure that samples are 
documented and documents for a specific project are accounted for when the 
project is completed. Accountable documents include items such as logbooks, 
data records, correspondence, sample tags, graphs, chain-of-custody reports, 
analytical records, and photographs. Each document should bear a serial 
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number and should be listed, with the number, in a project document 
inventory assembled at the completion of the project. The documentation 
coordinator assigned to an installation or specific site will number all 
logbooks, sample tags, graphs, chain-of-custody records, photographs, and 
other records. 

Project logbooks (bound books with consecutively numbered pages) will 
be assigned to project personnel to keep records for each site 
characterization. The logbook will be the responsibility of the assigned 
individual, and transfers of the book will be entered and signed as part of 
the record. In addition, a field logbook (also a bound book with 
consecutively numbered pages) will be kept to record all field act i vities. 
Entries in the logbook must include at least the following: 

o Date and time of entry; 
o Purpose of sampling; 
o Nam~ and address of field contact (federal, state, local 

representative); 
o Producer of waste and address (if known); 
o Type of process producing waste (if known); 
o Type of waste (sludge, waste water, etc.); 
o Description of sample; 
o Waste components and concentrations (if known); 
o Identification number and size of sample taken 
o Description of sampling point; 
o Date and time of collection of sample; 
o Collector's sample identification number(s) and/or name; 
o References such as maps or photographs of the sampling site; 
o Field observations; and 
o Any field measurements made, such as pH. 

Because sampling situations vary widely, notes should be as descriptive 
and inclusive as possible. Someone reading the entries should be able to 
reconstruct the sampling situation from the recorded information. Language 
must be objective, factual, and free of personal feelings or any other 
inappropriate terminology. All entries in the field logbook must be dated 
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and signed. In addition , no erasures or scratchouts are permitted, and 
corrections must be logged in as separate entries. All project logbooks are 
to be turned over to the coordinator at the completion of each work period 
and sent to a central file at the completion of the field activity. 

5.1. CHAIN-OF-CUSTODY PROCEDURES 

Figure 1 is an example of a chain-of-custody/record. Chain-of-custody 
procedures will be employed for all samples collected during CERCLA site 
characterization activities. Chain-of-custody procedures provide a written 
record of the persons responsible for handling samples. 

A sample is in someone's "custody" if: 
o It is in one's actual possess, or 
o It is in one's view, after being in one's physical possession, or 
o It is in one's physical possession and then locked up so that no one 

can tamper with it, or 
o It is kept in a secured area, restricted to authorized personnel 

only. 

5.2. SAMPLE LABELS 

Each sample must be sealed immediately after it is collected and 
labeled using waterproof ink. The label tag must include at least the name 
of the collector, date and time of collection, plant of collection, and the 
sample number. Label tags may be filled out prior to collection to minimize 
handling of the sampling containers . Figures 2 and 3 are examples of common 

sample label or tag formats. 

Labels must be firmly affixed to the sample containers . Tags attached 
by string are acceptable when gummed labels are not available or applicable . 
The container must be dry enough for a gummed label to remain securely 
attached. 

Occasionally, sample containers are marked in the field using a etching 
tool rather than immediately applying a sample label or tag. This avoids 
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SURVEY 

s.. ... 

FIGURE 1 

OWN-OF-CUSTODY RECORD 

SAMPLERS: cs;p. .... i 

Smiple Tv,x: 
No."' S1.1tioa Location Date Time Seq. 

_, 
Water No. o.c..-n 

A ... 

°""" Gt-» 

Reliaquished by: (Sip<ur•l Rucivcd by. (Sipom•) 

Reliaquishcd by. (Sipnn•) Rca:ivcd by. (Sipana,t l 

Reliaquished by. (SipoM•) Rcc.civcd by. (S..,..tvn) 

Reliaquishcd by. (Siprv,.) Rucivcd by. (Sipo...,.l 

Dispatched by: (Sip••") Da1e(Time Rucivcd for Laboratory by: (S..,..,rv,.) 

I 
Metbod of Shipment: 

Disuibulioa: 

on, . Ao:ompany Shipment 
l Copy · S..rwy Coordiaator Fidel FJa 

Figure 5.3. Chain-of-Custody Record 

Source: Sompu,,1 for Hozardow Mt11(1WS (U.S. EnvironmCDLal Protcaioa Agency, 
CiDcinnati, Ohio, N°""mbcr 1984). 

CGMP w.,.._. Dntt Jvly 1916 
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FIGURE 2. SAMPLE LABEL 

OFF1CIAL SAMPLE u.BEL 

Collector ____________ _ Collcctor', Sample No. ____________ _ 

Place of Collection _________ _ 

Date of Sample __________ _ Time Sampled 

Field Information-------------------------------

Ezample of Official Sample Label 

Source: Sampling for Hazlll'dous Nllleriills (U.S. &viroamcDtal Protcctioa Agency, 
Cincinnati, Ohio, N~mbcr 19M). 
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FlGURE 3. SAMPLE TAGS 

SlatimNo. MD./OrJ/Yr. 

Camp 

ENVIRONMENTAL PR01l!CI1ON AGENCY 
OPPICI! OF ENfORCEMENT 

NATIONAL l!NPORCEMENT INVESTIGATIONS Cl!NJ1!R 
81./IU)ING 33, BOX ism, DENVER JleDEJlAL Cl!NJ1!R 

DENVER. COLORADO I0225 

Samplcn: (Sipll\lR) 

Sample l)pOl~tivu 

t . O..CraJ IDarpmm/Ja: 
l. NetalLMNO 
3. Nutricau, NISO. A ke 
4. Oil A Great. NISO. A ltt 
5. l'IIC8olics. HJ'O. a euso. a 1tt 
6. C)oaaide, NaOH A la: 
1. O!paic Cllanctcrizatioa/Ja: 
I . Volatile O!paica/J« 
9. GeecraJ O!paicl/Jcc 
to. T1K1:r fNonc 
ti. Solidl - laarpaia/Jcc or freczc 
U. -. Olpiacs/Jcc or frccu 
tJ. Biol • lllorpaia/J« or fRCU 
14. Biol • O!paica I« or fRCU 
15. Soum: l'illcr. NoDc 
16. f'l'ObcWMb.Notlc 
17. Jmpinpr Caleb. NoDc 
18. Ambieo1 Ftltcr/ Nooe 
19. Solid Ad101bu11/Ja: or l'ffCU 
JO. Ambinl lmpiopr / Aab. O< ltt 
21 . llclltbOI, l!&llaDol cw formal 
22. Caclcriolocy, ... 
23. l'lulaoo. Pormal; Ma(l2; l.uFI'• 
Joi . Qlcropbyll/Jcc or fRCU 
25. htlq<oit lllctcria/la: 

Otmrsc 

Reverse 

Scxucc: S-.pling jCN HIIZllrdous Nlllmll/s (U.S. Environmental Protect.ion Agency, 
Cincinneii, C)llio, November 1984). 
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possible label contamination probes and subsequent decontamination 
difficulties. In this case, the data intended for the sample label are 
written into a sampling logbook and transcribed onto the label after the 
sample containers have been decontaminated. 

The document coordinator records in the logbook the assignment of 
serial sample tags to field personnel. Sample tags must never be discarded. 
Lost, voided, or damaged tags are immediately noted in the logbook of the 
person to whom they are assigned . 

5.3. IDENTIFICATION OF SAMPLES 

The number of persons involved in collecting and handling samples 
should be kept at a minimum. Guidelines established in the SSMP Sampling 
Plan for sample collection, preservation, and handling must be used. Field 
records must be completed at the time .the sample is collected and must be 
signed or initialed, including the date and time, by the sample 
collector(s). Field records must contain the following information: 

o Unique sampling or log number; 
o Date and t ime; 
o Source of sample (including name, location, and sample type); 
o ·Preservative used (if any); 
o Analysis required; 
o Name of collector(s); 
o Pertinent field data (pH, dissolved oxygen, chlorine residue, etc.); 

and 
o Serial numbers on seals and transportation cases. 

One member of the sampling team will be appointed field custodian. If 
the documentation coordinator is present in the field, he/she may also be 
designated the field custodian. Samples will be turned over to the field 
custodian by team members who collected the samples. The field custodian 
documents each transaction and the sample remains in the custodian's custody 
until it is shipped to the laboratory. 
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Each sample is identified by affixing a gummed label or standardized 
tag on the container(s). This label or tag should contain the sample 
identification number; date and time, of collection, source, preservative 
used, analysis required, and the collector(s) initials. If a label or tag 
is not available, the same information should be recorded on the sample 
container legibly and with waterproof ink. 

The sample container should then be placed in a transportation case, 
along with the chain-of-custody record, pertinent field records, and 
analysis request form as needed. The transportation case should be sealed 
or locked. A locked or sealed chest eliminates the need for close control 
of individual samples. However, on those occasions when the use of chest is 
inconvenient, the collector should seal the cap of the individual sample 
container in a way such that any tampering would be easy to detect. 

When samples are composited over a time period, unsealed samples can be 
transferred from one crew to the next. The transferring crew lists the 
samples and a member of the receiving crew signs the list. The receiving 
crew transfers the samples to another crew or delivers them to a laboratory 
person, who signs for the samples. 

5.4. TRANSFER OF CUSTODY AND SHIPMENT 

When transferring the samples , the person who accepts them must sign 
and record the date and time on the chain-of-custody record . Custody 
transfers made to a sample custodian in the field should account of each 
sample, although samples may be transferred as a group. Every person who 
takes custody must f i ll in the appropriate section of the chain-of -custody 
record. to minimize custody records, the number of custodians in the chain 
of possession should be minimized . 

The field custodian is responsible for properly packaging and 
dispatching samples to the appropriate laboratory. This responsi bility 
includes filling out , dating, and signing the appropriate portion of the 
chain-of-custody record. 
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All packages sent to the laboratory should be accompanied by the chain 
of custody record and other pertinent forms. A copy of these forms should 
be retained by the originating office (either carbon or photocopy). Mailed 
packages can be registered with return receipt requested. For packages sent 
by common carrier, receipts should be retained as part of the permanent 
chain-of-custody documentation. Samples to be shipped must be packed so as 
not to break, and the package sealed or locked so that any tampering can be 
readily detected. 

5.5. PHOTOGRAPHS 

Photographs are the most accurate record of the field conditions at a 
specified time. Information about photographs should be recorded in the 
field logbook and on the back of the photographs. This should include: 

o Date and time; 
o Signature of photographer; 
o Name and identification number of site; 
o General direction faced and description of the subject ; 
o Location on the site; and 
o Sequential number of the photographs and the ~~ ll number . 

If possible, photographs should be taken with a camera lens system with 
a perspective similar to that offered by the naked eye. 

6. HANDLING, TRANSPORT, AND STORAGE OF SAMPLES 

Sample collected during CERCLA site characterization will be 
transported from the field to the analytical laboratory. The transportation 
of samples must be accomplished not only in a manner designed to protect the 
integrity of the sample, but also to prevent any detrimental effects from 
potentially hazardous samples. Regulations for packaging, marking, 
labeling, and shipping hazardous materials, hazardous substances , and 
hazardous wastes are promulgated by the U.S. Department of Transportation 
(DOT) and described in the Code of Federal Regulations (49 CFR 171 through 
177, in particular, 172.402h, Packages Containing Samples). Although these 
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regulations were not written for the shipment of samples collected at 
hazardous . waste sites, the EPA has recommended packaging, markings, 
labeling, and shipping samples in accordance with DOT procedures. The 
following guidelines for potentially hazardous CERCLA samples are based on 
the same approach. 

Samples collected at a site should be classified either as 
environmental (low contaminant concentrations) or hazardous (high 
contaminant concentrations). A distraction between the two types of 
samples, environmental and hazardous, must be made to (1) determine the 
appropriate procedures for the transportation of the samples, and (2) 
protect the health and safety of the laboratory personnel receiving the 
samples. Special precautions, procedures, and containment will be used when 
hazardous samples are received. If there is any doubt as to the 
classification of a sample1 it will be considered a hazardous sample and 
shipped accordingly. 

6.1. ENVIRONMENTAL SAMPLES 

Environmental samples are not considered hazardous materials. They 
will be packaged and shipped according to the following procedures. 

o Packaging/Packing. Sample containers that are properly 
identified, have a sealed lid, and are contained in sealed 
polyethylene bags can be packed in fiberboard containers or metal 
picnic cooler-type containers. Sufficient noncombustible, 
absorbent cushioning material should be used to minimize the 
possibility that the sample containers might break. To further 
reduce the possibility of leakage, the sample container, the 
sample bottles, and absorbent material can be placed in a larger 
sealed bag. 

0 Marking and Labeling. Sample containers must have a completed 
sample identification tag. The outside container should be marked 
"Environmental Sample." No DOT marking and labeling is required. 
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o Shipping Papers. No DOT shipping papers are required. 

o Transportation. There are no DOT restrictions on the mode of 
transportation. 

6.2. HAZARDOUS SAMPLES 

Samples expected to contain hazardous materials must be considered 
hazardous substances and transported according to DOT requirement 49 
CFR 172.101. If the material in the sample is known or can be identified, 
then is should be packaged, marked, labeled, and shipped according to the 
specific instructions for that material (if listed). For potentially 
hazardous samples with unknown _contents, the selection of the appropriate 
transportation category is based upon the DOT Hazardous Material 
Classification, a prioritized system of transportation categories. This 
system is presented in Table 13. 

The selection of the correct category for an unknown sample is through 
a process of elimination using the DOT classification system. Unless known 
or demonstrated otherwise (through the use of radiation survey instruments), 
the sample is considered radioactive and appropriate shipping regulations 
for radioactive material will be followed. If radioactive material is 
eliminated, the sample is considered to contain Poison "A" materials, the 
next material on the list. Poison "A" is defined by DOT as extremely 
dangerous poisonous gases or liquids of such a nature that a very small 
amount of gas, or vapor of the liquid, mixed with air, is dangerous to life. 
The class "A" poisons listed in 49 CFR 172.101 and their physical state at 
normal temperatures are presented in Table 14. 

If the classification of radioactive, Poison "A" flammable and 
nonflammable gas, which require more stringent shipping procedures, can be 
eliminated, then the sample may be classified as flammable liquid (or solid) 
and shipped accordingly. Other categories of lower priority than flammable 
liquids/solids are generally not considered for unknown samples, because 
eliminating substances as flammable liquids requires flashpoint testing, 
which is impractical and possibly dangerous if conducted at a site. 
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TABLE 13. DOT CLASSIFICATION FOR HAZARDOUS MATERIALS 

1. Radioactive Material I 
2. Poison "A" 
3. Flammable Gas 
4. NonFlammable Gas 
5. Flammable Liquid 
6. Oxidizer 
7. Flammable Solid 
8. Corrosive Material (liquid) 
9. Poison B 

10. Corrosive Material (liquid) 
11. Irritating Materials 
12. Combustible Liquid (in containers having capacity exceeding 110 gallons) 
13. ORM-B 
14. ORM-A 
15. Combustible Liquid (in containers having capacity of 100 gallons or less) 
16. ORM-E 
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TABLE 14. CLASS "A" POISONS AND THEIR PHYSICAL STATE 
AT ROOM TEMPERATURE 

Compound 

arsine 
bromoacetone 
chloropicrin & methyl chloride mixture 
chloropicrin & nonflammable, non-

liquified compressed gas mixture 
cyanogen chloride 

cyanogen gas 
gas identification set 
gelatin dynamite (H.E . Germaine) 
grenade (with poison "A" gas charge) 
hexaethyl tetraphosphate & compressed 

gas mixture 
hydroyanic acid (prussic solution) 
hydrocyanic acid, liquefied 
insecticide liquefied gas, containing 

poison "A" or poison "B" materials 
methyldichloroarsine 
nitric acid 
nitrogen peroxide 
nitrogen tetroxide 
nitrogen dioxide, liquid 
parathion & compressed gas mixture 
phosgene (diphosgene) 
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Physical State 

gas 
liquid 
gas 

gas 
gas at temperature greater 
than 13.1°c 
gas 

gas 
liquid 
gas 

gas 
liquid 
gas 
gas 
gas 
gas 
gas 
liquid 
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Additionally, unless the sample can be demonstrated to consist of material 
listed as being of a l ower priority than flammable liquid, the samples must 
be considered a flammable liquid (or solid) and shipped as such. 

Materials are classified by the DOT as radioactive materials if the 
specific activity is greater than 0.002 microcuries/gram. Most samples 
collected under the CERCLA Site Characterization Program CEARP will have 
specific activities less than this level; however, some samples could exceed 
these levels and would need to be transported as radioactive materials. 
Samples classified as radioactive will be packaged and shipped according to 
the DOT regulations for limited quantity radioactive materials as summarized 
below. 

o Packaging, Marking, Labeling, and Shipping Papers. Limited 
quantities of radioactive materials (materials whose activity per 
package does not exceed the limit specified in 49 CFR 173423) are 
excepted from the specification packaging, shipping paper and 
certification, marking, and labeling requirements if they meet the 
following requirements: (1) the materials are packaged in strong, 
tight, packages that will not leak any of the radioactive 
materials during conditions normally incident to transportation; 
(2) the radiation level at any point on the external surface of 
the package does not exceed 0.5 mrem/hr; (3) the nonfixed 
(removable) radioactive surface contamination on the external 
surface of the package does not exceed the limits specified in 49 
CFR 173.443(a); (4) the outside of the inner packaging or if there 
is no inner packaging, the outside of the packaging itself bears 
the marking RADIOACTIVE; (5) the package does not contain more 
than 15 grams of uranium-235; (6) the package is certified as 
being acceptable for transportation by having a notice encl osed in 
or on the package/packing list which bears the name of the 
consignor or consignee and the statement "This package conforms to 
the conditions and limitations specified in 49 CFR 173.421 for 
excepted radioactive materials, limited quantity, n.o.s. UN2910" 
or "This package conforms to the conditions and limitations 
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specified in manufactured from natural or depleted uranium or 
natural thorium, UN2909" (49 CFR 173.421). 

o Transportation. Limited quantity radioactive materials may be 
transported by common -carrier excluding aircraft. 

Samples classified as Poison "A" will be packaged and shipped according 
to the following procedures . 

o Packaging. Collect samples in a polyethylene or glass container 
with an outer diameter narrower than the valve hole on a DOT Spec . 
#3Al800 or #3AA1800 metal cylinder. Fill the sample container, 
allowing sufficient ullage (approximately 10% by volume) so it 

0 

will not be liquid-full at 130°F. Seal the sample container. 
Attach a properly completed identification tag to the sample 
container . With a string or flexible wire attached to the neck of . 
the sample container, lower the container into a metal cylinder 
that has been partially filled with noncombustible, absorbent, 
loose packaging material (vermiculite or diatomaceous earth). 
Allow sufficient absorbing material between the bottom and sides 
of the container and the metal cylinder to prevent breakage or 
absorb leakage. After the cylinder is filled with cushioning 
material, drop the ends of the string or wire into the cylinder 
valve hole. Only one sample may be placed in a metal cylinder. 
Replace the valve, torque to 250 ft/lb (for a 1 inch opening) and 
replace the valve protector on the metal cylinder using Teflon 
tape. One or more cylinders may be placed in a DOT approved 
outside container. 

Marking and Labeling . Use abbreviations only where specified. 
Place the following information either hand printed or in label 
form on the side of the cylinder or on a tag wired to the cylinder 
valve protector: "Poisonous Liquid, n.o.s." or "Poisonous Gas, 
n.o.s. NA9035," and laboratory name and address, and place the 
following DOT label on the cylinder: "Poisonous Gas" (even if the 
sample is liquid). If the metal cylinders are placed in an 
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outside container, both the container and cylinders inside must 
have the same markings and labels as above. In addition, 
"Laboratory Sample" and "Inside Packages Comply with Prescribed 
Specifications" should be marked on the top and/or front side of 
the outside container. "THIS SIDE UP" marking must be placed on 
the topside of the container, and upward pointing arrows on all 
four sides. 

Shipping Papers. Complete the bill of lading provided by the 
shipper and sign the certification statement with the fo l lowing 
information in the order listed. (If the carrier does not provide 
a certification statement, use a standard industry form. ) One 
form may be used for more than one exterior container. Use 
abbreviations only as specified. "Poisonous Liquid, n.o . s. 
NA9035, "Limited Quantity" or "Ltd. Qty.," net weight or net 
volume. The net weight or net volume must be placed just before 
or just after the "Poisonous Liquid, n.o.s." marking. A chain-of
custody record form should also be included in the conta i ner or 
with the cylinder. 

o Transportation. Poison "A" categorized packages may not be trans
ported by common carrier aircraft, cargo only aircraft, or charter 
aircraft. Samples may be shipped only by ground transport or gov
ernment owned aircraft. 

0 The shipping container should be accompanied to the transport car
rier and, if required, the outside container opened for freight 
inspection. Using the DOT "poisonous" classification does not 
convey the certain knowledge that a sample is in fact poisonous, 
or how poisonous, but is intended to describe the class of 
packaging in order to comply with regulations. 

Samples classified as flammable liquids or flammable solids will be 
packaged and shipped according to the following procedures. 
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o Packaging. Place samples in glass containers with nonmetallic , 
Teflon-lined screw caps. Allow sufficient ullage (approximately 
10% by volume) so that the container is not full of liquid at 
130°F. If an air space in the innermost container cannot be 
tolerated in order to maintain the integrity of the sample, place 
it within a second container to provide the required ullage. 
Attach a properly completed sample identification tag to the 
sample container. Seal the sample container closure and place it 
in 2-mil thick (or thicker) polyethylene bag, one sample per bag. 
The sample identification tag should be positioned so that it can 
be read through the bag. Place each sealed bag inside a separate 
metal can that is the appropriate size to contain noncombustible, 
absorbent, cushioning matter (e.g., vermiculite or diatomaceous 
earth) to prevent breakage or absorb leakage . Pressure close the 
can and use clips, tape, or other positive means to hold the lid 
securely , tightly, and effectively. Place one or more metal cans 
(or single I-gallon bottles), surrounded by noncombustible, 
absorbing packaging material for stability during transport, into 
a strong outside container, such as in a cooler or inside an 
approved fiberboard box. 

o Marking and Labeling . Use abbreviations only where specified. 
Place the following information on the metal can (or I gallon 
bottle) , either hand printed or in label form: laboratory name 
and address, "Flammable Liquid n.o.s UN1993" or "Flammable Solid 
n.o . s. UN1325" . Not otherwise specified (n.o.s) is not used if 
the flammable liquid or solid is identified. In these cases, the 
name of the specific material is used and listed before the 
category , for example, "Toluene-Flammable Liquid . " Place the 
following DOT labels on the outside of the can (or bottle): 
"Flammable Liquid" or "Flammable Solid". The "Dangerous When Wet" 
label must be used with the "Flammable Solid" label if the 
material meets the definition of~ water reactive material . The 
"Cargo Aircraft Only" label must be used if the net quantity of 
the sample in each package is greater than I quart (for "Flammable 
Liquid," n.o . s) or 25 lbs (for "Flammable Solid" n.o.s) . (49 CFR 
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172.402, 172.101). If the cans are placed in an exterior 
container, both that container and the inside can (or bottle) must 
have the same markings and labels as above. The words "This End 
Up" or "This Side Up" must be clearly printed on the top of the 
outer package. Upward pointing arrows should be placed on the 
sides of the package. The words, "Laboratory Samples," should 
also be printed on the top of the package. 

o Shipping Papers. Use abbreviations only where specified below. 

0 

Complete the bill of lading provided by the carrier and sign the 
certification statement with the following information in the 
order listed. (If the carrier does not provide it, use a standard 
industry form.) One form may be used for more than one exterior 
container. "Flammable Liquid n.o.s UN1993" or "Flammable Solid 
n.o.s. UN1325"; Limited Quantity (or Ltd. Qty); net weight or net 
volume (abbreviations of weight or volume are acceptable). 
Further descriptions such as "Laboratory Samples" or "Cargo 
Aircraft Only" (if applicable) are allowed if they do not 
contradict the required information. The net weight or net volume 
must be placed just before or just after the "Flammable Liquid 
n.o.s." or "Flammable Solid, n.o.s." description. A chain-of
custody record must be included in the exterior container. 

Transportation. Unknown hazardous substances classified as 
flammable liquids may be transported by rented or common carrier 
truck or bus, by railroad, or by cargo-only aircraft. Samples 
transported only by government-owned vehicles on government roads 
do not require a DOT bill of lading with a certification. 

o Other Considerations. Identifying samples as "flammable" does not 
necessarily mean that a sample is in fact flammable but is 
intended to prescribe the class of packaging in order to follow 
DOT regulations. Shipping containers should be accompanied to the 
transport carrier and, if required, the outside container (s) 
opened for inspection. For overnight shipments, weight 
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restrictions should be determined. Federal Express, for instance, 
is 70 lbs or less. 

7. SAMPLE PREPARATION AND ANALYSES 

Sample analyses of interest in site characterization activities can 
include various combinations of the following parameters and matrices. 

Parameters 

Inorganics 
Organics 
Radionuclides 
Explosives 

Matrices 

Air 
Water 
Soil 
Sediment 
Biologicals 

The EPA has approved analytical procedures for preparation of some 
inorganics, organics, and radionuclides in water, soil, and sediment. These 
are summarized in Tables 15 through 19. There are no EPA-approved 
analytical procedures for air and biological matrices (except for air 
monitoring methods for primary and hazardous air pollutants). Each SSMP 
Sampling Plan will specifically enumerate the analytical procedures to be 
used for samples from that site. These will be EPA-approved procedures when 
available and alternative procedures when not. The procedures to be used at 
the site will be reviewed by EPA as part of the SSMP . 

8. SAMPLE ARCHIVING AND DISPOSAL 

The need to archive samples will be made on a site-specific basis. 
Appropriate procedures will be specified in the SSMP. Following analysis of 
CERCLA Site Characterization samples, nonhazardous materials will be 
disposed of with regular laboratory waste. Hazardous and radioactive 
materials, as determined through analysis, will be appropriately contained 
or disposed of. 
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TABLE 15. INORGANICS 

Liguids1 Solids2 ' I 

Parameter Sample Prep Analysis Sample Prep Analysis 

Arsenic l)a3030/3040 1)7060 1)3050 1)7060 
1)6061 1)7061 1)7061 1)7061 
2) 303E 2)303E 
2)304 2)304 
3)c206.5 3)206.5 

I 3)206.3 3)206.3 
3)206.2 3)206.2 
3)206.4 3)~06.4 

4) 2972.848 
5)e3062.84 

Barium 1)3010 1)7080 1)3050 1)7080 
1)3030/3040 1)3030/3040 
1)3020 1)7081 1)3050 1)7081 
1)303/3040 1)3030/3040 
2)303C 2)303C 
2)304 2)304 
3)208.1 3)208.1 
3)208.2 3)208.2 

4)3654-84(A) 

Beryllium 1)3010/3020 1)7090 1)3050 1)7090 
1)7091 1)7091 

2)303C 2)303C 
2)304 2)304 
3)210.1 3)210.1 
3)210.2 . 3)210.1 

4)3654-84(A) 

Cadmium 1)3010 1) 7130 1)3050 1) 7130 
1)3030/3040 1)303/3040 
1)3020 1)7131 1)3050 1)7131 
1)3030/3040 1)3030/3040 
2)303A/3038 2)303A/3038 
2)304 2)304 
2)3108 2)3108 
3)213.1 3)213.1 
3)213.2 3)213.2 

4)03557-84 
(A or B) 

5)1-3135-84 
5)1-3136-84 

,.. ~ 0 
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TABLE 15. INORGANICS (Continued) 

Liguids1 Solids2 
Parameter Sample Prep Analysis Sample Prep Analysis 

Chromium 1)3010 1) 7190 3050 1)7190/7191 
1)3030/3040 1)3030/3040 
1)3020 1)7191 1)3050 1)7191 
1)3030/3040 1)3030/3040 

I 
2)303A 2)303A 
2)303B 2)303B 
2)304 2)304 
2)312B 2)312B 
3)218.1 2)218.1 
3)218 .3 3)218.3 
3)218.2 3)218.2 

I 
4)1687-84D 
4)1687-84A 
5)1-3236-84 

Chromium VI 1)7195 1) 7195 1) 7195 1)7195 
(Hexavalent) (7190/7191) (7190/7191) 

1) 7196 1) 7196 1)7196 1)7196 

I 1) 7197 1)7197 1) 7197 1) 7197 
2)303B 2)303B 
3)218.4 3)218.4 

5)1-1230-84 

Lead 1)3010 1)7420 1)3050 1)7420 
1)3030/3040 1)3030/3040 
1)3020 1)7421 1)3050 1)7421 
1)3030/3040 1)3030/3040 
2)303 A or B . 2)303 A or B 
2)304 2)304 
2)316 2)316 
3)239 . 1 3)239.1 
3)239.2 3)239.2 

4)03559-85 
(A or B) 

4)D3559-85C 
5)1-3399-84 
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TABLE 15. INORGANICS (Continued) 

Liguids1 Solids2 
Parameter Sample Prep Analysis Sample Prep Analysis 

Mercury 1)7470 1)7470 1)7471 1)7471 
2)303F 2)303F 
3)245 . 1 3)245.1 
3)245.2 3)245.2 

Molybdenum 2)303C 2)303C I 2)304 2)304 
3)246 . 1 3)246.1 
3)246.2 3)246.2 

5)1-3490-84 

Nickel 1)3010 1)7520 1)3050 1) 7520 I 1)3030/3040 1)3030/3040 
1)3020 1)7521 1)3050 1) 7521 
1)3030/3040 1)3030/3040 
2)303 A or B 2)303 A or B 
2)304 2)304 
2)3218 2)3218 

' 
3)249 . 1 3) 249 .. 1 
3)249.2 3)249.2 

4)01886-84 
(C or D) 

5)1-3499-84 

Selenium 1) 77 40 1) 7740 1) 7750 1) 7740 
1)3030/3040 

1)7741 1)7741 1)7741 1) 7741 
2)304 2)304 
2)303E 2)303E 

) 3)270.2 3)270.2 
3)270 .3 3)270.3 

4)D3859-84A 
5)1-3667-84 

Silver 1) 7760 1) 7760 1)3050 1) 7760 
1)3030/3040 

1)7761 1)7761 1)3050 1)7761 
1)3030/3040 

2)303 A or B 2)303 A or B 
2)304 2)304 
3)272.1 3)272 . 1 
3)272.2 3)272.2 

5)1-3720-84 

Titanium 2)303C 2)303C 
2)304 2)304 
3)283.1 3)283.1 
3)283.2 3)283.2 
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TABLE 15. INORGANICS (Continued) 

---~L_i_g~u ,~· d~s 1 ___ _ ---~S-o l~i~d~s2 __ _ 
Parameter Sample Prep Analysis Sample Prep Analysis 

Zinc . 1)3010 
1)3030/3040 
1)3020 
1)3030/3040 
2)303 A or B 
2)304 
2)328C 
3)289.1 
3)289.2 

1)7950 

1)7951 

2)303 A or B 
2)304 
2)328C 
3)289.1 
3)289.2 
4)01691-84 

(C orD) 
5)1-3900-84 

Table Identification Notes 

1)3050 
1)3030/3040 
1)3050 
1)3030/3040 

1. Liquid matrix includes groundwater, surface water, waste water, 
and liquid waste. 

I 2. Solid matrix includes soil, sediment, sludge, and solid waste . 

a. Test Methods for Evaluating Solid Waste (EPA SW-846). 

1)7950 

1)7951 

b. Standard Methods for the Examination of Water and Wastewater (16th Edition, 
publisher, place 1985). 

c . Methods for Chemical Analysis of Water and Wastes (EPA 600/4-79-020). 

d. Annual Book of Standards, Section II Water (American Society for Testing 
and Materials). 

e. Methods for Determination of Inorganic Substances in Water and Fluvial 
Sediments (U.S. Department of Interior, U.S. Geological Survey - Open File 
Report 84-495 1986). 

*Note: References b, c, d, and e are from the Federal Register, Vol. 51, No. 
125, Part IV, Environmental Protection Agency - "Guidelines Establishing Test 
Procedures for the Analysis of Pollutants Under the Clean Water Act"; Technical 
Amendments and Notice of Availability of Information - 40 CFR Part 136. 
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TABLE 16. ORGANICS 

Liguids 1 . Sol ids2 
Parameters Sample Prep Analysis Sample Prep Analysis I 

·organochlorine 
Pesticides 

Chlordane l)a3510/3520 1)8080 1)3540/3550 1)8080 
1)3510/3530/ 1)8250 I 2)b509A 

3540/3550 
2)509A 
3)~608/625 
4) D3068 

Dieldrin 1)3510/3520 1)8080 1)3540/3550 1)8080 
1)3510/3530/ 1)8250 

3540/3550 
2)509A 2)509A 

3)608/625 

.Endri n 1)3510/3520 1)8080 1)3540/3550 1)8080 
1)3510/3530/ 1)8250 

I 3540/3550 
2)509A 2)509A 

3)608/625 
4)•3086 

4,4-DDT 1)3510/3520 1)8080 1)3540/3550 1)8080 
1)3510/3530/ 1)8250 

3540/3550 
2)509A 2)509A 

3)608/625 
4)•3086 

Heptachlor 1)3510/3520 1)8080 1)3540/3550 1)8080 
1)3510/3530/ 1 )8250 

3540/3550 
2)509A 2)509A 

3)608/625 
4)•3086 

Lindane 2)509A 

Toxaphene 1)3510/3520 1)8080 1)3540/3550 1)8080 
1)3510/3530/ 1)8250 

3540/3550 
2)509A 2)509A 

3)608/625 
4)•3086 

PCBs 1)3510/3520 1)8080 1)3540/3550 1)8080 
1)3510/3530/ 1)8250 

3540/3550 
3)608/625 
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TABLE 16. ORGANICS (Continued) 

Liguids 1 Solids2 
Parameters Sample Prep Analysis Sample Prep Analysis 

Chlorinated Herbicides 

2,4-D 1)8150 1)8150 1)8150 1)8150 
2)509B 2)509B 

2,4 , 5-T 1)8150 1)8150 1)8150 1)8150 
2)509B 2)509B 

Non-Pesticide Organic 
Chemicals 

Acrylonitrile 1)5020/5030 1)8030 1)5020/5030 1)8030 
3)603 

Benzene 1)5020/5030 1)8020 1)5020/5030 1)8020 
1)5030 1)8240 1)5020/5030 1)8240 

3)602/624 

Bromomethane 1)5030 1)8010 1)5020/5030 1)8010 
(methyl bromide) 3)601/624 

Carbon tetrachloride 1)5030 1 )8010 1)5020/5030 1) 8010 
1)5030 1)8240 1)5020/5030 1)8240 

3)601/624 

Chlorobenzene 1)5030 1)8010 1)5020/5030 1)8010 
1)5020/5030 1)8020 1)5020/5030 1)8020 
1)5030 1)8240 1)5020/5030 1)8240 

3)601/602/624 

Chloroform 1)5030 1)8010 1)5020/5030 1)8010 
1)5030 1)8240 1)5020/5030 1)8240 

3)601/624 

1, 2-dichlorobenzene 1)5030 1)8010 1)5020/5030 1)8010 
1)5020/5030 1)8020 1)5020/5030 1)8020 
1)5030 1)8240 1)5020/5030 1)8240 
1)3530 1)8250 1)3510/3530/ 1)8250 

3540/3550 
3)601/602/612 

1,3-dichlorobenzene 1)5030 1)8010 1)5020/5030 1)8010 
1)5020/5030 1)8020 1)5020/5030 1)8020 
1)5030 1)8240 1)5020/5030 1)8240 
1)3530 1)8250 1)3510/3530/ 1)8250 

· 3540/3550 
3)601/602/612 
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TABLE 16. ORGANICS (Continued) 

Liguids 1 Solids2 
Parameters Sample Prep Analysis Sample Prep Analysis 

1-4-dichlorobenzene 1)5030 1)8010 1)5020/5030 1)8010 
1)5020/5030 1)8020 1)5020/5030 1)8020 
1)5030 1)8240 1)5020/5030 1)8240 
1)3530 1)8250 1)3510/3530/ 1)8250 

3540/3550 
3)601/602/612 

Dichlorodifluoromethane 1)5030 1)8010 1)5020/5030 1)8010 
1)5030 1)8240 1)5020/5030 1)8240 

3)601 

Hexachlorobenzene 1)3510/3520 1)8120 1)1)3540/3550 1)8120 
1)3530 1)8250 1)3510/3530/ 1)8250 

3540/3550 
3)612-625 

Hexachlorobutadine 1)3530 1)8250 1)3510/3530/ 1)8250 
3540/3550 

3)612/625 I 
Methylene chloride 1)5030 1)8240 1)5020/5030 1)8240 

3)601/624 

Methyl ethyl ketone 1)5030 1)8015 1)5020/5030 1)8015 

Naphthalene 1)3510/3520 1)8100 1)3540/3500 1)8100 
1)3530 1)8250 1)3510/3530/ 1)8250 

3540/3550 
1)8310 1)8310 1)8310 1)8310 

3)610/625 

Nitrobenzene 1)3510/3520 1)8090 1)3540/3550 1)8090 
1)3530 1)8250 1)3510/3530/ 1)8250 

3540/3550 
3)609/625 

Perchloroethylene 1)5030 1)8010 1)5020/5030 1)8010 

Toluene 1)5030 1)8020 1)5020/5030 1)8020 
1)5030 1)8240 1)5020/5030 1)8240 

3)602/624 

Phenol 1)3510/3520 1)8040 1)3540/3550 1)8040 
1)3530 1)8250 1)3510/3530/ 1)8250 

3540/3550 
3)604/625 
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Parameters 

1, 2,4-trichlorobenzene 

1, 1,1-trichloroethane 

1, 1,2-trichloroethane 

Trichloroethylene 

Trichlorofluoromethane 

2,4,6-trichlorophenol 

Vi nyl chloride 

Xylenes 

TABLE 16 . ORGANICS (Continued) 

Liguids 1 ___ _ 
Sample Prep Analysis 

1)3510/3520 
1)3530 

1)5030 
1)5030 

1)5030 
1)5030 

1)5030 

1)5030 
1)5030 

1)3510/3520 

1)5030 
1)5030 

1)5030 

1)8120 
1)8250 

3)612/625 

1)8010 
1)8240 
3)601/624 

1)8010 
1)8240 
3)601/624 

1)8010 
3)601/624 

1)8010 
1)8240 
3-)601/624 

1)8040 
3)604/625 

1)8010 
1)8240 
3)601/624 

1)8020 

--------'S"""o'-'-1-'-'i d==s2 __ _ 
Sample Prep Analysis 

1)3540/3550 
1)3510/3530/ 

3540/3550 

1)5020/5030 
1)5020/5030 

1)5020/5030 
1)5020/5030 

1)5020/5030 

1)5020/5030 
1)5020/5030 

1)3540/3550 

1)5020/5030 
1)5020/5030 

1)5020/5030 

1)8120 
1)8250 

1)8010 
1)8240 

1)8010 
1)8240 

1)8010 

1)8010 
1)8240 

1)8010 
1)8240 

1)8020 

1. Liquid matrix includes groundwater, surface water, waste water, and liquid waste. 

2. Solid matrix includes soil, sediment, sludge, and solid waste. 

a. Test Methods for Evaluating Solid Waste : Physical/Chemical Methods (EPA SW-846, 
Revised edition 1984). 

b. Standard Methods for the Examination of Water and Wastewater (16th Edition, 
American Public Health Association, Washington , D.C., 1985). 

c . "EPA Approved Test Procedures for Pesticides and Non-Pesticides Organic 
Compounds," Federal Register 49. No. 209/Guidelines Establishing Test Procedures 
for the Analysis of Pollutants Under the Clean Water Act; 40 CFR Part 136 (October 
1984). 

d. Annual Book of Standards , Part 31 Water, American Society for Testing and 
Materials, 1980. 
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TABLE 17. MISCELLANEOUS ANALYSIS 

Liguids1 Solids2 
Parameter Sample Prep Analysis Sample Prep Analysis 

Boron 2)b404A 2)404A 
3)c212.3 
4)d01246-82C 
5)el-1125-84 

Cyanide l)a9010 1)9010 1)9010 9)9010 
(total) 2)4128 2)4128 

2)412C 2)412C 
2)4120 2)4120 
3)335.2 3)335.2 
~)335.2 3)335.3 

4)02036-82A 
5)1-3300-84 

Cyanide 1)9010 1)9010 1)9010 1)9010 
(amendable) 2)412F 2)412F 

3)335.1 3)335.1 
4)02036-828 

Fluoride 2)413A 2)413A 
2)4138 2)4138 
2)413C 2)413C 

2)413E 
3)340.2 
3)340.1 
3)340.3 
4)01179-80(A) 
4)01179-80(8) 
5)1-4327-84 

Iodide 3)345.1 3)345.1 
2)414 2)414 
2)414A 2)414A 
2)4148 2)4148 

Nitrate 3)352.1 3)352.1 
(as N) 4 )D992-71 

Nitrate 2)418C 2)418C 
(as N) 2)418F 

3)353.3 . 
3)353.2 
3)353.1 
4)03867-85(8) 
4)03867-85 (A) 
5)1-4545-84 
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TABLE 17. MISCELLANEOUS ANALYSIS (Continued) 

Liguids1 Solids2 
Parameter Sample Prep Analysis Sample Prep Analysis 

· Qi l and Grease 2)503A 
3)413.1 

Total Organic Carbon 2)505 
(TOC) 3)415.1 

4)02579-85 (A or B) 

Total Organic Halides 1)9020 1)9020 
(TOX) 

Total Disolved 2)2098 
Solids 3)160.1 
(TDS) 

Trace Elements 1)3020 1)3020 1)3020 1)3020 

Table Identification Notes 

1. Liquid matrix includes groundwater, surface water, waste water, and liquid waste. 

2. Solid matrix includes soil, sediment, sludge, and solid waste. 

a. Test Methods for Evaluating Solid Waste (EPA SW-846) . 

b. Standard Methods for the Examination of .Water and Wastewater (16th Edition, 
publisher, place 1985). 

c . Methods for Chemical Analysis of Water and Wastes (EPA 600/4-79-020). 

d. Annual Book of Standards, Section II Water (American Society for Testing and 
Materials). 

e . Methods for Determination of Inorganic Substances in Water and Fluvial Sediments 
(U.S. Department of Interior, U.S. Geological Survey - Open File Report 84-495 
1986). 

*Note: References b, c, d, and e are from the Federal Register, Vol. 51, No. 125, 
Part IV, Environmental Protection Agency - "Guidelines Establishing Test Procedures 
for the Analysis of Pollutants Under the Clean Water Act", Technical Amendments and 
Notice of Availability of Information - 40 CFR Part 136. 
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Parareter 

Ignitabil ity 

Corrosivity 

Reactivity 

EP Toxicity 
(Extraction Procedure) 

Arsenic 

Bariun 

cadniun 

Total Chraniun 

Hexavalent Chraniun 

Lead 

Seleniun 

Silver 

Endrin (1,2,3,4,10, 10-
Hexach l oro-1 7-epo~-
1, 4, 4a, 5, 6, 7, 8,8a 
octahydro-1, 4-enclo, 
endo-5,8-dirrethanonaph
thalene) 

Lindane (1,2,3,4,5,6-
Hexach l orocyc l ohexane, 
ganna isarer) 

ft'etho~chlor (l,1,1-
trichloro-2,2-bis 
(p-rrethoxyphenyl)ethane) 

TABLE 18. RCRA OAAlCTERISTIC NW.YSES 

___ -=-:li=gu::..:..id=s1 ___ ---,,-------"So'-"-l'-'-id=s2 ___ _ 
Sarple Prep Analysis Sarrple Prep Analysis 

1310 

7060, 7061 

1cm, 1001 

7130, 7131 

7190, 7191 

7195, 7196 
7197 

7420, 7421 

7740, 7741 

7760, 7761 

a:m 

l)ro40 
1)9041 

1310 

G-7C 

1310 

1010 
1010 
Sec. 2.1.1 

1110 
Sec. 2.1.2 

fts defined 
in Sec . 2.1.3 

1310 
See 2. 1.4 

7060, 7061 

1cm, 1001 

7130, 7131 

7190, 7191 

7195, 7196 
7197 

7420, 7421 

7740, 7741 

7760, 7761 
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TABLE 18. RCAA OiA.RA.CTERISTIC .AtW..YSES (Continued) 

Parareter 

Toxaphene (C1Cl-110Cl8, 
Technical -chlorinated 
call)hene, 67-69'/4 chlorine) 

2,4-D (2,4-Dichloropheno
'<,'acetic acid) 

2,4,4-TP (Silvex) (2,4,5-
Trichloropheno'<}'Propionic 
acid) 

___ ___,L::...:.i=gu::..:..id=s1 _______ ..:::So=l~id=s2-,--=---
Sarrple Prep Analysis Sarll)le Prep Analysis 

8150 8150 

8150 8150 

8150 8150 

1LiCJ,Jid matrix includes grourrl,,later, surface water, waste water, and liquid waste. 

2Solid matrix incllx:les soil, sedirrents, sludge, and solid waste. 
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Parameter 

Gross Alpha 

Gross Beta 

TABLE 19. RADIONUCLIDE METHODS 

___ _..L~i ..... au-i ..... d~s 1 __ _ 
Sample 
Prep Analysis 

4)703 
5)900.0 

4)703 
5)900.0 
5)Appendix B 

4)703 
5)900.00 
5)Appendix B 

----=S-=-o..__l ,""'· d=s 2 __ 
Sample 

Prep Analysis 

4)703 4)703 

4)703 4)703 

Table Identification Notes 

----=-B ...... i o"-'t=a3 __ 
Sample 

Prep Analysis 

4)703 4)703 

4)703 4)703 

1. Liquid matrix includes groundwater, surface water, waste water, and liquid waste. 

2. Solid matrix inlcudes soil, sediment, sludge, and solid waste. 

3. Biota matrix includes foodstuffs, vegetation, and fauna. 

a. Standard Methods for the Examination of Water and Wastewater (EPA SW-846, revised 
edition, U.S. Environmental Protection Agency, 1984). 

b. Prescribed Procedures for Measurement of Radioactivity in Drinking Water (EPA-600/4-
60-32, update, U.S. Environmental Protection Agency, August 1980). 
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GENERIC HEALTH AND SAFETY PLAN 

1.0 INTRODUCTION 

The following Health and Safety Plan discusses the generic guidelines and 
procedures that will be employed during the CERCLA site characterization 
activities to protect the health and safety of personnel involved in the 

' 
CERCLA field investigations. This plan establishes the generic safety 
policy, sets general safety standards, identifies personnel training 
requirements for CERCLA field investigations, and provides the framework for 
the more site spec~fic safety requirements to be employed during the 
Remedial Investigation/Feasibility Study (RI/FS ). The site specific RI/FS 
Health and Safety Plan will include as a minimum the following additional 
elements: 

o identification of physical, chemical, radiological and biological 
hazards including a listing of known and possible contaminants; 

o a preliminary evaluation of risk to personnel from physical, 
chemical, and biological hazards at the site; 

o the methodology for continued assessment of the hazards during site 
characterization activities; 

o identification of the personal protective equipment levels for 
personnel to be used at the site for various activities and in 
various areas; 

o a complete description of ambient and personal monitoring 
requirements for the site; 

o identification of other hazard control measures, as appropriate; 

o identification of a Site Safety and · Health Coordinator (SSHC) for the 
site investigations; 

o establishment of the acquirements for other health and safety support 
personnel (safety engineer, industrial hygienist, and health 
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,--------------- - - - - - ----- --- - - -- -

physicist) needed for field investigation activities; and 

o a specific emergency response plan including individuals and 
department responsibilities, emergency telephone numbers, emergency 
decontamination procedures, and location of emergency treatment 
facilities. 

2.0 POLICY AND STANDARDS 

The Department of Energy has the responsibility for the health, safety, and 
environmental protection programs at DOE-owned, contractor-operated 
facilities. It is the policy of DOE to assure that DOE operations are 
conducted in a manner that will (1) limit the risks to the health and safety 
of the public and employees, and (2) adequately protect property and the 
environment (DOE Order 5481.lA). This policy is implemented through the 
development of contractor health and safety programs and the systematic 
review of operations and facilities. 

The environmental protection, safety and health protection requirements 
applicable to all DOE operations are set forth in DOE orders. In addition, 
the DOE and its contractors must also comply with other applicable federal, 
state, and local standards. This plan is based on the following DOE orders 
and federal regulations: 

o DOE Order 3790.lA, "Federal Employee Occupational Safety and Health 
Program for Federal Employees." 

o DOE Order 5000.3, "Unusual Occurrence Reporting System." 

o DOE Order 5480.18, "Environmental Protection, Safety, and Health 
Protection Standards." 

o DOE Order 5480.18, Chapter XII, "Prevention, Control, and Abatement 
of Environmental Pollution" (including Executive Order 12088 of 
October 13, 1978) 

o DOE Order 5480.2, "Hazardous and Radioactive Mixed Waste Management." 
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· o DOE Order 5480.3, Safety Requirements for the Packaging and 
-Transportation of Hazardous Materials, Hazardous Substances, and 
Hazardous Wastes". 

o DOE Order 5480.4, Environmental Protection Safety and Health 
Protection Standards". 

0 DOE Order 5480.10, "Contractor Industrial Hygiene Program" . 

0 DOE Order 5481.lA, "Safety Analysis and Review System". 

0 DOE Order 5482.lA, "Environmental, Safety, and Health Protection 
Appraisal Program" . 

0 DOE Order 5483.lA, "Occupational Safety and Health Program for 
Government-Owned Contractor-Operated Facilities". 

o DOE Order 5484.1, "Environmental Protection, Safety, and Health 
Protection Information Reporting Requirements." 

o DOE Order 5500.2, "Emergency Planning Preparedness, and Response for 
Operation". 

o DOE Order 5500.3, "Reactor and Nonreactor Nuclear Facility Emergency 
Planning, Preparedness, and Response Program for DOE Operations. 

o DOE Order 5500.4, "Public Affairs Policy and Planning Requirements 
for Emergencies. 

o 40 CFR 300, "National Oil and Hazardous Substances Pollution 
Contingency Plans" 

o 49 CFR 172-174, "DOT Transportation of Hazardous Materials . 

The DOE has also adopted, as a matter of policy, the health and safety 
standards of the American Conference of Government Industrial Hygienists 
(ACGIH), the American National Standards Institute (ANSI), and the 
Occupational Safety and Health Administration (OSHA). All personnel involved 
in the CERCLA field investigations will comply with the prescribed standards 
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and keep occupational and public exposures to hazardous materials as low as 
reasonably achievable. 

3.0 HEALTH AND SAFETY RESPONSIBILITIES 

This section will need to include a discussion of the responsible 
organizations involved in the CERCLA field investigations projects. Included 
in this section (once the contractor is identified) should be the 
identification of the responsible Project Office or installation project 
leader and the assignment of a Site Safety and Health Coordinator (SSHC) for 
each CERCLA site. The following outlines some of the responsibilities that 
the SSHC will have: 

o Monitoring hazards to determine the degree of hazard present; 

o Implementing the personnel protection requirements specified in the 
site specific RI/FS Health and Safety Plan, including ensuring that 
appropriate clothing and equipment are available, maintained, and 
used; 

o Monitoring the performance of all personnel to ensure that the 
required safety and decontamination procedures are followed; 

o Notifying emergency authorities as appropriate; 

o Ensuring that all CERCLA personnel have been trained for any 
nonroutine (e.g. emergency) site activities; and 

o Ensuring that all subcontractor personnel (if any) have been trained 
in proper site safety procedures, including the use of personal 
protective equipment. 
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4.0 RISK ASSESSMENT AND PERSONNEL PROTECTION REQUIREMENTS 

4.1 IDENTIFICATION OF HAZARDS AND EVALUATION OF RISK 

This section provides guidance for (1) identification of physical, chemical, 
radiological and biological hazards, and (2) evaluation of the health and 
safety risks. Personnel protection requirements, general policies, and 
mitigation measures will be determined and implemented based on the 
preliminary risk assessment. Continual feedback on hazards and risks will be 
provided throughout the entire field investigation process and used to 
update the personnel protection requirements as necessary. 

The hazard assessment will be based on all available information, including 
disposal logs and records, engineering drawings, site reconnaissance, 
current monitoring data, employee interviews, and any other available 
information for the site . Hazards to be identified and evaluated are 
described in the following sections . . 

4.1.1 Physical Hazards 

Physical hazards at the sites will be evaluated and appropriate precautions 
taken prior to site entry. Some of the potential physical hazards that may 
be encountered include: (1) flammable/explosive materials or fire; (2) 
noise; (3) heat; (4) cold; (5) mechanical equipment; (6) projectiles created 
by operational activities; (7) electrical lines; (8) unsafe structure; (9) 
tanks; (10) pits, trenches or steep banks/cliffs; and/or (11) surface 
impoundments. Physical hazards will be identified and controlled to the 
extent possible prior to commencement of the field investigation. 

4.1.2 Chemical Hazards 

Chemical hazards at the sites will be identified and evaluated prior to site 
entry so that appropriate protective equipment can be used to minimize 
exposures. Some of the potential chemical hazards that may be encountered at 
the sites include: inhalation, ingestion, or skin absorption of toxic 
materials; contact with corrosive materials; and/or unsafe environments 
created by reactive materials. 

H-5 



4.l.3 Radiological Hazards 

Radiologica l hazards at the sites will be identified and evaluated prior to 
site entry so that appropriate precautions may be taken to minimize 
exposures. 

4.1.4 Biological Hazards 

Biological hazards at the sites will be identified and evaluated pr ior to 
site entry so that appropriate precautions may be taken to minimize contact . 
Some of the potential biological hazards that may be encountered at the 
sites include: snakes; spiders; scorpions; and worker exhaustion (i .e. 
fatigue and heat stress). 

4.2 PERSONNEL PROTECTION REQUIREMENTS 

4.2.1 Protection Levels and Protective Clothing 

The U.S. Environmental Protection Agency (EPA) has established four levels 
of protection for personnel entering potentially hazardous sites. Table 1 
contains a description of sample protective ensembles inc luding identifying 
the level of protect ion, equipment, protection provided , when this level of 
equipment should be used and the limiting criteria. 

In addition to the requirements summarized in Table 1, the following 
requirements should also be considered: 

o Radioactive Anti-Contamination Clothing -- Special clothing to 
prevent radioactive contamination in radiation areas is available at 
all Hanford installations. The type of clothing to be worn depends on 
the nature and degree of contamination in the area and the work to be 
performed . Clothing varies from smocks and coveralls to fully
encapsulating suits . Clothing requirements are spec i fied on a site
specific basis. 
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INSERT TABLE 1 (Continued) HERE 
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o Hard Hats -- Hard hats may be required for some work operations and 
may be worn with any level of protective clothing. 

o Safety Shoes - - Steeled-toed safety shoes/boots may be required for 
many field ~ctivities. They may be worn with any level of protective 
clothing. 

o Hearing Protection -- Ear muffs or ear plugs may be required when 
operating in areas with high noise levels. Care should be taken to 
ensure that hearing protection devices do not interfere with the 
ability to hear and respond to emergency warning signals . 

The site specific .RI/FS will define zones of contamination and identify 
which levels of protection will be required for each zone . All personnel 
entering a zone will be required to wear the attire designated for that 
zone. In all cases in which a self-contained breathing apparatus is 
required, at least three persons will be suited out for entry (two for entry 
and one back-up/rescue). 

4.2.2 Protective Equipment 

A variety of safety equipment may be used to protect personnel from safety 
hazards and minimize exposures to hazardous chemical and radionuclides 
during the CERCLA field investigations. In areas with potentially hazardous 
environments, ambient, personal, and portable monitors, meters, and alarms 
will be used to monitor exposures and measure air concentrations of 
contaminants, explosive materials, and oxygen as appropriate. Instruments 
will be selected for maximum reliability, sensitivity , selectivity, and 
safety in the field. Although specific safety monitoring equipment needs 
will be identified in the site specific RI/FS Health and Safety Plan, the 
following is a generic listing of some of the safety equipment which might 
be used : 

o Portable Oxygen indicator- - A portable oxygen indicator is used to 
measure the ambient oxygen concentrations in confined spaces or areas 
with high concentrations of combustible gases . The most useful 
indicators are those that measure from Oto 25 percent oxygen. Oxygen 
indicators should be corrected for the elevation of the site. 
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o Combustible gas indicator- - A combustible gas indicator (CGI ) is used 
to measure the concentrations of flammable vapors and gases . The 
indicator usual ly shows the concentrations in terms of the percent of 
the lower explosives limit (LEL) of the calibration gas. The LEL 
represents the lowest concentration (by volume) in air that can 
explode, ignite , or burn when there is an ignition source . The oxygen 
concentration may effect the the accuracy of the CGI . A meter may be 
combined with an oxygen indicator. 

o Photoionization and flame ionization detection meters-
Photoionization and flame ionization (organic vapor analyzer (OVA)) 
detection meters can be used to indicate the approximate air 
concentration of many organic vapors. The response of the in struments 
depends on what gases have been used in calibration. In general, the 
instruments are more sensitive to complex organic compounds t han to 
simple ones. 

o Direct-reading colorimetric indicator tubes-- Colorimetric i ndicator 
tubes may be used to quickly measure the approximate concentr ation of 
a vapor or gas. The tubes are made of glass and packed with an 
indicator (reactive) chemical. Different tubes are needed for 
different gases. A specified amount of air is drawn through the tube 
to give an approximation of the concentration. 

o High - and low-volume air samplers-- Various types of high and low 
volume air samplers are available to measure ambient and personal 
breathing zones concentrations of particulates, vapors, and gases . 
Particulates can be separated into size categories by using different 
filter sizes or impactor type collectors. 

o Radiation survey meters-- A variety of radiation survey meters are 
available for measuring alpha particles, beta part i cles , gamma rays, 
and x-rays. Instruments include ion detection tubes, proportional 
counters, Geiger-Mueller (GM) counters, and scint i llation counters. 

o Thermoluminescent dosimeters (TLDs)-- TLDs are used to measure 
absorbed ioniz i ng radiation. They can be worn both for ambient 
monitoring and personnel dosimetry . 
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Other safety equipment will be available and used as needed. Safety devices 
such as safety harnesses/belts/lines and safety ladders/cherrypickers will 
be used as appropriate to provide safe access and protect workers from 
falls. Cooling vests and warming equipment can be used as appropriate to 
minimize stress from climatic conditions. Emergency equipment (fire 
extinguishers, first aid kits, blankets, showers, and eye wash stations) 
will also be available for imme~iate response and emergency treatment. 
Emergency equipment will be clearly marked and the locations detailed on the 
site specific RI/FS Health and Safety Plan maps. 

Fire extinguishers are classified by the type of combustible material they 
are designed for: 

o Class A--Ordinary combustible materials (wood,paper, 
textiles); 

o Class B-- Flammable liquids (oils, grease, paints); 

o Class C-- Electrical Fires; 

o Class D-- Metals capable of rapid oxidation (magnesium, 
sodium, zinc, aluminum, uranium, zirconium). 

Many fire extinguishers are multipurpose types (A, B, C, and D) so that they 
can be used on mixed fires or fires of unknown composition. 

4.2.3 General Safety Practices and Mitigation Measures 

Some hazards can be minimized through the implementation of specific 
procedures, use of special equipment, training of personnel, or availability 
of emergency response equipment in the event of an accident. The following 
general requirements must be observed during all CERCLA field 
investigations: 

o Eating, drinking, smoking, chewing gum or tobacco, and putting on 
make-up is prohibited in any area designated as contaminated. The 
hands and face must be washed upon leaving a contaminated area and 
before eating, drinking, smoking, chewing gum or tobacco, or putting 
on make-up. 
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o Decontamination procedures should be planned before site entry, 
practiced as close to the contaminated areas as_ possible, and 
followed by personnel showering as soon as possible. 

o Facial hair that interferes with the mask-to-face seal on 
respirators is not allowed on personnel entering respiratory 
protection areas. 

o Contact with contaminants should be minimized as far as can be 
reasonably achieved. Unnecessary personnel should not enter 
contaminated areas, and personnel in contaminated areas should avoid 
unnecessary contact with contaminated surfaces . 

In addition the following general policies will be incorporated into the 
specialized practices and mitigation measures identified and implemented in 
the site specific RI/FS Health and Safety Plan. 

o Flammable Materials and Fire - - A fire and explosion prevention and 
control program will be established at sites with f l ammable and 
reactive materials. Good housekeeping practices and proper storage of 
flammable and combustible materials shall be required. In t he event 
of a fire, personnel shall evacuate the area and contact the fire 
department immediately. Fire extinguishes will be available for 
control of small fires by personnel with fire safety traini ng. 

o Explosivity - - Continuous, ground, waist, and head level combustible 
gas (explosivity) readings shall be obtained in confined areas, or 
where explosive gases and/or vapors are suspected. If readi ngs 
approach or exceed 10 percent of the lower explosive limit (LEL), 
extreme caution will be exercised in continuing the investi gation. If 
readings approach or exceed 25 percent of the LEL, all personnel will 
be withdrawn from the site immediately. Before resuming any onsite 
activities, project personnel should consult with fire protection 
experts and/or the local fire department and then develop explosion 
prevention procedures for safely conducting site work . 

o Oxygen Deficiency -- Confined spaces will be monitored for oxygen 
deficiency. Oxygen deficiency readings should be taken at ground, 
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waist, and head levels . Any area with an oxygen level of less than 
-19 . 5 percent oxygen requires the use of a self-contained breathing 
apparatus. Under no circumstances should an air purifying respirator 
be ·used for confined space or oxygen-deficient atmosphere entry or 
work . Because explosivity meters will not function properly in 
oxygen -deficient environments, areas with oxygen-deficient 
atmospheres should be treated as potentially explosive. 

o Chemical Hazards -- When working in an environment with the potential 
for organic chemical vapors, vapor concentrations shall be monitored 
using a photoionization or flame ionization detection instrument. No 
respiratory protection equipment is necessary if the chemical 
constituents are known and the concentrations do not exceed the 
Threshold Limit Values (TLVs). Air-purifying respirators may be worn 
when total vapor concentrations do not exceed 5 ppm for a 5 minute 
Time Weighted Average (TWA) period. If total vapors exceed 5 ppm, a 
self-contained breathing apparatus must be worn. If atmospheric 
concentrations exceed 500 ppm for total vapors, the site will be 
evacuated and appropriate health and safety personnel contacted to 
determine additional personnel protective equipment (Level A) or 
safety precautions required for continued site work. Areas in which 
high levels of vapors are encountered should be avoided if possible. 

o Radiation -- Radioactive monitoring is conducted at most sites 
located at Hanford . However , additional monitoring will be conducted 
as required. If radiations levels approach 10 .0 mR/hr, a detailed 
radiological site survey will be conducted. If radiation levels are 
greater than 10.0 mR/hr, the assistance of a health physicist will be 
obtained prior to site entry. Radioactivity levels up to 10 mR/hr are 
acceptable for periods of short duration. 

Because resuspension of radioactively contaminated soil can also 
result in radiation exposures and inhalation of radioactive 
particles, air monitoring will conducted during activities involving 
the disturbance of contaminated soil, and respiratory protection 
equipment will be used as appropriate . 
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Radiation exposures will be monitored through the use of 
thermoluminescent dosimeters (TLDs), other personal radiation 
dosimeters, radiation survey meters, and air monitoring. Radiation 
exposures will always be kept as low as reasonably achievable. 

Administrative limits will be used to ensure that employees do not 
receive occupational exposures that exceed the quarterly or annual 
limits specified in DOE Order 5480.lB, Chapter XI (which will be 
replaced by DOE Order 5480.11). If administrative limits or standards 
are exceeded, employees exposed to the elevated levels of radiation 
shall be placed on work restriction until the end of the period of 
concern. Employees under the age of eighteen shall neither be 
employed in~ nor allowed to enter, controlled areas where they may 
receive radiation exposures above background levels. 

o Noise -- DOE Prescribed Standard AF 161-35 identified the Threshold 
Limit Value (TLV) for personnel exposure to noise. Hearing protection 
equipment and noise suppression devices will be mandatory for levels 
above the TLV and encouraged for levels approaching the TLV. Hearing 
protection shall not interfere wit~ rapid, clear communication. 
Special equipment (i.e. sound powered muffs/radios) may be required. 

o Physical Hazards -- Activities such as excavations, trenching, and 
shoring, and use of signs, signals barricades, motor vehicles, and 
mechanized equipment will be conducted in accordance with accepted 
requirements. 

4.3 SITE ACCESS CONTROL 

4.3.1 Restricted Access Zones 

Control zones will be established at contaminated sites to protect employees 
and the general public from unnecessary exposure to toxic materials and/or 
radiation, and to prevent the spread of contamination. The control 
(exclusion) zones will be designated based on the nature, magn i tude, and 
extent of contamination, and the potential for contaminant migration. 
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Different exclusion zones with different protective requirement may be 
established for a single site. Decontamination may be required for 
personnel, equipment, and vehicles moving from one zone to another. 

Surrounding the exclusion zones is the contamination reduction zone in which 
a corridor will be established for final decontamination activities. The 
size of the contamination reduction corridor will depend on the number 
stations required for decontamination activities. 

Additional control zones may also be established for safety considerations 
other than contamination, including hard hat, eye protection, and ear 
protection zones. 

In areas of high contamination or other unusual circumstances, exit from an 
exclusion zone will normally only be allowed through an access control 
station manned by personnel specifically trained to conduct contamination 
monitoring. All personnel and equipment leaving the restricted work site or 
having been in contact with potentially contaminated materials will be 
monitored and decontaminated if necessary. 

Exclusion zones will be posted with the exclusion criteria, 
requirements, contact person, and other relevant information in 
with applicable DOE orders and the site specific RI/FS Health 
Plan. 

4.3.2 Decontamination 

protection 
accordance 

and Safety 

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 also 
be necessary to prevent personnel exposure and migration of contaminants. 
Decontamination procedures will be developed as part of the site specific 
RI/FS Health and Safety Plan and implemented prior to initial site entry 
and used throughout site operations. Modifications to the decontamination 
procedures will be adopted as appropriate. 

The following general guidelines will be used for development of specific 
decontamination procedures: 

H-15 



o The l evel of decontamination required will depend on the nature and 
magnitude of contamination, and the type of protective cl oth i ng worn . 

o •~contamination stations will be set up to reduce contaminat ion as 
personnel move ·toward the end of the contamination reduct ion 
corridor. The system will be set up to wash and rinse, at last once, 
all protective equipment worn. A sequential doffing of protective 
equipment will be conducted, starting with the most heavily 
contaminated i tems at the first station and progressing to t he least 
contaminated i tems at the final stations. Stations will be far 
enough apart to minimize cross -contamination. 

o All personnel entering an exclusion zone where personnel 
decontamination is required must follow the specifi ed decontamination 
procedures. Personnel that are not required to wear the maximum level 
of protective gear may bypass the decontamination stations for gear 
they are not wearing. 

o Emergency decontamination procedures will be established for 
personnel who must evacuate or be evacuated the site under emergency 
conditions or because of injury. If decontamination activities may 
aggravate or cause more serious health effects to an injured person 
or if prompt l i fe saving first aid and/or medical treatment is 
required , decontamination procedures will be omitted and li fe-saving 
care initiated without delay. The outer garments will be removed 
whenever practi cal (or if necessary because the victim has been 
contaminated wi th a life -threatening material) . However, if the outer 
contaminated garments can not be safely removed, the indivi dual 
should be wrapped in plastic, rubber, or blankets to help prevent 
contamination of medical personnel and/or the inter ior of t he 
ambulance. Contaminated garments can then be removed at the medical 
facility. Whenever possible , response personnel wil l accompany 
contaminated victims to the medical facility to adv i se on matters 
involving decontamination. 

o Personnel assisting in decontamination activities will be at tired in 
clothing to protect them from contamination released during the 

H- 16 



decontamination procedure . Protection levels for decontamination 
workers will be defined in the site specific RI/FS Health and Safety 
Plan. 

o Per i odically, swipes will be taken for chemical and radioactive 
contamination and analyzed in the laboratory to assess the 
effectiveness of decontamination or estimate permeation through 
protective clothing and personnel exposure. 

o A personnel contamination log will be maintained to record 
contamination levels and decontamination measures taken. 

o All equipment and vehicles used in the exclusion zone will require 
the same level of decontamination. Reusable clothing and respirators 
will be sanitized in addition to being decontaminated. 

o Audits will be conducted to ensure compliance with decontamination 
procedures. 

4.4 Worker Training 

A health and safety training program will be established to provide training 
for all personnel involved in the CERCLA field investigations in accordance 
with DOE orders and OSHA requirements (29CFR 1910.120), whichever is the 
most stringent. The type of training will depend on job functions and 
potential work hazards . All field personnel will receive training in first 
aid and cardio-pulmonary resuscitation (CPR). In addition, training will be 
provided in the following areas as appropriate: (1) radiological safety 
(including recommendations on limiting exposures during pregnancy); (2) 
industrial hazard recognition; (3) use of protective equipment {including 
respirators and clothing for Levels A through D); (4) decontamination 
procedures; (5) emergency response; (6) fire safety; and (7) field survival. 
The requirements for training are specific and require a minimum of 40 hours 
formal classroom training, as well as a minimum of 3 days on-the-job . 

Subcontractors may develop their own additional training programs to comply 
with t heir company policy . 
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4.~ EMPLOYEE MEDICAL PROGRAM 

All personnel involved in field activities will participate in an employee 
medical program. A medical program has been established for each of the DOE 
contractor companies in accordance with the requirements of DOE Order 
5480 .8. Subcontractors will operate their own employee medical programs to 
ensure a level of employee protection equivalent to the DOE system and/or in 
compliance with any other regulations applicable to their operations. 

4.6 RECORDS AND REPORTING REQUIREMENTS 

4.6.1 Exposure and Medical Records 

Employee exposure and medical records will be maintained in accordance with 
the requirements in DOE Order 5480.2B and 5484.1. Subcontractors will be 
responsible for maintaining exposure and medical records for their own 
employees. 

4.6.2 Unusual Occurrence Reports 

All unusual occurrences must be reported to the CERCLA Project Office in 
accordance with DOE Orders 5484.1 and 5000.3. An occurrence is defined as 
"any deviation from planned or expected behavior or course of events in 
connection with any DOE or DOE controlled operation if the deviation has 
environmental protection, safety, or health protection significance" (DOE 
Order 5484.1). Reportable unusual occurrences include: 

o Any substantial degradation of a barrier designed to contain 
radioactive or toxic material or any substantial release of 
radioactive or toxic material. 

o Loss of control of hazardous or radioactive material. 

o Accidents involving the transport of radioactive or toxic materials. 

o Any fire or explosion which affects the integrity of the site or 
project. 
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o Any condition resulting from natural events or man-made activities 
that substantially affects or threatens performance, reliability, or 
safe operation (e.g. flooding, wind damage, soil stability problems, 
equipment malfunctions, personnel operation errors that create 
hazardous cond~tions). 

o Any incidence of breach of access control by unauthorized personnel. 

o Any acts of vandalism or major theft occurring at a site. 

o Any release of contamination outside the controlled area. 

o Any injury ·or contamination to personnel. 

In addition to the DOE reporting system, any subcontractors involved in 
unusual occurrences will be responsible for nay reporting requirements to 
OSHA under the Occupational Safety and Health Act or any other reporting 
requirements directly applicable to them (e.g. workers' compensation 
insurance requirements). 

4.7 EMPLOYEE INFORMATION 

DOE Form F-548O.2 "Occupational Safety and Health Protection (a Poster 
outlining contractor responsibilities to provide safety and health 
protection) and DOE Form F-548O.4 "Occupational Safety and Health Complaint 
Form " (a form to be used in reporting violations) will be posted in 
prominent locations at the workplace (but not necessarily at the field 
site) . 

4.7.1 Employee Right to Know 

All persons who may potentially be exposed to hazardous materials in the 
work place must be fully informed of potential health hazards and safety 
precautions. Warning notices shall be posted as appropriate. Procedures for 
employee right to know will be developed in the site specific RI/FS Safety 
and Health Plan. 
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4.7.2 Health and Safety Complaints 

Employees are encourage to report any conditions or practices that may be 
detrimental to their health/safety or that they believe are in violation of 
applicable health and safety standards. Any imminent danger that potentially 
threatens life or ser ious physical harm should be brought to the immediate 
attention of the appropriate supervisor. In the event of inadequate 
corrective action, the CERCLA Project Office should be immediately notified 
by telephone and an immediate inspection requested. Employees should 
evacuate the area unt i l corrective action is taken. 

5.0 EMERGENCY RESPONSE 

Generic guidance is provided in this section for preparing the site specific 
RI/FS emergency response plans for each individual CERCLA site field 
investigation. These specific procedures will be reviewed and approved by 
the appropriate personnel and organization prior to initial site entry. All 
personnel entering a site exclusion zone will be required to read and be 
familiar with the emergency response procedures. 

5.1 Emergency Contacts 

This section in the site specific RI/FS Health and Safety Plan will provide 
emergency contact information. The section will be placed on a separate page 
that can be copied and posted in prominent locations at the work si te. Table 
2 contains an example of the m,n,mum emergency contacts to be identified and 
radio/telephone call numbers provided. 

5.2 Emergency Contingency Plans 

Emergency contingency plans will be included in the site specific RI/FS 
Health and Safety Plan. The contingency plans will include specific 
procedures to be followed in the event of specific types of emergencies. A 
copy of these plans must be available at the work site at all times, and all 
personnel entering the exclusion zone must be familiar with the procedures. 
The plans will designate responsible individuals, identify criterfa for 
evacuation, detail evacuation routes, establish procedures for emergency 
treatment of victims, and indicate how to get emergency assistance . 
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5.2.1 Fire/Explosion 

The site ·specific RI/FS Health and Safety Plan will provide procedures for 
dealing with fire/explosion accidents. The following guidelines are provided 
as generic guidance: 

o The Site Health and Safety Coordinator (SSHC) (or his alternate) 
shall have the authority to coordinate all evacuations and emergency 
response activities until the proper authorities arrive and assume 
control. 

o All injured personnel and other personnel not trained in fire safety 
shall be evacuated. 

o The fire department shall be notified immediately. 

o Personnel trained in fire safety may fight small, nontoxic fires. 
All personnel shall evacuate an area with a large fire or a fire 
generating toxic fumes. 

o All personnel shall be evacuated and the fire department notified if 
combustible gas meters show combustible gas concentrations 
approaching the lower explosive limit. 

o In the event of an explosion, all personnel (including the injured) 
shall be evacuated and no one shall re-enter the area until it has 
been cleared by personnel trained in dealing with explosive 
materials. 

o The occurrence shall be reported as specified in Section 4.6 of this 
plan. 
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TABLE 2.0 

EMERGENCY CONTACTS 

SITE SAFETY AND HEALTH COORDINATOR 

NAME: 

FIRE CALL: 

AMBULANCE CALL: 

POISON CONTROL CENTER CALL: 

SECURITY CALL: 

POLICE CALL: 

YOU ARE LOCATED AT: 

THE NEAREST TELEPHONE IS LOCATED AT: 

CALL: 

THE NEAREST EMERGENCY MEDICAL SERVICES ARE LOCATED AT (attach a map): 
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5.2.2 Personnel Injury 

The site specific RI/FS Health and Safety Plan will provide emergency 
procedures for dealing with accidents involving personnel injuries. The 
following guidelines will be incorporated as appropriate: 

o In the case of an injury or medical emergency, the SSHC (or his 
alternate) will have the authority to issue orders for emergency 
response and first aid assistance. 

o Emergency first aid care will be initiated at the site by trained 
personnel. Treatment of injuries involving life-threatening 
situations or chemical burns/skin absorption should be initiated at 
once. Victims of serious injuries should be transported to a medical 
facility as soon as possible. 

o Whenever possible, one individual should remain with the victim while 
other personnel place necessary emergency phone calls and provide 
other assistance. 

o Minor 1nJuries may be treated onsite by trained personnel. However, 
all injuries should be checked by qualified medical personnel. 

o Heat stress may require first aid treatment. Heat stroke requires 
prompt treatment to prevent irreversible damage or death. Cooling 
measures should be initiated and protective clothing removed as soon 
as possible. Victims of heat stroke should be checked by qualified 
medical personnel. Less serious forms of heat stress 
(fatigue/exhaustion) should also be treated to prevent further 
complications. 

o Victims of serious bites (i.e. rattlesnakes, spiders or scorpions) 
and stings (allergic reactions) should be taken to the nearest 
medical facility for prompt treatment. Personnel with known allergic 
reactions should notify the SSHC and carry allergy treatment kits to 
the field with them. 
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o Decontamination of injured personnel shall depend on the na t ure of 
the injury. Decontamination shall be conducted to prevent further 
exposure as long as it will not aggravate the situation . Li fe
threatening or serious injury situations shall always be considered 
first. 

o The occurrence shall be reported as specified in Section 4.6 of this 
plan. 

5.2.3 Personnel Contamination 

The site specific RI/FS Health and Safety Plan will provide emergency 
procedures for dealing with personnel contaminations accidents. The 
following guidelines are provided as generic guidance: 

o The SSHC shall have the authority to issue orders for emergency 
response and decontamination. 

o External contamination of the skin shall be immediat ely 
decontaminated in accordance with the procedures out lined in the 
decontamination plan (including flushing with water as appropriate). 
Victims of burns or skin absorption should be checked by qualified 
medical personnel. 

o Victims of internal contamination (i.e. through inhalat ion, ingestion 
or absorption) shall be immediately transported to t he nearest 
medical facility for emergency treatment. If the route of 
contamination is by ingestion, a call should be made to the nearest 
poison control center and first aid treatment initiated as directed 
by the center. 

o Report the occurrence as specified in Section 4.6 of th i s pl an. 

5.2.4 Accidental Release to the Environment 

Emergency response measures for accidental releases to the env i ronment have 
been developed by each facility onsite. The procedures deal with both 
emergency response (i .e., spill control, site evacuation and monitoring) and 
reporting to DOE and the National Response Center as appropriate. The site 
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specific RI/FS Health and Safety Plan will identify specific emergency 
procedures for dealing with releases to the environment. 

The SSHC shall immediately notify the CERCLA Project Health and Safety 
Officer . The notification shall include: the location and time of release, 
the type of release and estimated magnitude; and the immediate spill 
containment procedures implements . The occurrence shall also be reported as 
specified in Section 4.6 of this plan. 

6.0 ENVIRONMENTAL MONITORING 

An ambient environmental monitoring program will be conducted at the CERCLA 
sites as appropriate to evaluate ambient concentrations and estimate 
potential doses to personnel and the public. The site specific RI/FS Health 
and Safety Plan will designate sampling requirements, types and location of 
samples requires, and the types of analyses requires. 

Wastewater collected from onsite activities and from decontamination 
procedures will be sampled and analyzed prior to release from the site. 
Prior to releasing the wastewater, radionuclide concentrations shall meet 
the release requirements of DOE Order 5480.xx and other contaminants shall 
be in conformance with the National Pollutant Discharge Elimination System 
(NPDES) permit regulations . 
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APPENDIX I 

RCRA COST REDUCTION EXAMPLE 



APPENDIX I - RCRA SITE COST REDUCTION EXAMPLES 

Appendix I presents four example calculations of the cost reductions 
which result from grouping RCRA/CERCLA sites for characterization and 
remediation. The examples which follow are organized first according to the 
site types and numbers of units included in the groups. 

The characterization and remediation tasks of monitoring, excavating, 
etc., were evaluated to determine reductions in the numbers of soil borings, 
monitoring wells, and samples that can be accomplished by characterizing and 
remediating the groups of units as opposed to the individual units. 

Example A: 200 East BC Crib Area - 20 Trenches 

Characterization Costs 

As Individual Units: 

o The characterization costs to v~rify no residual contamination 
associated with a generic trench unit has been determined to be 
$5,567,000 

o Cost for characterizing the 20 trenches on an individual basis 
would be $111,340,000. 

As a Group: 

o The characterization costs on a group basis were determined to be 

$19,625,000 

0 Addressing these trenches as a group results in a savings of 
$91,715,000. This is based on the fa 11 owing analysis: 

The perimeter of site was estimated to be 5,000 feet 

A total of 50 soil borings at 100 foot i nterva 1 s, 100 feet 
deep, would be required 
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A total of 2,750 soil samples (2,500 samples plus 250 
duplicates, etc.) would be taken from the bore holes (sampled 
at two · foot intervals) 

2,750 soil samples at $7,100 per sample equals $19, 525,000 

Planning costs estimated at $100,000 

o Cost savings result from a reduction in soil borings from 280 to 
50, samples from 15,400 to 2,750, and characterization pl anning 
costs from $2,000,000 to $100,000. 

Example B: 300 Area Burial Grounds 618-2 and 618-3 (RCRA) 

Characterization Costs 

As Indiv idual Un i ts: 

o The characterization costs to verify no release associated with a 
generic bur i al ground (belowground covered landfi ll) is $4,076 ,000 

o Cost for characterizing the two burial grounds on an individual 
basis would be $8,152,000. 

As A Group: 

o The characterization costs on a group basis were determined to be 
$2,208,700 

o Addressing these burial grounds as a group results in a savings of 
$5,943,300 . This is based on the following analysis: 

The perimeter of the site was estimated to be 1, 780 feet 

A total of 18 soil borings at 100 foot intervals, 30 feet 
deep, would be required 
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A total of 297 soil samples (270 samples plus 27 duplicates, 
etc . ) would be taken from the bore holes (sampled at two foot 
intervals) 

297 soil samples at $7,100 per sample equals $2,108,700 

Planning costs estimated at $100,000 

o Cost savings result from a reduction in soil borings from 33 to 
18, samples from 560 to 297, and characterization planning costs 
from $200,000 to $100,000. 

Example C: 200 West Trenches 216-T-14 through 216-T-17 (RCRA) 

Characterization Costs 

As Individual Units: 

o The characterization costs for characterizing for remediation 
associated with a generic trench (surface impoundment) is 
$2,691,200 

o Cost for characterizing the four trenches on an individual basis 
would be $10,604,800. 

As a Group: 

o The characterization costs on a group basis were determined to be 
$1,800,800 

o Addressing these trenches as a group results in a savings of 
$8,804,000. This is based on the following analysis: 

The perimeter of site was estimated to be 1,200 feet 

A total of four groundwater monitoring wells and samples at 
$33,200 per well equals $132,800 
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A total of 224 soil samples at $7,000 per sample equals 
$1,568,000 

Planning costs estimated at $100,000 

o Cost savings result from a reduction in groundwater well s from 16 
to four, soil samples from 896 to 224, and characterizat i on 
plann i ng costs from $400,000 to $100,000. 

Remediation-Excavation Costs 

As Individual Units: 

Method A (Excavation and Disposal) 

o The cost associated with a generic trench is $247,802,500 

o Cost for excavating the four trenches on an individual basis would 
be $991,210,000 

o As a group the cost for excavating the four trenches woul d be 
$311,782,900, a cost savings of $679,427,300 

o Cost savings result from a reduction in total area being excavated 
(double counting of areas is eliminated), and a reduction in the 
total costs allocated to engineering and the feasibility study. 

Method B (Excavation, Treatment, and Disposal) 

o The excavation and treatment costs associated with a generic 
trench is $464,396,500 

o Cost for excavating the four trenches on an individual basis would 
be $1,857,586,000 

o As a group the cost for excavating the four trenches, fo l lowed by 
treatment of the waste, would be $587,478,100, a cost savings of 
$1,270,107,900 
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o Cost savings result from a reduction in total area being excavated 
(double counting of areas is eliminated) and a reduction in the 
total costs allocated to engineering in the feasibility study. 

Groundwater Recovery and Treatment 

As Individual Units : 

o The groundwater recovery and treatment costs associated with a 
generic trench (surface impoundment) is $4,533,500 

o Cost for recovering and treating the four trenches on an 
individual basis would be $18,134,000. 

As a Group: 

o The recovery and treatment costs on a group basis were determined 
to be $4,708,600, a cost savings of $13,425,400 

o Cost savings result from a reduction in the area in the saturated 
zone requiring recovery (double counting) and a reduction in the 
total costs allocated to engineering and the feasibility study. 

Example D: 200 West Group D Trenches 216-T-9 through 216-T-11 

Characterization Costs 

As Individual Units: 

o The characterization costs associated with a generic trench is 
$5,567,000 

o Cost for characterizing the three trenches on an individual basis 
would be $16,701,000. 
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As a Group: 

o The characterization costs on a group basis were estimated to be 
$2,443,000 · 

o Addressing these trenches as a group results in a savings of 
$14,258,000 . This is based on the following analysis: 

The perimeter of the site was estimated to be 270 feet 

A total of six soil borings, 30 feet deep, would be required 

A total of 330 soil samples would be taken (includes 
duplicates, etc.) 

330 soil samples at $7,100 per sample equals $2,343 ,000 

Planning costs estimated at $100,000 

o Cost savings result from a reduction soil samples from 2,310 to 
330, and characterization planning costs from $300,000 t o 
$100,000. 
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