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EXECUTIVE SUM1\.1AR Y 

Since the signing of the Hanford Federal Facility Agreement and Consent Order (Tri
Party Agreement (TPA)) in 1989, the parties to the agreement have recognized the need to 
modify the approach to conducting investigations and studies at Hanford with a goal of 
maximizing efficiency, optimizing use of limited resources, and achieving cleanup in the 
earliest possible time frame. To implement this approach, the parties have jointly developed 
the Hanford Site Past Practice Strategy (DOE-RL 1991d). The principles of the strategy are 
embodied in the Hanford Federal Facility Agreement and Consent Order Change Package, 
dated May 13, 1991 (Ecology et al. 1991). 

An important aspect of the past practice strategy and its associated TPA change 
package recognizes that the Hanford Site presents a number of unique circumstances that call 
for innovative approaches to conducting investigations and feasibility studies (FS). The 100 
Area has been divided into 25 operable units (OU) based largely on location. While these 
units are separated geographically, they all contain sites which are very similar with regard 
to types of contaminants and methods of disposal. Consequently, the Hanford Site Past 
Practice Strategy as applied to the 100 Area defines an aggregate approach to evaluate groups 
of sites based on their similarity, as opposed to their geographical location and operable unit 
designation. 

Thus the 1991 TPA change package mandates that, rather than performing separate 
feasibility studies for each of the 100 Area OUs, the feasibility studies should evaluate 
remedial alternatives for the entire 100 Area. To meet this objective, the change package 
called for three "base" reports which would consider: 1) source operable units (except 100-N 
Area), 2) groundwater operable units, and 3) 100-N Area, as it is distinctly different from 
the other 100 Areas. The 100 Area feasibility study presented in this document meets the 
objectives of the change package; however, the approach is further streamlined by 
condensing the "base" studies into a single document to avoid having to duplicate large 
amounts of common information , but at the same time provide separate sections to address 
definition of remedial alternatives by either media or area. This not only reduces the cost of 
document preparation , but also shortens the review times and reduces the potential for 
document inconsistencies as a result of separate reviews. This document separates the 
studies by three media: solid wastes , soil/riverbank sediments, and groundwater. Riverbank 
sediments are that portion of the vadose zone, on the shore of the river, which are 
contaminated as a result of fluctuating -groundwater levels near the river. Additionally , the N 
Area is treated as a separate site based on its somewhat unique characteristics, making a total 
of four types of sites or units evaluated. 

This 100 Area Phase I/II FS is built around existing data. In a typical Remedial 
Investigation/Feasibility Study (RI/FS) , the Phase I/II FS is not completed until the RI Phase 
I is complete, although the Phase I/II FS is often started while the Phase I RI is being 
conducted. However, for the 100 Area, the size of the existing site characterization database 
is larger than the end result of many Rls and is adequate for identifying and screening 
remedial alte~atives. Use of existing data to initiate and expedite the FS process is 
consistent with the past practice strategy. New site characterization data, while important for 
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later detailed analysis , would not likely affect the outcome of the alternatives development 
and screening phases. Finally, waiting for limited field investigation (LFI) data to start the 
FS process would cause unacceptable schedule delays in starting subsequent programs such 
as treatability studies. 

The 100 Area Phase I/IT FS evaluates the known characteristics of the Hanford 100 
Area and identifies the range of remedial alternatives that are most appropriate for protection 
of human health and the environment for the entire aggregate area. The purpose of the 100 
Area FS is to: 

• Provide a more generalized view of applicable and workable remedial 
technologies as applied to the site contamination problems as a whole 

• Evaluate groups of sites based on similarity , as opposed to geographical 
location and operable unit designation 

• Develop and screen remedial alternatives to be used in the detailed analysis 
phase in focused feasibility studies for Interim Remedial Measures (IRMs) or 
final FSs for individual operable units. 

BACKGROUND 

Four areas of the Hanford Site (the 100, 200, 300, and 1100 Areas) have been 
included on the EPA's National Priorities List (NPL) under the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA). 

The Hanford Site is a 560 mi2 (1,434 km2) tract of land located in the south-central 
portion of the State of Washington in the counties of Adams, Benton , Franklin, and Grant. 
The 100 Area lies along the southern shoreline of the Columbia River at the north end of the 
Hanford Site (See Figure 1-1). 

Between 1943 and 1962, nine water-cooled , graphite-moderated plutonium production 
reactors were built along the shore of the Columbia River upstream from the now-abandoned 
town of Hanford. Eight of these reactors (B, C, D, DR, F , H, KE, and KW) are retired 
from service and are under evaluation for decommissioning. The ninth reactor, N, was 
recently taken out of standby status and will be retired . 

Waste disposal practices associated with operations of the 100 Area reactors resulted 
in substantial releases of contamination to both soil and groundwater media in the vicinity of 
the reactors. The major sources of contamination stem from the use of large amounts of 
cooling water, which flowed through the reactor core. This cooling water was often 
contaminated with significant concentrations of radionuclides. As a result of leaks in the 
spent cooling water transfer systems and as a result of intentional water disposal in cribs and 
trenches, significant volumes of soil and underlying groundwater have become contaminated. 
In addition , solid wastes contaminated pri marily wi th radionuclides were buried in unlined 
trenches. 
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Solid and liquid waste disposal units and groundwater plumes constitute the 100 Area 
past practice OUs. However, reactor and other major buildings are excluded from the past 
practice OUs. These will be decommissioned as part of the Surplus Reactors 
Decommissioning Program and are thus outside the scope of this FS. 

Since shutdown of the production reactors , limited environmental investigations have 
been performed to characterize the nature and extent of the contamination. Such 
investigations, while not totally definitive, especially for non-radiological contaminants, have 
provided a reasonably solid database upon which studies of remedial approaches can be 
performed. The compilation of existing information on waste releases and environmental 
sampling is summarized in this report and forms the basis for conducting these phases of the 
feasibility study. 

SUMMARY OF THE FEASIBILITY STUDY 

The 100 Area Phase I/II FS consists of four principal tasks: 

• 

• 

• 

• 

Identify contaminants of concern for the media of concern 

Identify applicable or relevant and appropriate requirements (ARARs) pertinent 
to all general response actions including waste disposal 

Develop remedial alternatives (Phase I) applicable to the 100 Area including 
development of remedial action objectives, development of general response 
actions, identification and screening of technologies and process options, and 
assembly of remedial alternatives from representative technology types 

Screen alternatives (Phase II) developed in Phase I for implementability, 
effectiveness, and costs to identify those alternatives which warrant 
advancement to the detailed analysis phase of future focused feasibility studies. 

Seven sections are included in this FS report. Section 1. 0 provides an introduction 
which also includes a summary of background and existing data, including: 

• A history of 100 Area operations and descriptions of facility characteristics 
and waste generating processes 

• Physical setting including such aspects as geology, h ydrogeology, 
meteorology , environmental resources , etc. 

• Nature and extent of contamination in the media of concern. 

The sources of contaminants in the 100 Area consist of reactor cooling water effluent 
treatment, transfer, and disposal systems; sanitary sewage treatment, transfer, and disposal 
systems; solid waste burial grounds (including decommissioned facility sites); fuel fabrication 
waste handling areas; miscellaneous unplanned release areas; chemical storage areas; 
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maintenance and decontamination areas ; and experimental laboratory disposal areas . The 
major contaminants in the 100 Area are the radionuclides directly associated with reactor 
operations. However, as a result of utilities production as well as decontamination and 
maintenance operations, both organic and inorganic chemicals were used and disposed of, 
resulting in soil and groundwater chemical contamination. While substantial sampling data 
exist for radionuclide contamination, data on non-radiological contamination are somewhat 
limited. The major radiological contaminants present in the 100 Area environmental media 
include: 

• Tritium 
• Cobalt-60 
• Strontium-90 
• Cesium-137 
• Europium-152/ 154/ 155 
• Uranium-235/238 
• Plutonium-239/240. 

Chemical contaminants disposed to 100 Area soils as part of the liquid waste streams 
include, but are not limited to: · 

• Chromium from sodium dichromate added to reactor cooling water 

• 

• 

• 

Decontamination fluids containing chromic, citric , oxalic , nitric , and sulfuric 
acids 

Mercury from manometers and thermometers 

PCBs from electrical equipment. 

a-~ Solid wastes included irradiated components from the reactor such as graphite, 
thimbles, control rods, spacers , and process dummies as well as incidental soft wastes such 
as clothing and rags. In addition , decontamination and decommissioning activities created 
solid waste in the form of demolition materials which were buried in the 100 Area. 

Section 2.0 of the report provides an assessment of contaminants of concern for the 
100 Area. Since a baseline risk assessment has not yet been performed for the 100 Area, 
one objective of this study was to provide a uniform methodology for determining potential 
contaminants of concern to use as a starting point for developing remedial alternatives. The 
determination of potential contaminants of concern was conducted in two phases as follows: 

• 

• 

The identification of regulatory contaminants of concern by comparing 
concentration data for radiological and/or chemical substances potentially · 
released in the 100 Area with background concentrations and established 
regulatory limits 

Evaluation of the toxicological significance of each regulatory contaminant of 
concern . 
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Decision logic diagrams were developed to determine the regulatory contaminants of 
concern. (Figures 1 and 2 of Appendix A) Contaminants which the data showed were below 
background were included on a suspect contaminant list, i.e., future characterization data 
may warrant their inclusion as contaminants of concern. The qualitative toxicity assessment 
further refined the contaminants of concern determination by evaluating the toxicological 
significance of each regulatory contaminant of concern. The end prcxiuct of this effort was a 
list of potential contaminants of concern and suspect contaminants for sources, groundwater, 
and the 100-N Area (presented in Section 2.0 and in Appendix A). A composite list, 
including the potential contaminants of concern only, is provided in Table 1. 

Section 3.0 documents the results of the effort to identify potential ARARs. 
Three categories of ARARs are defined in the U.S. Environmental Protection Agency 
document titled CERCLA Compliance with Other Laws Manual (EPA, 1988c): chemical
specific, location-specific, and action-specific ARARs. Table 2 lists some of the more 
prominent potential ARARs for the 100 Area. Determination of ARARs is an iterative 
process and thus the list of potential ARARs will be refined with additional data from future 
100 Area investigations and studies. 

Section 4.0 documents the Phase I effort to identify and screen remedial technologies 
and process options. This section also identifies remedial action objectives (RAOs), remedial 
action goals and general response actions (GRAs), and provides estimates of areas and 
volumes of contaminated materials: 

The media of interest for the RAOs include soils, groundwater, riverbank sediments, 
solid wastes generated during site remediation activities. The same media and RAOs apply 
to the 100-N Area as well. In addition, this FS includes the development of remedial 
alternatives which may be used to address contaminated river bottom sediments and river 
pipelines should future data indicate potential threat to human health or the environment. 
This analysis is provided in Appendix F. · 

Remedial action goals are the target cleanup levels which satisfy the RAOs, and as 
such, are considered a subset of RAOs. These cleanup levels are driven by risk assessments 
and/or ARARs. In lieu of site-specific investigation and risk assessment data, assumptions 
were made to develop remedial goals . While the use of assumptions instead of site-specific 
data provides for a greater level of uncertainty , preliminary RA Os and remedial action goals 
can still be developed to a degree adequate for the Phase I/II alternatives development. 
However, site-specific data and definitive risk assessments will be necessary for future 
detailed analysis of alternatives. For purposes of this Phase I/II FS, the preliminary remedial 
action goals are based primarily on state and federal regulatory limits (potential ARARs) 
along with selected assumptions regarding cleanup levels as developed in the Hanford Past 
Practice Site Cleanup and Restoration Conceptual Study (WHC 1991c). These assumptions 
are as follows: 

• Performance of the tasks described for this FS is based on existing site data, 
primarily as documented in the eleven draft 100 Area OU RI/FS work plans 
issued previously (DOE 1990a-e; 1991a-f), and supplemented by existing data 
given in other documents for sites not covered by draft work plans. New 
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sampling or monitoring data produced as a result of current site investigations 
were unavailable to meet the FS schedule and are therefore, not incorporated. 

• All sites in the 100 Area are categorized within one of the four types of sites 
identified for this project (solid wastes, soils/riverbank sediments, 
groundwater, and the 100-N Area. 

• Sampling and monitoring data reported in source documents are assumed to be 
of adequate quality to support the FS. 

Estimates of volumes of contaminated media were based primarily upon values 
presented in the 100 Area Hanford Past Practice Site Cleanup and Restoration Conceptual 
Study (WHC 199le). 

General response actions were identified as follows: 

• No Action 
• Institutional Actions 
• Containment Actions 
• Removal/Disposal Actions 
• In situ Treatment Actions 
• Removal/Treatment/Disposal Actions. 

The identification and screening of technologies considered the universe of technology 
types that would be potentially applicable to the identified general response actions. 
Technologies include general categories such as chemical treatment, thermal treatment, 
stabilization/solidification, or capping . Within each technology category are process options. 
Examples of process options within the chemical treatment technology category include 
precipitation, ion exchange, and oxidation/reduction . 

Potentially-feasible, media-specific technologies and process options were identified 
for each of the GRAs by compiling information obtained from EPA documents , reference 
program sources, personal interviews, and other relevant technical references. 

Technologies and process options were initially screened in the Phase I FS to 
eliminate those that are not technically implementable for the site conditions or contaminants 
encountered in the 100 Area. This first screening step only considered whether a technology 
and/or process option can be effectively implemented at the site, based on an assessment of 
existing site data on both contaminant types/concentrations and site characteristics. 

A second screening step was performed on technologies/process options which 
considered effectiveness as a primary criterion with implementability (now including 
administrative implementability) and cost considered as secondary criteria. 

Technologies and process options were identified fo r three media: solid wastes, 
groundwater, and soils/ riverbank sediments. While the 100-N Area has been set apart as a 
separate medium in this FS , analysis of the applicability of technologies and process options 
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indicated that there are no unique features of the 100-N Area which would present 
technologies or options differing from the three basic media which have been considered. 

Section 5.0 documents the Phase II effort to 1) assemble screened technologies and 
process options into area-wide alternatives and 2) screen the alternatives with respect to 
implementability, effectiveness, and cost to arrive at a list for advancement to future focused 
feasibility studies. 

In Phase II of the FS, the list of technologies and process options which passed the 
Phase I screening steps was used to assemble 27 alternatives representing the entire range of 
general response actions as well as treatment and containment combinations. Tables 3, 4 and 
5 below list the component technologies and process options for each of the 27 alternatives 
for the solid waste, groundwater, and soils media, respectively. 

The Phase II FS also included an alternatives evaluation and screening step. The goal 
of the alternatives screening step was to limit the number of alternatives that must undergo 
detailed analysis while still preserving the range of response actions and technologies to be 
considered. E..ach of the 27 alternatives was described in sufficient detail such that they could 
be evaluated in the alternatives screening step. Descriptions were based upon the general 
process information developed for each technology/process option in Phase I. In addition, 
each alternative was described in view of known site conditions, contaminant ranges , 
volumes of contaminated media, and other factors. 

In accordance with the CERCLA FS process (EPA 1988a), each alternative was 
evaluated against established criteria. The criteria are essentially the same as used for 
technology screening, i.e., implementability, effectiveness, and cost. However, in the 
alternatives evaluation stage, the criteria were now viewed in more detail, considering more 
site-specific conditions, and as applied to the integrated remedial solution rather than to just a 
portion of the solution. The CERCLA evaluation criteria are listed as follows: 

Effectiveness: 

• Short-term protection of human health 
• Short-term protection of the environment 
• Long-term protection of human health 
• Long-term protection of the environment 
• Reduction of mobility , toxicity , or volume reduction. 

Implementability - technical feasibility: 

• Constructability 
• Operational reliability 
• Maintenance. 

Implementability - administrative feasibility: 

• Agency approvals 
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• Specialized equipment and personnel. 

Cost - relative cost: 

The alternative evaluation step culminated in a formal scoring process to provide a 
numerical qualification of how each alternative met the evaluation criteria. An alternative's 
rating against a specific criterion was not a pass/fail situation but an indication of the degree 
to which the alternative meets the criterion. This degree, which considers the balance of 
pros and cons for each factor, is represented by a simple 1 to 5 scale, where "1" (poor) 
suggests that the criterion is not met at all while "5" (excellent) suggests that the criteria is 
met very well. 

The scoring was performed independently by nine individuals who made up the FS 
project team. Multiple scoring was done to reduce the influence of personal bias in the final 
results. The individual scores were then averaged to form an initial composite alternative 
ranking score. The guidance document (EPA 1988a) directs that the effectiveness criterion 
should be weighted more heavily than implementability and cost criterion. 

The development of alternatives is based on the classes of contaminants (i.e., 
organics, metals, and radionuclides) and generalized conditions of all 100 Area operable 
units. Because protection of human health and the environment is the principal goal of 
remedial actions, the major focus of the screening is on the effectiveness of an alternative to 
meet RAOs. Therefore, effectiveness is given a high weighting factor in comparison to 
implementability and cost. After effectiveness, implementability is the next most important 
consideration and is given the second highest weighting factor. At this phase of the FS 
process, site-specific cost information is limited. Costs are relative and serve as comparisons 
between alternatives which are similar in effectiveness and implementability. Costs will be 
more fully defined during detailed analysis (focused feasibility studies) , when individual sites 
are considered along with their specific conditions, waste volumes and types, and 
contaminants. 

For the purposes of this feasibility study, this was accomplished by first normalizing 
the sum of individual factors for each criterion to 100 (for example, a total of "25" was 
possible for the five factors considered for evaluating effectiveness; the effectiveness score 
was normalized by multiplying the new score by 4) , and then by weighting (multiplying by a 
weighting factor). 

The evaluation criteria were weighted as follows: 

• 
• 
• 

Effectiveness 
Implementability 
Cost 

Total 
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The decision to discard alternatives at this point was made on the basis of retaining a 
broad range of general response actions for detailed analysis. This is deemed necessary for 
this particular feasibility study due to an incomplete set of input parameters that are specified 
in the guidance document for traditional feasibility studies. Alternatives recommended for 
consideration at the detailed analysis/ focused feasibility study levels cover the spectrum of all 
potential remedial actions from "no action" (which would be applicable only if a risk 
assessment indicates acceptability of such an approach) to removal, treatment, and disposal 
actions, which reduce uncertainty and risk but at a high cost. 

Based on composite scores, alternatives were selected which are considered 
representative of the range of general response actions for future FS evaluations. These are 
listed in Table 6 below. 

The retained alternatives may serve as a baseline from which to evaluate the future 
impact of site characterization data and risk assessment results. Note that alternatives (and 
technologies) that were not retained may be revisited at any time as new infonnation 
warrants, in accordance with FS guidance. 

While the CERCLA Phase· I/II FS process provides a rational process for developing 
and screening remedial alternatives, it is important to note that all this is done in the absence 
of a baseline risk assessment to comprehensively evaluate the inherent risks posed by the 
contamination. The baseline risk assessment will be a part of future studies. The Phase I/II 
process also does not allow much consideration of cost. The NCP states "Each remedial 
action selected shall be cost effective ... " (40 CFR 300.430 (t)(l)(ii)(D)). The cost 
effectiveness of each alternative has not yet been evaluated. This is an essential element in 
the ultimate decision-making process. While protection of human health and the environment 
is of utmost importance, the final remedial solutions must be cost effective. 

Section 6.0 of this report discusses development of a Treatability Study Program Plan 
for conducting treatability studies needed to support further analysis of remedial technologies. 
This section also provides an outline of the RI/ FS program steps needed to advance the 
feasibility study process through future detailed analysis efforts to be conducted as part of 
FSs for OUs and/or IRMs. 

In general, treatability studies are conducted for two purposes: 

• 

• 

To gather sufficient data to allow treatment alternatives to be fully 
developed and evaluated during the detailed analysis and to support 
detailed design of a selected alternative 

To reduce cost and performance uncertainties for treatment alternatives 
to acceptable levels so that a remedy can be selected. 

The data collected from the treatability studies may provide information to help 
detennine the following : 

• Potential effectiveness in achieving target cleanup levels 
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Contaminant removal (or destruction) efficiencies 
Achievable processing rates 
Selection of process reagents or additives, and formulations 
Pretreatment or post-treatment requirements for waste streams 
Treated-waste disposal requirements . 
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Table 1. Potential Contaminants of Concern for the 100 Area 

RADIONUCLIDES EJ OTHER voes OTHER 
INORGANIC ORGANICS 

COMPOUNDS/IONS 

Tritium Arsenic Ammonium/ Ammonia Acetone Acetic Acid 
Carbon-14 Barium Asbcatoa Benzene Bia (2-ethyhcxyl) 
Calcium-41 Beryllium Chlorine Chlorobcnzcne phthalatc 
Cobalt-60 Boron Cyanide Chloroform Ethylcncdiaminc 
Nickel-63 Cadmium Fluoride Ethy !benzene Formic Acid 
Selenium-79 Chromium Nitrate Methylene Chloride Hydrazine 
Krypton-85 Lead Nitrite Methyl lsobutyl PCBs 
Strontium-90 Manganese Phosphoric Acid Ketone Petroleum 
Zirconium-93 Mercury Perchloroeth y lene Products 
Niobium-94 Vanadium Trans -1,2- Thiourea 
Tcchnctium-99 Dichloroethene 
Palladium-! 07 Trichloroethene 
Cadmium-113 Xylencs 
Antimony-125 
lodinc-129 
Ccsium-134 
Ccsium-137 
Samarium-151 
Europium-152 
Europium-154 
Radium-226/228 
U ranium-235/238 
Plutonium-238 
Plutonium-239/240 
Plutonium-241 
Americium-241 

Note: Docs not include suspect contaminants . Refer to Section 2.0 for breakdown of contaminants of concern by 
media. 
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Table 2. Potential Federal and State ARARs for the 100 Area 

CHEMICAL SPECIFIC ACTION SPECIFIC LOCATION SPECIFIC 

Safe Drinking Water Act Clean Air Act Oean Water Act 

Clean Water Act Resource Conservation and National Flood Insurance 
Recovery Act (RCRA) Program 

State of Washington Clean Water Act Endangered Species Act 
Ground Water Quality 
Standards 

Model Toxics Control Hazardous Waste RCRA 
Act Management Act 

Clean Air Act Water Pollution Control Bald Eagle Protection 
Act Rules 

Model Toxics Control Act 

State air pollution 
regulations 

Note: To-be-considered materials (TBCs) are not included. Additional ARARs are 
presented in Section 3.0 and Appendix B. 
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TECHNOLOGY/PROCESS NO INSTITUTIONAL CONTAINMENT REMOVAL/ DISPOSAL IN SITU REMOVAL/ 
OPTION ACTION ACTION ACTION ACTION TREATMENT TREATMENT/ 

ACTION DISPOSAL 
ACTION 

I ALTERNATIVE NUMBER II SW-1 I SW-2 I SW-3 I SW-4 I SW-5 I SW-6 I SW-7 I SW-8 I SW-9 I SW-10 I 
Monitoring ( JOO Area • • • • 
Groundwater) 

Access Restrictions • 
""" ~ 
O" 

Deed Res I rict ions • -('t) 
Run -on/Run -o ff Contro l • ~ 

,_. 
Ca ppin ~: Hanford Barrie r • • • • • • 0 

0 

Capping: RCRA Mult i-media • • • • ~ 
Cap ('t) 

t1 ~ 

Removal: Excavation/Demolition • • • • • 
Onsite Disposal: Vault , Trench • • • 
Onsite Disposal: Vault , RCRA- • 
Type:: Landfi ll 

~ 0 
..... t:1~ 
('t) 

~~ 
.., 
= ~ I ..... tJ;j \0 -· N < I 
('t) ,_. 
{I) ,_. 

Offs ite Disposal • o' .., 
Phys ical T reatment : Dynamic • 
Compaction 

er, 
0 --· c:i. 

Stabilization/Solid ification: • • 
Vibration-Aided Grout Injection ~ 

~ 
{I) 

Treatment: Thermal Desorption • ..... 
('t) 
{I) 

T reatment : Size Reduction by • 
Compaction 

Stabilization/Solidification: • 
Cement-based 

Treatment: Incineration • 
Stabilization/Solidification: • 
Bitumen-based 

• Indicates technology/option is selected for the alternative 
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TECHNOLOGY /PROCESS NO ACTION INSTITUTIONAL CONTAINMENT IN SITU REMOV AUl'REA TM ENT/ 
OPTION ACTION ACTION TREATMENT DISPOSAL ACTION 

ACTION 

I ALTERNATIVE NUMBER II GW-1 I GW-2 I GW-3 I GW-4 I GW-S I GW~ I 
Monitoring • • • • • 
Water-rights Restrictions • 
Deed Restrictions • 1-3 

~ 
O"' 

Alt crnale Watcr Supply • ;-
Vcrtica l Barricr: Slurry Walls • ~ -ll yd raulic Control: Extraction Wclls • 0 

0 

Bio logica l Trcatment : • • • 
Bio<lcnitrifica tion 

~ 
(D 

tJ ~ 

Physical Treatment: In Situ Air • 
Stripping 

Remova l: Extraction Wells • • 
Chemica l Treatment : Chem. • 
Oxidation 

~ 0 - tJ 91 
(D 

fil, ~ ~ 
~ I - to \0 -· N < I 
(D ...... r,, ...... 

Chemical Treatment : Precipitation • o' .., 
Chemical Treatment : Chemical • 
Reduct. 

Ci .., 
0 
c:: 
::s 

Physical Treatment : Media • • 
Filtration 

0. 
~ 
~ -(D 

Physical Treatment : Ion Exchange • .., 
Stab./Solidif. : Cement-based • • 
Disposal: Reinjection into Aquifer • 
Physical Treatment : Air Stripping • 
Physical Treatment: Forced • 
Evaporation 

Physical Treatment: Reverse • 
Osmosis 

Disposal : Crib Disposal • 

• Indicates technology/option is selected fo r the alternative 
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TECHNOLOGY/PROCESS OPTION NO INSTITUT. CONTAIN . REMOVAL/ IN SITU REMOVAL/ 
ACTION ACTION ACTION DISPOSAL TREATMENT TREATMENT/ 

ACTION ACTION DISPOSAL 
ACTION 

I ALTERNATIVE NUMBER I SS-1 SS-2 SS-3 SS-4 SS-5 SS--6 SS-7 SS-8 SS-9 SS- 10 SS-11 

i-3 
Monito ring (100 Area Groundwate r) • • • • • "' O' -Access Restrictions • ro 

~ 
Deed Restrictio ns • 

~ 
0 

R11 11 -o n/ R11n-o ff Cont ro l: Grad ing, • 0 

Di vc rsi,>nlco llcc tion, Revcgeta tion ~ 
ro 

Ca ppin g: ll a nf,ml Ba rrie r • • • • • "' 
Ca ppi ng: RC RA M11lti -med ia Cap • • • • ~ .... 

ro 

R..:11 1llva l: Exe a va t illn/ Derrn > I it ion • • • • • 

Onsi te Disposal: Vault , Trench • • • 
Onsit e Disposa l: Vault , RCRA-Type • 
Landfi ll 

.., 
t:J = t,:, 0 ... 

0~ <" ro @ ~ ' -~ 

o' 
:::i, 
Cd '-D .., N 

O ffs it e Disposa l • • r.n I ....... 
0 ....... .... -Bio logical T reatment : Biodenitrification • • --...... 
~ 
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Table 6. Phase II Screening Results: Recommended Alternatives Page 1 of 2 

Media Retained Description 
Alternative 

Solid Waste SW-1 No Action General Response: No Action 

SW-2 Institutional Controls General Response: Access/Deed 
Restrictions 

SW-3 Containment Response: Run-on/run-off Control; Hanford 
Barrier/RCRA Multi-media Cap 

SW-4 Removal/Disposal Response: Excavation/Demolition; 
Vault/Trench Disposal; Hanford Barrier/RCRA Multi-
media Cap 

SW-7 In situ Treatment Response: Dynamic Compaction; 
Vibration-aided Grout Injection; Hanford Barrier/RCRA 
Cap 

SW-9 Removal/Treatment Disposal Response: 
Excavation/Demolition; Thermal Desorption; Compaction; 
Cement Based Stabilization/ Solidification; Vault/Trench 
Disposal; Hanford Barrier 

Groundwater GW-1 No Action General Response: No Action 

GW-2 Institutional Controls General Response: Water 
Rights/Deed Restrictions; Alternate Water Supply 

GW-3 Containment Response: Slurry Walls; Extraction Wells 

GW-4 In situ Treatment Response: Biodenitrification; Air 
Stripping 

GW-5 Removal/Treatment/Disposal Response (based on chemical 
treatment): Extraction Wells; Biodenitrificatlon; Chemical 
Oxidation; Chemical Precipitation; Chemical Reduction; 
Media Filtration; Ion Exchange; Cement-based 
Stabilization/Solidification; Aquifer Reinjection 

GW-6 Removal/Treatment/Disposal Response (based on physical 
treatment): Extraction Wells; Biodenitrification; Media 
Filtration; Reverse Osmosis; Evaporation; Cement-based 
Stabilization/Solidification ; Crib Disposal 
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Table 6. Phase II Screening Results: Recommended Alternatives Page 2 of 2 

Retained Description 
Alternative 

Soils/ · SS-1 No Action General Response: No Action 
Riverbank 

SS-2 Institutional Controls General Response: Access/Deed Sediments 
Restrictions 

SS-3 Containment Response: Run-on/run-off Control; Hanford 
Barrier/RCRA Cap 

SS-4 Removal/Disposal Response: Excavation/Demolition; 
Vault/Trench Disposal; Hanford Barrier/RCRA Multi-
media Cap 

SS-8 In situ Treatment Response: In situ Vitrification 

SS-10 Removal/Treatment Disposal Response: 
Excavation/Demolition; Thermal Desorption; Soil 

, ' Washing By Attrition Scrubbing; Vitrification 
Stabilization/Solidification; Vault/Trench Disposal; 
Hanford Barrier 
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ACRONYMS 

As Low As Reasonably Achievable 
alkali metal/polyethylene glycols 
applicable or relevant and appropriate requirement 
Clean Air Act 
Comprehensive Environmental Response, Compensation, and Liability Act 
Code of Federal Regulations 
CERCLA past-practice 
Columbia River Basalt Group 
Community Relations Plan 
continuously stirred continuous flow 
Cancer slope factor 
Clean Water Act 
Decontamination and Decommissioning 
dry-active waste 
Department of Energy 
Data quality objective 
Defense Waste Processing Facility 
Washington Department of Ecology 
ethylenediaminetetraacetic acid 
extraction procedure 
Environmental Protection Agency 
focused feasibility study 
feasibility study 
Greater confinement disposal 
general response action 
Health Effects Assessment Summary Tables 
high-level waste 
Hanford Meteorology Station 
hazard quotient 
Hanford Site Baseline Risk Assessment Methodology 
Hazardous and Solid Waste Amendments 
Hazardous Waste Management Act 
Hanford Waste Vitrification Plant 
Integrated Risk Information System 
interim remedial measure 
loose cubic feet 
Land disposal restrictions 
limited field investigation 
low-level waste 
million years ago 
maximum contaminant level 
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MCLG 
MTCA 

. NCP 
NPDES 
NPL 
NTS 
OU 
PCB 
PNL 
R&D 
RA 
RAAS 
RAO 
RCRA 
RCW 
RF 
RID 
RFI/CMS 
RI 
RI/FS 
ROD 

en RPP 
r--..~ SARA 0"") 
~ SDWA * er; SITE -
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TRU 
TSCA 
TSD 
UIC 
UMTRA 
UNC 
UST 
voe 
WAC 
WHC 
WIDS 
WIPP 
WPPSS 
WVDP 
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ACRONYMS (cont) 

maximum contaminant level goal 
Model Toxics Control Act 
National Contingency Plan 
National Pollutant Discharge Elimination System 
National Priorities List 
Nevada Test Site 
operable unit 
polychlorinated biphenyl 
Pacific Northwest Laboratory 
research and development 
risk assessment 
Remedial Action Assessment System 
remedial action objective 
Resource Conservation and Recovery Act 
Revised Code of Washington 
radio frequency 
Reference dose 
RCRA Field Investigation/Corrective Measures Study 
remedial investigation 
remedial investigation/feasibility study 
Record of Decision 
RCRA past-practice 
Superfund Amendments and Reauthorization Act 
Safe Drinking Water Act 
Superfund Innovative Technology Evaluation 
shallow soil mixing 
to-be-considered 
Tri-Party Agreement (Hanford Federal Facility Agreement and Consent Order) 
transuranic 
Toxic Substances Control Act 
treatment, storage and disposal 
Underground injection control 
Uranium Mill Tailings Radiation Control Act 
United Nuclear Corporation 
underground storage tank 
volatile organic compound 
Washington Administrative Code 
Westinghouse Hanford Company 
Waste Information Data System 
Waste Isolation Pilot Plant 
Washington Public Power Supply System 
West Valley Demonstration Project 
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1.0 INTRODUCTION 

Four are.as of the Hanford Site (the 100, 200, 300, and 1100 Are.as) have been 
included on the Environmental Protection Agency's (EPA) National Priorities List (NPL) 
under the Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA). The location of these are.as is shown in Figure 1-1. Under the Hanford Federal 
Facility Agreemem and Consem Order (Tri-Party Agreement (TPA)), signed by the 
Washington State Department of Ecology (Ecology), the U.S. EPA, and the U.S. 
Department of Energy (DOE) (Ecology et al. 1989), more than 1,000 inactive waste disposal 
and unplanned release sites have been grouped into source and groundwater operable units. 
These operable units contain contamination in the form of solely hazardous waste, solely 
radioactive waste, radioactive mixed waste, and other CERCLA hazardous substances. Also 
included within the TPA are 64 Resource Conservation and Recovery Act (RCRA) treatment, 
storage, or disposal (TSD) units which will be closed or permitted to operate in accordance 
with RCRA regulations under the authority of Chapter 173-303 of the Washington 
Administrative Code (WAC). Some of these TSD units are included within the operable 
units (OU). 

The parties to the TPA intend to integrate DOE's CERCLA response obligations and 
RCRA corrective action obligations. The EPA maintains authority for CERCLA, and 
Ecology implements RCRA under the authority of the state's dangerous waste program. The 
state has also received authorization to implement the EPA' s radioactive mixed waste 
program. The state does not yet have authority to implement the most recent amendments to 
RCRA, the Hazardous and Solid Waste Amendments (HSWA); this authority remains under 
EPA. The EPA and Ecology have determined that the EPA guidance for conducting a 
remedial investigation/feasibility study (RI/FS) under CERCLA may be used at the Hanford 

. Site in the performance of a RCRA facility investigation/corrective measures study 
(RFI/CMS). Therefore, although RCRA terminology has been used where appropriate, the 
content and format of this feasibility study report conform to EPA guidance for CERCLA 
activities, even though the results of the studies may be applied to RCRA past practice 
operable units or to RCRA TSD units. 

Since the signing of the TP A in 1989, the parties to the agreement have recognized 
the need to modify the approach to conducting investigations and studies at Hanford with a 
goal of maximizing efficiency, optimizing use of limited resources, and achieving cleanup in 
the earliest possible time frame. To imple111ent this approach, the parties have jointly 
developed The Hanford Site Past-Practice Strategy (DOE-RL, 1991d). This strategy 
document describes the concepts and framework for streamlining the investigation and 
remedial study process in a manner that promotes a "bias-for-action" through optimizing the 
use of interim remedial actions, culminating with decisions on final remedies on both an 
operable-unit and aggregate-area scale. The principles of the strategy are embodied in the 
Hanford Federal Facility Agreement ana Consent Order Change Package, dated May 13, 
1991 (Ecology et al., 1991). 

An important aspect of the past practice strategy and the associated TP A change 
package recognizes that the Hanford Site presents a number of unique circumstances that call 
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for innovative approaches to conducting investigations and feasibility studies. The 100 Areas 
have been divided into 25 OUs based largely on location. While these units are separated 
geographically, they all contain sites which are very similar with regard to types of 
contaminants and methods of disposal. Consequently, the past practice strategy as applied to 
the 100 Area defines an aggregate approach to evaluate groups of sites based on their 
similarity, as opposed to their geographical location and operable unit designation. Thus the 
1991 TPA change package mandates that, rather than performing separate feasibility studies 
for each of the 100 Areas OUs, the feasibility studies should evaluate remedial alternatives 
for the entire 100 Area. To meet this objective, the change package called for three "base" 
reports which would consider: 1) source operable units (except 100-N Area), 2) groundwater 
operable units, and 3) the 100-N Area, as it is distinctly different from the other 100 Areas. 

The 100 Area feasibility study presented in this document meets the objectives of the 
change package, however, the approach is further streamlined by condensing the "base" 
studies into a single document to avoid duplication of common information, while providing 

· separate sections to address definition of remedial alternatives by either media or area. This 
not only reduces the cost of document preparation, but also shortens the review times and 
reduces the potential for document inconsistencies as a results of separate reviews. This 
document separates the studies by three media: solid wastes, soil/riverbank sediments, and 
groundwater. Riverbank sediments are that portion of the vadose zone, on the shore of the 
river, which are contaminated as a result of fluctuating groundwater levels near the river. 
Additionally, the 100-N Area is treated as a separate site based on its somewhat unique 
characteristics making a total of four types of sites or units evaluated in the remedial 
alternative evaluation process. 

This 100 Area Phase I/II FS is built around existing data. In a typical RI/FS, the 
Phase I/II FS is not completed until the RI Phase I is complete, although the Phase I/II FS is 
often started while the Phase I RI is being conducted. However, for the 100 Area, the size 
of the existing site characterization database is larger than the end result of many Ris and is 
adequate for identifying and screening remedial alternatives. Use of existing data to initiate 
and expedite the FS process is consistent with the past practice strategy. New site 
characterization data, while important for later detailed analysis, would not likely affect the 
outcome of the alternatives development and screening phases. Finally, waiting for LFI data 
to start the FS process would cause unacceptable schedule delays in starting subsequent 
programs such as treatability studies. 

The 100 Area feasibility study presented in this document completes the FS process 
only through the first two study phases: Phase I, Remedial Alternatives Development, and 
Phase II, Remedial Alternatives Screening. This Phase I/II study is intended to provide a 
more generalized view of applicable and workable remedial technologies as applied to the 
site contamination problems as a whole. After collection of more site-specific data for each 
OU, focused feasibility studies would then be performed. These studies would either select 
interim remedial measures or select final remedies, depending upon the stage of remediation 
being evaluated. Thus each focused FS constitutes the detailed analysis phase which 
completes the FS evaluation process for the targeted remedial action. In addition to the 
screened alternatives evaluated in this document, the detailed analysis phases of subsequent 
FSs would integrate the results of area-wide studies such as river impact, shoreline, 
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ecological, cultural resources, treatability , and background studies; as well as , information 
from OU-specific limited field investigations (LFI) and risk assessments (RA) . 

1.1 PURPOSE AND SCOPE 

The purpose of this Phase I/II feasibility study is to develop and screen a range of 
alternatives for remediation of 100 Area contamination present in solid wastes, 
soils/riverbank sediments, and in groundwater. Remedial alternatives for the 100-N Area are 
to be addressed separately. 

Surface water, including the Columbia River, and air contamination are not within the 
scope of this study. 

The scope of work for this FS includes four primary tasks: 

1. Identify contaminants of concern for each media 

2. Identify applicable or relevant and appropriate requirements (ARARs) pertinent 

3. 

4. 

to all general response actions (including waste disposal acceptance criteria) 

Develop remedial alternatives (Phase I) applicable to the 100 Area including 
development of remedial action objectives (RAO) , development of general 
response actions (GRA) , identification and screening of technologies and 
process options, and assembly of remedial alternatives, from representative 
technology types 

Screen alternatives (Phase II) developed in Phase I for implementability, 
effectiveness, and costs to identify those alternatives which warrant 
advancement to the detailed analysis phase of future focused feasibility studies. 

Feasibility studies presented in this document are performed in accordance with EPA 
guidance contained in Guidance for Conducting Remedial Investigations and Feasibility 
Studies Under CERCLA , (EPA 1988a). 

Key assumptions for preparation of this document are given as follows: 

• Performance of the tasks described above are based on existing site data, 
primarily as documented in the eleven draft 100 Area OU RI/FS work plans 
issued previously (DOE 1990a-e; 199la-t), and supplemented by existing data 
given in other documents for sites not covered by draft work plans. New 
sampling or monitoring data produced as a result of current site investigations 
were unavailable to meet the FS schedule and are therefore, not incorporated. 

• All sites in the 100 Area are categorized within one of the four types of sites 
identified for this project (solid wastes, soils/ riverbank sediments , 
groundwater, and the 100-N Area). In addition , remedial alternatives which 
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could be used to address potentially contaminated river bottom sediments and 
river pipelines are developed in Appendix F . 

• Sampling and monitoring data reported in source documents are assumed to be 
of adequate quality to support the FS. 

1.2 ORGANIZATION OF REPORT 

Seven sections are included in this report, including this introduction. 

Section 1.3 summarizes information on background and existing data, including: 

• A history of 100 Area operations and descriptions of facility characteristics 
and waste generating processes 

• Nature and extent of contamination in the media of concern. 
• Physical setting including such aspects as geology, hydrogeology, 

meteorology, environmental resources, etc. 

The information in this section represents a summarized compilation of data obtained 
from work plans and other source documents and is not intended as a comprehensive 
documentation of data or details. The intent of this section is to summarize the information 
in sufficient detail to support the discussion and evaluation of remedial alternatives. 

Section 2.0 of the report provides an assessment of contaminants of concern for the 
100 Area. 

Section 3.0 documents the potential ARARs. 

81 Section 4.0 documents the Phase I effort to identify and screen remedial technologies 
and process options. This section also identifies remedial action objectives and general 
response actions and provides estimates of areas and volumes of contaminated materials. 

Section 5.0 documents the Phase II effort to 1) assemble screened technologies and 
process options into area-wide alternatives and 2) .to screen the alternatives with respect to 
implementability, effectiveness, and cost to arrive at a list for advancement to future focused 
feasibility studies. 

Section 6.0 discusses development of a Treatability Study Program Plan for 
conducting treatability studies needed to support further analysis and design of remedial 
systems. This section also provides an outline of the RI/FS steps needed to advance the 
feasibility study process through future detailed analysis efforts to be conducted as part of 
focused FSs for interim remedial measures (IRM) and final FSs for OUs. 

Section 7.0 documents report references. 

Appendices to this report include: 
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• Appendix A - Identification of Contaminants of Concern 

• Appendix B - Identification of Potential ARARs 

• Appendix C - Descriptions of Remedial Technologies and Process Options 

• Appendix D - 100 Area Contaminated Soil and Groundwater Volume 
Estimations 

• Appendix E - 100 Area Waste Units . 

• Appendix F - Remedial Alternatives Development for River Bottom Sediments 
and River Pipelines 

1.3 BACKGROUND/SUMMARY OF EXISTING DATA 

1.3.1 100 Area Description 

1.3.1.1 Location. The Hanford Site is a 560 mi2 (1 ,434 km2
) tract of land located in the 

south-central portion of the State of Washington in Adams, Benton , Franklin, and Grant 
Counties. The 100 Area lies along the southern shoreline of the Columbia River at the north 
end of the Hanford Site (see Figure 1-1). 

Identifying numbers were given to the buildings and facilities in the 100 Area. These 
are summarized as follows (Adams et al. , 1984): 
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FACILITY CATEGORIES 

FACILITY 
DESIGNATION 

105 

116 0iquid) 
118 (solid) 

107 
1904/1908 

1608 

103 

108 
115 
116 
117 
119 

1706 

FACILITY FUNCTION 

Housed reactor and fuel 
storage basin (irradiated) 

Inground disposal of liquid 
and solid wastes 

Retention basins 
Outfall structures 
Pumping stations 

Fuel element storage 
building (unirradiated) 
Laboratory 
Gas recirculation buildings 
Reactor stacks 
Exhaust filter buildings 
Exhaust sample buildings 
Reactor loop testing facility 

1.3.1.2 History of Operations. Between 1943 and 1962, nine water-cooled, graphite
moderated plutonium production reactors were built along the shore of the Columbia River 
upstream from the now-abandoned town of Hanford. Eight of these reactors (B, C, D, DR, 
F, H, KE, and KW) have been retired from service and are under evaluation for 
decommissioning. The ninth reactor, N, was recently taken out of standby status and will be 
retired. Table 1-1 lists the construction date, period of operation, and status of each reactor. 
In some of the reactor areas, after the reactor was retired from plutonium production service, 
the ancillary facilities were used as laboratories for special studies or for storage/treatment 
purposes. Post-production activities are listed in Table 1-2. 

1.3.1.2.1 Reactor Components (Excluding 100-N). The principal components of 
the original eight reactors consist of the reactor, the reactor cooling water loop, the reactor 
gas and ventilation system, and the irradiated fuel handling system. Each of these systems is 
briefly described below. 

Reactor. Each reactor was graphite moderated and cooled with water pumped 
through on a single-pass basis. The reactor moderator stack consisted of graphite blocks, 
some of which were cored to provide channels for process tubes, control and safety rods, and 
other equipment. Aluminum process tubes held the aluminum-clad, uranium-metal fuel 
elements and provided channels for cooling water flow (Irradiation Processing Department 
1963). Boron was the primary neutron absorber used in control and safety rods. The initial 
reactor design included a third safety system which used a tank filled with a boron solution 
suspended above the reactor. Aluminum sleeves, called thimbles , were inserted into the 
channels to protect the graphite from the boron. 
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After a few years of operation , the boron system was redesigned to utilize hoppers 
containing 3/8-inch (0.95 cm) nickel-plated boron balls instead of the liquid boron system 
(Irradiation Processing Department 1963). The balls emptied into the vertical safety rod 
channels when reactor shutdown was required. A vacuum system removed the balls when 
the reactor went back on-line. 

Reactor Cooling Water Loop. Figure 1-2 presents a simplified process flow 
diagram for the original eight reactors. Cooling water for the reactor was pumped from the 
Columbia River to a water treatment facility either directly or via a reservoir. Additives, 
listed ·in Table 1-3, were introduced to the river water which then passed through flocculators 
to settling basins where an organic polyelectrolyte was added as a filter aid. The water was 
filtered through beds of gravel, sand, and crushed anthracite coal and stored in clearwells. 

The treated water was pumped to large-capacity storage tanks where about 2 ppm 
sodium dichromate was added as a corrosion inhibitor (Richards 1953). The water from the 
storage tanks was then pumped via electric pumps to the reactor. The water at that point 
contained residues of alum, sulfate, chlorine, calcium, sodium dichromate, electrolyte, and 
other impurities. 

The heated water passed from the reactor to a retention basin by gravity flow. The 
water was retained in the basin for a time sufficient to permit partial thermal cooling and 
radioactive decay of short-lived radionuclides. The water then flowed from the retention 
basin via the outfall structure and river pipelines where it was discharged to the middle of the 
river. The outfall structure contained a concrete or rip-rap spillway to divert the water to the 
river in case of an overflow . 

A backup cooling system was provided by river water which was kept in a holding 
reservoir. This water was normally used to supply the powerhouse; however the water could 
be pumped to the water treatment facility or, in cases of emergencies, directly to the reactor . 
Steam was generated in the coal-fired powerhouse where the water was treated (to reduce 
formation of boiler scale) with sodium sulfite and trisodium phosphate and was subsequently 
passed through an ion exchange system1

• 

Reactor Inert Gas and Ventilation Systems. The inert gas system was used to 
remove moisture and foreign gases, to serve as a heat transfer media between the graphite 
and process tubes, and to detect water leaks within the reactor. The reactor atmosphere was 
a mixture of helium with carbon dioxide or nitrogen. The composition of the gas mixture 
was varied to control the graphite temperature which in turn influenced reactivity conditions 
(Chattin and Powers 1985). 

Irradiated Fuel Handling. Refueling occurred about once a month for about 10 
percent of the process tubes in the reactor. Irradiated fuel elements removed from the 
reactor were sorted in a pickup chute area and transferred to the fuel storage basin for 
radioactive decay. Following the storage decay period , the fuel elements were placed in 

1 Sodium chloride was used as the regeneration solution for the ion exchange system 
(Irradiation Processing Department 1963 ). 
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railroad cask cars for transport to the chemical reprocessing facilities in the 200 Areas 
(Miller and Steffes 1987). 

1.3.1.2.2 100-N Reactor· Components. 100-N Reactor. The .100-N reactor was a 
graphite moderated, light-water-cooled reactor and the newest of the 100 Area reactors. Its 
design and operation differ substantially from the other plutonium production reactors. 
Unlike the other eight single-pass reactors, the 100-N reactor was a dual purpose reactor 
which produced steam for electricity generation as well as plutonium. The 100-N reactor did 
not use once-through cooling as did the other eight production reactors. Instead water was 
recirculated through the reactor and steam generators. 

The reactor core was a structure of interlocking graphite bars containing zirconium 
alloy pressure tubes which held the zirconium alloy-clad, uranium-metal fuel elements. 
Reactivity was controlled by horizontal control rods and the vertical ball system. Boron was 
the primary neutron absorber used in the rods and balls. 

100-N Reactor Cooling Water Loop. Figure 1-3 presents a simplified process flow 
diagram for the 100-N reactor cooling water loop. Untreated water from the Columbia River 
was supplied to the emergency coolant pumps, dump condensers, and the water treatment 
facility. The water treatment system produced raw, sanitary, and demineralized water. Raw 
water received no treatment other than straining; all other water was passed through a 
filtration plant where coagulant chemicals and small amounts of chlorine were added. A 
filter aid was added and the water passed through gravity filters which consisted of layers of 

:;;1"-
0"") gravel, sand, and granulated anthracite. 
("lt'j 

* en --c:l 
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Treated water from the demineralizer plant was stored in a holding tank. Its uses 
included the reactor (graphite and shield), and rod coolant systems as well as the secondary 
water system. 

The secondary steam system removed the reactor heat from the primary cooling 
water. During operation solely for production of special nuclear materials, the major portion 
of this steam was routed to dump condensers. During dual purpose operation, the major 
portion of the generated steam was routed to the Washington Public Power Supply System 
(WPPSS) Hanford Generating Project for production of electricity, through steam turbines 
and condensers. The secondary steam system was closed-loop, i.e., the condensed steam 
was returned to the steam generator. 

Reactor Inert Gas and Ventilation Systems. The inert gas system in the N reactor 
was similar to the systems used in the other production reactors. 

Irradiated Fuel Handling. Irradiated fuel elements removed from the reactor were 
moved to the storage basins for short term radioactive decay then placed in rail-mounted 
shipping casks for transport to reprocessing or storage facilities. 

1.3.1.2.3 Decontamination and Decommissioning. To reduce the potential spread 
of radioactive contamination from the reactors and associated facilities, DOE began a 
program of decontamination and decommissioning (D&D) of buildings and facilities after the 

1-8 



DOE\RL-92-11 
Draft B 

reactor facilities were retired. Most of the contaminated buildings and facilities have been 
demolished and were buried in place, in the clearwells, or taken to the 200 Areas for burial. 
Clean wooden buildings and equipment were salvaged and uncontaminated buildings were 
converted for new programs or storage. In some instances, new buildings were constructed 
over the demolished building locations. 

A photographic summary of D&D activities is presented in Summary of the Hanford 
Site Decontamination, Decommissioning, and Cleanup FY 1974 Through FY 1990 (Wahlen 
1991). The decommissioning plans for the 100 Area are presented in the Hanford 100 Area 
Long-Range Decommissioning Plan (Adams, et al. , 1984). 

1.3.1.3 100 Area Facility Characteristics and Contamination (excluding N Reactor). 
Waste units included in this FS are listed in the tables in Appendix E. 

1.3.1.3.1 Effluent Handling. Facilities used in the handling of cooling water 
effluent included retention basins, pipelines, and outfall structures. 

Retention Basim. The 100 Area retention basins were rectangular concrete or 
circular steel structures used to retain cooling water effluent from the reactor for radioactive 
decay and thermal cooling prior to discharge to the river. The basins ranged in capacity 
from 16 to 24 million gallons (DOE-RL 1991a). Some of the basins were baffled to provide 
separate compartments. In initial operations, effluent was directed to only one side of the 
basin at a time which allowed effluent contaminated by ruptured fuel elements to be diverted 
to other disposal facilities such as cribs and trenches. However, temperature differentials 
between the basin halves resulted in cracks and subsequent leakage. This leakage, coupled 
with increased production rates, forced simultaneous use of the retention basin compartments. 
This in tum precluded routing the more highly contaminated effluent to alternate disposal 
sites. Therefore all effluent was discharged directly to the river. Some of the retention 
basins were partially demolished and the rubble buried in-place after the Dorian and Richards 
study. The basins have also been used for disposal of contaminated piping and other 
demolition materials. 

Some of the retention basins leaked, in some cases enough to produce surface ponds 
and streams that flowed to the river. This leakage resulted in contamination of soils adjacent 
to the basins. In addition , contaminated sludge was deposited on the basin floors and 
represents a significant source of contamination . The following summarizes the nature and 
extent of radionuclide contamination at the retention basins (Dorian and Richards 1978): 

• Each retention basin contains from 1/4 inch to 3 inches of sludge covered by 
two to four feet of soil fill. 

• Total radionuclide inventories for the B, C, D, DR, F , H, KE, and KW 
retention basins range from less than l O curies for each of the K Area basins 
to over 400 curies for the B Area basin. 

• For the B and C retention basins, approximately 90 % of the contamination is 
located outside the basin in the soils beneath and adjacent to them. 
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• For all the reactors, Cesium-137, Cobalt-60, Europium-152, Europium-154, 
and Europium-155 account for approximately 97% of the radionuclide 
inventory located outside the retention basins. 

• For the D, DR, F, and H basins, approximately 75 % of the contamination is 
contained inside the basins in the sludge, the soil fill, and the concrete. 

• For all the reactors, Cobalt-60, Europium-152, Europium-154, and Nickel-63 
account for approximately 94 % of the radionuclide inventory located within 
the retention basins. 

• The KE and KW retention basins are much less contaminated than the others 
and have total inventories less than 10 curies each; approximately 85 % of this 
contamination is located in soils adjacent to the basins. 

Table 1-4 provides typical inventories for the areas of contamination related to the 
retention basins: basin sludge, basin fill, concrete, and surrounding areas. 

In addition to radionuclide contamination, the basins may be contaminated with 
chemical constituents used as additives in the cooling water. A major contaminant is 
chromium which was used extensively in the 100 Area. Table 1-5 lists contaminant 
concentration ranges for the basins. 

Pipelines. Effluent pipelines ran from the reactors to the retention basins, from the 
retention basins to the outfall structures, and from the outfall structures to the discharge point 
in the middle of the Columbia River. The 100 Area contained approximately 62,000 feet of 
effluent pipeline ranging in size from 12 to 84 inches in diameter (Adams, et al., 1984). The 
pipelines were constructed of carbon steel, reinforced concrete, or sometimes vitreous tile. 
The pipelines included manholes, junction boxes, tie-lines between parallel legs, and valves. 
Most of the on-land pipelines were buried although a portion of the effluent line in the 100-F 
Area was above-ground. This above-ground portion has been removed and placed in the 
116-F-14, 107-F retention basin. The remaining land portions of the 100 Area effluent lines 
are still in place. Junction boxes have been sealed or filled with gravel and the effluent lines 
were sealed to prevent entry. The river pipelines are still in place except at F Area; 
approximately 50 feet of pipe has been dislodged and washed downstream. 

Leaks occurred along the pipelines, mainly at the junction boxes of all the steel and 
concrete lines and the rubber joints of the tile lines. Contamination associated with the 
effluent lines is primarily in these leakage areas and in the accumulated sludge in the pipes. 
Radionuclide and chemical contaminants in the effluent lines and leakage areas are presumed 
to be the same as shown for the retention basins in Table 1-5. 

Outfall Structure. Outfall structures were compartmentalized boxes used to direct 
the liquid effluent from the retention basin to the river pipelines for discharge to the middle 
of the Columbia River. The structures were constructed of reinforced concrete with concrete 
or rip-rap spillways (spillways were used only in case of overflow). With the exception of 
the structure at the 100-K Area, all the outfalls were 27 feet long by 14 feet wide with walls 
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one foot above grade and 25 feet below grade. The 100-K Area outfall was 30 feet long by 
40 wide with 30 foot walls above and below grade (DOE-RL 1991a). Most of the outfalls 
have been demolished to near-grade level and backfilled. An outfall structure in the F Area, 
the PNL outfall, was used by the Pacific Northwest Laboratory (PNL) for disposal of wash 
wastewater from the animal pens. Contaminants include strontium-90 and small amounts of 
cesium-137 and plutonium-239 (DOE 1991d). 

Effluent was normally discharged via the outfall and river pipelines; however effluent 
discharges sometimes overflowed the outfall structure and exceeded the capacity of the 
spillways resulting in contamination of surrounding soils down to the river's edge. The 
residual radionuclides and chemical contaminants associated with the outfalls are presumed to 
be the same as those listed in Table 1-5 for the retention basins. 

1.3.1.3.2 Liquid Waste Disposal. Liquid waste was disposed to the soil column 
through cribs, trenches, and French drains. Cooling water was routinely discharged to the 
river; however, during fuel cladding rupture events, the water was diverted to cribs and 
trenches for disposal to the soil column. This practice avoided direct disposal of transuranics 
to the river. 

Site characterization activities were conducted in the 1970s by Dorian and Richards 
(1978). The characterization effort was aimed primarily at the liquid waste disposal facilities 
with lesser efforts expended on the solid waste disposal facilities. Samples were taken from 
the surface and at depths varying from 5 to 25 feet. Sample analysis was conducted 
primarily for radionuclides. Contamination information pertinent to liquid waste disposal 
facilities is summarized in Table 1-6. Based on the information obtained during this effort, 
the following generalizations can be made concerning the 100 Area liquid waste disposal 
facilities: 

• The principal radionuclides in these facilities are generally: 
Cobalt-60 
Cesium- 137 
Strontium-90 
Europium-152 
Europium-154 
Europium-155 

• The radioactive waste is generally confined to within five to twenty feet below 
the facility. 

• Plutonium-239/240 concentrations are generally less than 1 pCi/g but range as 
high as 1500 pCi/g at the l 16-C-2C pluto crib sand filter. Plutonium-238 
concentration at the sand fi lter is as high as 1600 pCi/ g. 

Cribs. Cribs were buried , generally rock-filled, structures. Early cribs were 
typically open-bottomed, buried boxes, constructed from ti mbers , which ranged in area from 
100 to 200 square feet. Some of these timbered cribs had associated tile fields for overflow. 
Some were provided with a secondary cavity to handle overflow. The 116-C-2 crib was 
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much larger than the other cribs, 140 feet by 100 feet at the bottom, and were provided with 
a sand filter. Figure 1-4 shows a typical crib with a tile drainage field (Adams et al. 1984). 
Interviews with operations personnel suggest that this schematic may not accurately represent 
certain cribs. Some of the 100 Area cribs may have been excavated pits which received 
waste through fire hoses. 

Often a crib was dedicated to a specific building or process, and thus received a 
relatively uniform flow. Cribs can generally be categorized by the type of service provided. 
All data were obtained from Dorian and Richards 1978 or DOE-RL 1991a. Radionuclide 
quantities have not been decayed to current time. (Decay of radionuclides will be conducted 
in the LFI and incorporated into the FFS for each OU.) Crib types are listed as follows: 

• Pluto cribs 

• 

Except for the 116-C-2 (105-C) pluto crib, these cribs were generally small, 
approximately lOxlOxlO feet (Dorian and Richards 1978), and were operated 
for short time periods only (less than two years). The pluto cribs received 
effluent from individual process tubes following fuel cladding failures. 

The 116-C-2A crib was the last crib to be constructed and was approximately 
14,000 square feet in area. Associated facilities included a sand filter and 
pump station. 

Pluto cribs contained radionuclide inventories ranging from less than 0.1 curie 
to 3 curies. The 105-C pluto crib, l 16-C-2A, had an associated sand filter 
and pump station. The sand filter contained contamination two orders of 
magnitude higher than that of the crib and plutonium concentrations up to 1600 
pCi/g. Chromium and other cooling water additives are potential contaminants 
in the pluto cribs. 

Dummy/Perf Decontamination Cribs/Drains 

The dummy/perf decontamination cribs/drains received radioactive liquid 
wastes from the decontamination of dummy fuel element spacers in the 105-F, 
105-H, and 111-B buildings. The cribs ranged in size from 4x8x8 feet to 
12x8x15 feet and the drains were 3 to 4 foot diameter pipes 15 to 20 feet deep 
(DOE-RL 199 la). 

Acids, including nitric, sulfuric, oxalic, hydrofluoric, were used extensively in 
decontamination processes. Therefore, in addition to the radionuclides listed 
in Table 1-6, nitrate and other acid residues are likely contaminants in soils 
and groundwater beneath these cribs. 

• 108 Building Cribs/Drains 

These cribs or underground drains received contaminated liquid effluents from 
the 108 laboratory building operations. The 116-B-5 crib was 84 feet long by 
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15 feet wide by 10 feet deep. The 116-D-3 crib was 3 foot diameter by 5 feet 
deep (DOE-RL 1991a). The 116-B-5 crib had 300 curies of tritium; the other 
108 crib contained less than 0.1 curie of contamination. 

• 115 Building Cribs 

The 115 building cribs were underground drains which received condensate 
and liquid waste from reactor gas purification systems. The crit?s measured 
40x40x26 feet. F.ach crib consisted of a four inch pipe leading into an 8-inch 
corrugated, perforated pipe 10.5 feet long. Two 5.4-ft sections branched off 
at 45 degrees (DOE-RL 1991a). Tritium and carbon-14 were the principal 
radionuclides disposed to these cribs. In 1978, the 116-KW-1 crib contained a 
total of 240 curies (Dorian and Richards 1978). 

• 117 Building Cribs 

The 117 building cribs received drainage from the confinement system 117 
building seal pits. The crib structures ranged from 125 to 1000 cubic feet 
(DOE-RL 1991a). Radioactive effluents disposed to these cribs generally 
contained only short-lived radionuclides. These cribs were released from 
radiological control prior to 1967. 

Several special use cribs are described as follows: 

• 116-F-5, 100-F Ball Washer Crib 

This crib received liquid wastes from the decontamination of the boron-steel 
balls used in the ball 3X system. The crib was 10 x 10 x 10 feet (DOE-RL 
1991a). The crib contained 0.00092 curies; the principal radionuclides present 
included 

Strontium-90, Europium-154 , Europium-155 , and Cesium-137. No plutonium 
was detected. 

• 116-KE-2, 1706-KER Crib 

This crib received radioactive liquid from the cleanup columns in the 1706-
KER loop. The crib was 16 feet long by 16 feet wide by 32 feet deep. A 
wooden crib structure rests within the excavation 3 feet above the bottom. 
The bottom 10 feet are filled with crushed stone and backfilled with soil 
(DOE-RL 1991a). The crib contained 38 curies of Strontium-90 and Cobalt-
60 with a 2.1 pCi/g maximum concentration of Plutonium-239/240. 

• 116-DR-7, 105-DR Inkwell Crib 

This crib received liquid potassium borate solution from the 3X system prior 
to the ball 3X system upgrade. The crib was 5 feet long, 5 feet wide, and 10 
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feet deep (DOE-RL 1991a). The radiological contamination was found to be 
less than 0.1 curie. 

French Drains. French drains were generally gravel-filled, concrete or vitreous day 
pipe. These were 3 to 4 feet in diameter and ranged from 3 to 20 feet deep. French drains 
in the K Area received sulfuric acid sludge from the acid storage tanks. The 120-KE-1 
French drain contains approximately 200 kilograms of mercury. French drains in the other 
areas received liquid wastes from decontamination processes. Drains in the F Area received 
effluent water from botany experiments (DOE-RL 1991a). Like cribs, they were usually 
dedicated to a specific building or process. Inventories for these French drains are 
unavailable (DOE-RL 1991a). 

Trenches. Trenches were generally open excavations with sloped sides. The 
trenches ranged in length from 150 feet to 4000 feet, in width from 10 feet to 400 feet, and 
in depth from 6 feet to 25 feet. Each reactor area used a trench as backup to the retention 
basin when the effluent was too highly contaminated to be released to the river. Most of the 
trenches contain inventories of less than 10 curies. The liquid waste disposal trench at the K 
Area contained a total of 2100 curies with a maximum Plutonium-239/240 concentration of 
130 pCi/g. Types of trenches are described as follows: 

• 

• 

Liquid Waste Disposal Trenches 

The liquid waste disposal trenches received effluent from the retention basins 
during fuel element cladding failures. The trenches ranged in size from 10 by 
150 feet to 50 by 500 feet and in depth from 15 to 25 feet (DOE-RL 1991a). 
The trenches were used in early reactor operations until increased flow and 
leakage forced the parallel use of both sides of the retention basins. With the 
exception of the K Trench, the total contamination ranged from 3 to 79 curies 
with a maximum Plutonium-239/240 concentration of 5.3 pCi/g. Sodium 
dichromate was used extensively as a corrosion inhibitor; therefore chromium 
contamination is expected in these trenches (DOE-RL 1991a). 

K Trench 

The K trench (116-K-2) serviced both K Area reactors . The trench was 4000 
feet long by 45 feet wide by 15 feet deep with a 4 foot bottom width (DOE
RL 1991a). The trench received wastes from all contaminated floor drains in 
the 105 buildings, approximately 500 gallons per minute of overflow from 
each metal storage basin, and an undetermined amount of 107 effluent basin 
leakage from valves in the tank bottoms. Periodic sources of contaminated 
flow to the trench included: 

Low volume neutralized dummy decontamination waste; 
Process cooling water during charge-discharge via metal storage basin 
and cross-under line; 
Approximately 700 gpm metal storage basin flow during charge
recharge; 
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Occasional rear face decontamination wastes diluted with metal storage 
basin flow; 
Occasional "special" disposal such as waste from a single cross header 
through-reactor decontamination experiment; and 
An occasional tank-full of process cooling water collected after a fuel 
cladding failure. 

The trench received large volumes of contaminated water and contained over 
2000 curies of remaining activity. Maximum plutonium concentration was 130 
pCi/g. Sodium dichromate, sulfamic acid, sulfuric acid, and copper sulfate 
were disposed to the trench (Dorian and Richards 1978). 

1608 Trenches 

The 1608 trenches were located in the F and H Areas and were used to receive 
effluent during the Ball 3X Project. Both trenches have overflowed in the past 
and contaminated nearby soils. The trenches have been backfilled with soil. 
The 1608-H trench is 275 feet by 100 feet by _6 feet deep and the 1608-F 
trench is 300 X 100 X 10 feet (DOE-RL 1991a). Total radioactivity ranges 
from 0.0021 curies to 1.4 curies. The major radionuclides include Strontium-
90, tritium, Europium-152 and -154, Cobalt-60, and Cesium-137 with a 
maximum plutonium concentration less than 1 pCi/g (Dorian and Richards 
1978). 

Sludge Trenches 

The B Area contained two trenches , one 50 by 50 by 10 feet and one 120 by 
10 by 10 feet that were used to bury low level sludge waste from the B Area 
retention basin (DOE-RL 1991a). Sampling data and contaminant inventories 
are not available for these trenches, although the contaminants and 
concentrations should be similar to those measured by Dorian and Richards 
1978 for the B Area retention basin. 

• 116-F-1, Lewis Canal 

The Lewis Canal , located in the 100-F Area, received miscellaneous wastes 
from the 105-F and 190-F buildings, as well as decontamination wastes from 
the 189-F building. On occasion, contaminated coolant from the reactor front 
and rear faces was also routed to the Lewis Canal. Effluent water from the 
1953 ball 3X outage was channeled to the river through this trench. The 
trench was originally several thousand feet long, however, all but 1500 feet at 
the inlet end have been released from radiological control. Dorian and 
Richards 1978 estimated a total inventory of 3 curies and Plutonium-239/240 
concentrations of 1 pCi/g. The major radionuclides include Europium-152 and 
-154, Cobalt-60, and Cesium-137. Sodium dichromate and sulfamic acid are 
known to have been disposed to the Lewis Canal (DOE-RL 1991a). 
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1.3.1.3.3 Solid Waste Disposal. Solid waste disposal units consisted of burial 
grounds, landfills, ash/burn pits, and storage caves/vaults. For the early operational years of 
the nuclear reactors at Hanford, few if any records are available on the materials sent to 
solid waste disposal facilities. Also, characterization efforts for these facilities are limited. 
Dorian and Richards 1978 sampled the 118-B-1 burial ground and developed the following 
generalizations: 

• No measurable migration of radionuclides was found. 

• Plutonium-239/240 was generally not detected. 

• The primary radionuclide was Cobalt-60, comprising approximately 90 percent 
of the inventory; other radionuclides in significant concentrations included 
Europium-152, -154, -155, Cesium-134, -137, Strontium-90, and Nickel-63. 

A total of 28 radioactive solid waste burial grounds have been identified in the 100 
Area including seven major burial grounds associated with reactor operations, two burial 
grounds used for biological wastes, and one burial ground used during the tritium separations 
project at B reactor area. The remaining burial grounds were used for reactor upgrade 
projects, major maintenance projects, and special irradiation programs (Miller and Wahlen 
1987). These special burial grounds generally contained low levels of radioactivity. 
Nonradioactive solid waste burial grounds in the 100 Area include ash and bum pits, 
demolition sites, and landfills. Estimated contamination inventories for the burial grounds 
are presented below and in Table 1-7. 

Solid Waste Burial Grounds. Solid waste burial grounds which served the reactor 
facilities consisted of a series of trenches, pits, vertical pipes, and/or vault-like structures. 
The burial grounds ranged in size with the smallest being only a few feet wide and a few feet 
long to the largest being about 20 feet deep, 300 feet long, and 8 feet wide (at the bottom). 
The deep, narrow trenches contained high-dose large equipment; the pits and pipes were used 
for small, high-dose reactor hardware such as thermocouple stringers and horizontal control 
rod tips. A typical burial trench consisted of layers of hard waste (metal components such as 
irradiated process tubes and fuel charge spacers) and soft waste (such as contaminated paper, 
plastic, and clothing). Hard waste was usually placed in the bottom of the trench. Figure 1-
5 is a schematic of a typical burial trench as presented in Adams et al., 1984. Interviews 
with operations personnel indicate that the layering of waste shown in the schematic may not 
accurately portray conditions in the burial trenches. Soft waste may have been disposed in 
different part of the trench than hard waste, or in some cases, hard waste was placed on top 
of the soft waste. Soft waste makes up more than 75 % of the volume in the trenches but 
contains less than 1 % of the radioactive inventory (Adams et al. 1984). 

Each reactor had an associated burial ground. Miller and Wahlen 1987 estimated the 
total radionuclide inventory from reactor operations for these burial grounds to be about 
4,000 curies, mostly from Cobalt-60 and Nickel-63. Metallic wastes include lead, cadmium, 
lead-cadmium alloy , boron , mercury , and graphite. The 118-B-1 burial ground also received 
an estimated 37.5 tons of wastes associated with the glass process lines used in the tritium 
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separations program, including lithium-aluminum alloy. This waste contained a tritium 
inventory of about 3,800 curies and approximately 2,000 pounds of mercury. 

Ball JX Burial Grounds. The ball 3X burial grounds were located in the B, D , F , 
and H Areas and were used to dispose of highly contaminated waste removed from the 
reactor buildings during the Ball 3X Project. Wastes included thimbles (aluminum 
components used to provide a sealed access to the reactor for the control and safety rods and 
for a boron solution used as a shutdown device) and step plugs (an aluminum shielding 
device used in the reactor tubes). The burial grounds in the B, F, and H Areas consisted of 
a single trench; the D Area burial grounds contained two 40 by 20 by 10 foot trenches. The 
F Area burial ground was 175 feet by 50 feet by 15 feet deep, the B Area burial ground was 
50 feet by 50 feet by 20 feet deep, and the H Area burial ground was 150 feet by 30 feet by 
10 feet deep (DOE-RL 1991a). 

Tritium Separations Project Burial Ground. Wastes associated with the metal lines 
used in the tritium separations project were disposed to this burial ground. An estimated 562 
tons of waste, including 18 tons of lead and 25 tons of aluminum, were disposed. This 
included 11,000 curies of tritium. 

Biological Burial Grounds. Two burial grounds in the F Area were used for the 
disposal of biological wastes. Each burial ground contained an estimated 15 curies of 
Strontium-90 and 0.30 curies of Plutonium-239/240. 

Ash Pits. The ash pits received coal ash sluiced with water from the powerhouse. 
The ash pits received coal ash sluiced with water from the powerhouse. Ash from selected 
power plants at the Hanford Site has been characterized as nonradioactive and nonhazardous. 
Common sources of coal were used throughout the site so the ash in the pits will probably be 
comparable to these analyses. The ash was analyzed using the extraction procedure (EP) 
toxicity test in accordance with WAC 173-303 and no hazardous materials were found (DOE
RL 1991a). 

Bum Pits. Bum pits in the 100 Area were used to dispose of nonradioactive 
combustibles such as paints, solvents, laboratory wastes , and office wastes. Evidence of 
burning exists at the sites and several of the pits are also believed to have been used to 
dispose of rubble from demolition projects and debris and soil from retention basin repairs. 
Other materials which may have been disposed to the bum pits include scrap metal, glass, 
and asbestos. Sizes of the bum pits range from 9 ,600 to 224 ,000 square feet. 

Storage Caves/Vaults. The storage caves/vaults were used for temporary storage of 
horizontal control rods for decay prior to disposal. One vault was used for the storage of 
miscellaneous reactor hardware and the hardware still remains in the vault. The caves were 
40 foot by 25 foot concrete tunnels covered with mounds of dirt. The vault in the F Area 
was a 16x8x8 foot concrete box with a wooden cover (DOE-RL 1991a). Exposure rates vary 
from 1 m.R/hr up to 50 mR/hr at the tunnel entrances. No information is available on 
specific inventories of radionuclides . 
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Demolition Sites and Landfills. Demolition sites and landfills in the 100 Area 
received very low-level construction and demolition wastes. Little or no radiological 
contamination is expected in these sites. 

1.3.1.3.4 Reactor Building. The reactor building housed the reactor core and a fuel 
storage basin which consisted of a water filled concrete structure used to temporarily hold 
spent fuel elements for decay of short-lived radionuclides. Some basins presently contain 
highly radioactive sludge. The reactor buildings are not included within the past practice 
operable units and thus are not within the scope of this FS; they are subject to actions as part 
of the Surplus Reactors Decommissioning Program. 

1.3.1.3.5 Miscellaneous Facilities and Waste Sites. Storage Tanks. Tanks were 
used in the 100 Area for storing hydrocarbon products, acids, and chemical wastes. The 
tanks range in size from approximately 30 gallons for an evaporation unit to 1,650,000 
gallons for oil storage tanks. Many of the tanks are currently either empty or water-filled, 
although some contain small amounts of residual waste. A few of the tanks have been 
moved to the 200 Area. Contamination associated with the tanks includes leaks and spills 
(DOE-RL 1991a). 

Unplanned Releases. Unplanned releases occurred in the 100-F, 100-K, and 100-N 
Area. The 100-N unplanned releases are discussed in further detail in Section 1.3.3.2.5. 
The 100-F Area release occurred on March 13, 1971 when the main sewer line between the 
141-C and 141-M buildings became plugged. The spill consisted of wash water from the 
clean out of animal pens and contained an estimated 4.0E-5 Ci of Strontium-90 and 1.06E-6 
Ci of Plutonium-239. The area was stabilized with clean gravel (DOE-RL 1991a). 

The unplanned release in the K Area occurred in April 1979 when the 105-KE pickup 
chute area of the fuel storage basin leaked approximately 450 gallons per hour of fuel storage 
basin effluent and debris for an unknown period of time. Total activity was estimated at 
2,530 curies including 1.3 Ci of Plutonium-239/240. The release was completely below 
ground with no associated surface contamination (DOE-RL 1991a). 

Undocumented releases of hydrocarbon products and chemicals may have resulted in 
contamination of the soils in the 100 Area. In addition, unplanned releases to the air 
occurred in the 100 Area but are outside the scope of this report. 

100-K Area Brine Pits. The pits were concrete structures, either underground or 
partially underground, ranging in area from 160 to 390 square feet. Salt was unloaded to the 
pits and water was circulated through the salt to create a brine for use in the power house. 
The salt was also used in water softeners. Contamination includes salt brine and residue 
(DOE-RL 1991a). 

White Bluffs Pickling Acid Crib. This crib is located in the 100-IU-5 operable unit 
and was used to treat (pickle) piping for the reactors during the construction phase. This 
process used several thousand gallons of nitric and hydrofluoric acid. Vent pipes protrude 
every 18 inches and the surface is covered with large cobbles (DOE-RL 1991b). 
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Septic Systems. Thirty septic systems serviced the first eight reactor areas. The 
systems received sanitary sewage from buildings and possible contamination could include 
mercury from manometers, thermometers, and electrical equipment or wastes from 
laboratories which may have been disposed in sinks and floor drains. In addition, waste 
water from change rooms and the decontamination of face masks may have contributed to 
radiological contamination of the septic systems. No sampling data are available for the 
septic systems (DOE-RL 1991a). 

1.3.1.4 100-N Area Facility Characteristics and Contamination. 

1.3.1.4.1 Liquid Waste Disposal Facilities. The liquid waste disposal facilities in 
the 100-N Area consist of cribs, French drains, ponds, emergency dump tank and basin, and 
miscellaneous liquid waste facilities. Available data on the nature and extent of liquid waste 
disposal facility contamination are given in Table 1-8. 

Cribs. The 116-N-1 crib consisted of a rectangular basin 290x125x12 feet with a 
50x1600 foot extension trench. The 116-N-3 crib consisted of a concrete diversion box with 
an associated 250x240 foot concrete header box and a 3,000x10x7 foot extension trench. A 
36 inch diameter, 1,200 foot long pipeline connected the box to the header. The cribs 
received radioactive water containing both activation and fission products. Small quantities 
of corrosives and laboratory chemicals were also disposed of in these cribs. 

Chemical wastes disposed to the cribs include: 

• Hydrazine test solution 
• Ammonia test solution 
• Chloride test solution 
• Fluoride test solution 
• Lead-acetate battery fluid 
• Nickel-cadmium battery fluid 
• Hydrazine 
• Sodium dichromate (DOE 1990d). 

French Drains. The 100-N Area French drains were constructed of 2 to 8 foot 
diameter clay pipe packed with lime. One of the drains had an associated 8x25 foot concrete 
vault/neutrafu.ation pit. The drains received either spent sulfuric acid or sodium hydroxide 
wastes (DOE-RL 1991a). 

Ponds. Ponds were used in the 100-N Area to treat corrosive regeneration effluent, 
to settle out solids from filter backwash, and to dispose of backwash effluent. The ponds 
were generally unlined sloped-sided trenches ranging in area from 5,500 square feet to 
29,000 square feet. Exceptions are the 130-N-1 filter backwash discharge pond, which is a 
natural, marshlike basin, and the 120-N-2 surface impoundment, which was double lined. 
The 130-N-1 pond also received aluminum sulfate and polyacrylamide solutions. Flow rates 
to the ponds were as high as 430,000 gallons per day . 
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Miscellaneous Liquid Waste Facilities. The 116-N-2 (1310-N) radioactive chemical 
waste treatment and storage facility was a waste management unit consisting of a complex 
system of piping, pumps, a transfer tank, and a large treatment and storage tank. This 
facility was used to neutralize the pH of and temporarily store radioactive waste acid solution 
used in internal reactor decontamination. The transfer tank is a spherical metal· structure 
with a 900,000 gallon capacity; it is partially buried and surrounded by a 25 foot high 
compacted soil radiation barrier on three sides. Decontamination wastes from the primary 
water loop of the reactor were transferred by a 6 inch diameter underground pipe to the 
transfer tank and then to the storage tank for neutralization. 

The decontamination wastes included 70% phosphoric acid and diethylthiourea. 
Decontamination of the primary loop occurred once every three to five years and resulted in 
approximately 600,000 gallons of waste solution per decontamination event (DOE 1990d). 

1.3.1.4.2 Solid Waste Disposal Facilities. The 128-N-l burning pit is the only solid 
waste disposal facility listed in the Waste Information Data System (WIDS) for the 100-N 
Area. The burning pit was used to burn nonhazardous waste such as paper, wood, trash, 
etc. generated at 100-N Area. The dimensions and exact location of the unit are unknown 
(DOE-RL 1991a). No characterization data are available in WIDS or DOE 1990d. 

1.3.1.4.3 Miscellaneous Waste Facilities. Miscellaneous waste facilities include the 
three 118-N-1 spacer storage silos, the 116-N-8 mixed waste storage area, and the 120-N-4 
nonhazardous and nonradioactive storage area. Information on types and amounts of 

ES contamination in these facilities is unavailable. 

• 

• 

118-N-1 

The three 118-N-l spacer storage silos were used for temporary storage of 
irradiated fuel spacers which came in direct contact with the fuel elements in 
the reactor. The silos were each 16 feet in diameter and 20 feet deep. Two 
of the silos were open-bottomed; the other had a concrete floor. All three 
were · covered with concrete caps. The silos currently contain dry irradiated 
spacers (DOE 1990d). 

116-N-8 

The 116-N-8 mixed waste storage area is a concrete-paved, mixed waste 
container storage pad. The pad is walled on two sides, covered by a roof, and 
surrounded by a curb and a mesh fence. The pad measured 60 feet by 152 
feet. Drums and containers of radioactively contaminated oil and 
miscellaneous hazardous process chemicals are stored on the pad (DOE 
1990d). 

• 120-N-4 

The 120-N-4 nonhazardous and nonradioactive storage area is a 100 foot by 75 
foot curbed concrete pad. The pad is used to store nonradioactive ·and 
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nonhazardous oils and aqueous liquids. Prior to 1985, the unit was unpaved 
and used as a laydown yard for radioactively-contaminated equipment. 
Information on types and amounts of wastes for this time period are 
unavailable (DOE 1990d). 

1.3.1.4.4 Sanitary Sewer Systems. The 100-N Area contains ten sanitary septic 
systems: one cesspool, one lagoon, one septic tank with an associated tile field, two septic 
tanks with seepage pits, and five septic tanks with associated drain fields. Flow rates to the 
septic systems ranged from 45 to 50,000 gallons per day. 

The 124-N-4 sanitary sewer system has detectable surface contamination. No other 
characterization data are available for these facilities in WIDS or the 100-N Area work plans. 

1.3.1.4.5 Unplanned Releases. The 100-N Area had 33 unplanned releases 
consisting primarily of line leaks and spills during transfers (DOE 1990d). One release 
resulted when a contaminated piece of equipment fell off a truck; the other releases involved 
spills/leaks of low level radioactive water, petroleum fuels, or nonradioactive chemicals. 
Unplanned releases are tabulated in Appendix E. 

Radioactive Liquids. Releases of radioactive liquids ranged from less than 100 
gallons to over 500,000 gallons. Contamination ranged from less than lµCi to 35 curies. 
Many of the releases were remediated by removal of contaminated soil and/or covering with 
clean soil. 

Petroleum Fuels. Diesel and/or fuel oil leaked from pipelines or overflowed from 
storage tanks. The fuels were nonradioactive and ranged from 200 gallons up to 80,000 
gallons. The extent of remediation on these releases is generally unknown. 

Nonradioactive Chemical Liquids. Spills during the transfer of chemicals ranged 
from approximately 500 gallons to 3,500 gallons. The chemicals included phosphoric acid 
and diethylthiourea mixture, sulfuric acid, and sodium hydroxide. Acid spills were 
neutralized with soda ash. Cleanup included removal of contaminated soils and backfill in 
some spill areas. The extent of residual contamination is unknown (DOE-RL 1991a). 

1.3.1.5 Soils. Most of the wastes generated during the operations of the 100 Area reactors 
were disposed to the soils, either intentionally or through leakage. Groundwater mounds 
existed in the 100 Area because of the volumes of liquids disposed to the soils. Available 
data on nature and extent of soil contamination are summarized in the subsections below. 
The 100-N Area soils are discussed in Section 1.3.1.5.4. 

1.3.1.5.1 Background Soil Quality (excluding 100-N Area). Background soil 
quality data specific to the 100 Area are generally unavailable. Samples are collected 
periodically as part of the Hanford Environmental Management Program from locations both 
on and off the Hanford Site. These samples are limited in applicability for several reasons: 

• No subsurface samples are collected . 
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• Those samples which are routinely obtained are analyzed for a limited range of 
radionuclides. 

• Samples are generally collected near sources and are therefore influenced by 
past operations. 

Data from the 1989 onsite and offsite sampling are presented in Table 1-9. No data 
have been developed for nonradioactive inorganic contaminants such as nitrate and 
chromium. 

A characterization effort is currently underway at Hanford to determine background 
concentrations for soils. Available data from this effort are presented in Table 1-10. 

1.3.1.5.2 Soil Contamination (excluding N Area). Soil contamination in the 100 
Area has resulted from the following potential operational sources: 

• Fallout from stack emissions 
• Planned releases from waste handling and disposal facilities 
• Unplanned releases (Jaquish and Mitchell 1988). 

Table 1-11 contains surface soil data collected in 1987 as part of the Hanford 
Environmental Management Program. The environmental samples of surface soil collected 
in 1985 by United Nuclear Corporation (UNC) near the retired 100 Area reactor facilities 
indicated no release or biotransport of radionuclides to the immediate environment. Table 
1-12 presents the range of contaminants found in the 100 Area soils in the 1985 sample 
collection (Jacques 1986). 

Sampling for vadose zone contaminants was performed in the 1970s by Dorian and 
Richards (1978). Their investigation focused on the retention basins and liquid waste 
disposal facilities. Contaminant information given in Section 1.3.3.1, Section 1.3.3.2, and 
Tables 1-5, 1-6, and 1-8 represents the available data for the 100 Area soils. Sampling data 
for nonradioactive contaminants are unav~lable. 

1.3.1.5.3 100-N Area Background Soil Quality. Background soil samples were 
collected at the 120-N-l Surface Impoundment, the 120-N-2 Percolation Pond, and the north 
and south settling ponds. The analyses of these samples can be generalized as follows: 

• Background radionuclide concentrations were low; the radionuclides present 
included: 

Uranium 
Potassium-40 
Lead-212 
Lead-214 
Gross beta. 

• Background soils contained metals, with low concentrations of volatile 
organics and no semi-volatiles (DOE 1990d). 
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Background values for other sites in the 100-N Area are unavailable. 

1.3.1.S.4 100-N Area Soil Contamination. The findings from UNC's 1985 
sampling campaign (Jacques 1986) are presented in Tables 1-11 and 1.:.12 and can be 
generalized as follows: 

• Environmental samples of surface soil and direct radiation measurements 
collected near 100-N Area indicated no significant releases to the immediate 
environment. 

• Radionuclides released to 116-N-1, the 1301-N liquid waste disposal facility, 
were detected in the surface soil adjacent to the facility. 

• Sediment samples collected from the 1301-N liquid waste disposal facility and 
116-N-3, the 1325-N crib, contained activation and fission products discharged 
from N Reactor. 

Table 1-13 presents average radionuclide concentrations in the 100-N Area surface 
soil from 1981 to 1985. 

Subsurface soils near the 116-N-1 crib and trench were sampled in 1982 (Robertson 
et. al., 1984) as part of a research project. Data from gamma logs of the boreholes indicate 
that very low concentrations of radionuclides such as Cobalt-60, Cesium-137, Antimony-125, 
and Ruthenium-! 06 were present above the water table in the borehole nearest the facility. 
Concentrations of the radionuclides in the unsaturated zone decreased in the other two 
boreholes which are farther from the crib and trench. Concentrations increased markedly in 
the soils at the water table in all three wells. Organics found in the samples include alkenes, 
alkanes, alkynes, elemental sulfur, and three cyclic sulfur species. 

Studies conducted on 100-N Area soils indicate that radionuclide-specific sorption will 
occur and that sorption is dependent upon ionic species; 100-N Area soils have no capacity to 
retain iodine and phosphorous and very low capacity to retain tritium. Strontium, cesium, 
and other radionuclides will be preferentially sorbed to varying degrees (DOE 1990d). 

1.3.1.6 Groundwater. Groundwater contamination in the 100 Area is primarily a result of 
direct disposal of liquid wastes to the soil. The groundwater beneath the 100-N Area 
contains higher concentrations of a greater number of radionuclides because of its more 
recent operations. 

1.3.1.6.1 Background Groundwater Quality. Groundwater in the unconfined 
aquifer on the Hanford Site is characterized as calcium bicarbonate dominant; primary 
inorganic constituents include calcium , bicarbonate, sulfate, silica, sodium, chloride, 
magnesium, and potassium. Secondary natural constituents occurring in trace amounts ( < 1 
ppm) include ammonia, barium, fluoride , manganese , and strontium. The natural Hanford 
groundwater contains moderate total hardness , approximately 120 ppm, and total dissolved 
solids, approximately 250 ppm. Background levels for Hanford groundwater are presented 
in Table 1-14. Background concentrations have been estimated from groundwater samples 
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collected as part of the Hanford Sitewide Groundwater Monitoring Project from areas judged 
to be unaffected by Hanford operations (Evans et al . 1990). 

An effort is currently underway to determine sitewide groundwater background levels. 
The initial results from this study are presented in Table 1-15. The information in the table 
was_ taken from Hanford Site Groundwater Background (DOE-RL 1992b) and represents a · 
compilation of data from the following sources: 

• Basalt Waste Isolation Project Hydrochemistry Database 
• The Hanford Groundwater Database 
• U.S. Geological Survey Data 
• Pacific Northwest Laboratories Summary (Evans et. al., 1990). 

Background concentrations specific to the 100 Area are not available and use of the 
general Hanford Site groundwater data may not be appropriate for all comparisons. Because 
of the close proximity to the Columbia River, the river water influx may dominate the flow 
system in the vicinity of the reactors, such that background groundwater quality may be 
closer to river water quality. 

1.3.1.6.2 Groundwater Contamination. Contamination in the groundwater of the 
100 Area is a result of past waste disposal practices. Groundwater is monitored routinely for 
radioactive and inorganic contaminants. Tritium and nitrate are mobile contaminants found 
in the Hanford area groundwater and serve as indicators of the extent of contamination. 
Tritium was one of the major radionuclides found in the 100 Area waste streams and nitrate 
results from the nitric acid used in reactor decontamination. Hexavalent chromium is another 
mobile contaminant which can be used to estimate the extent of contamination. Sodium 
dichromate, used to control oxidation of aluminum parts, and chromic acid, used to 
decontaminate dummy fuel elements, account for the hexavalent chromium concentrations in 
the Hanford groundwater. 

Groundwater monitoring efforts for 1989 included analyses of samples taken from 91 
wells, 43 of which were in the 100-N Area. Contaminants found in the groundwater which 
exceeded (for comparison) the Safe Drinking Water Act (SOW A) Maximum Contaminant 
Levels (MCL) (40 CFR 141) are presented below (Evans et al. 1990). Tables 1-16 through 
1-18 present contaminant ranges for key inorganic constituents, radiological constituents, 
nitrate, and volatile organic compounds found the 100 Area groundwater (Evans, et al., 
1990). Table 1-19 presents a list of constituents detected in the 100-N Area which exceeded 
drinking water standards (SOWA MCLs) for the period April 1987 to November 1989. 

Hexavalent Chromium. Hexavalent chromium was detected in wells in the 100-B/C, 
-D/DR, -H, -F, and -K Areas. The maximum concentration, 692 µg/L, was found in a 
monitoring well in the 100-D Area. This concentration was lower by a factor of two from 
1987. Chromium plumes are centered near the D reactor and south of 116-H-6, the 183-H 
solar evaporation basins. 

Nitrate. Nitrate was measured at concentrations greater than the 45 mg/L MCL in 
all areas. 
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Tritium. Tritium concentrations greater than the 20,000 pCi/L MCL were detected 
in 100-B/C, -D/DR, and -K Areas with the maximum concentration of 882,000 pCi/L found 
in the 199-K-30 well. 

Grtm Alpha. The gross alpha MCL of 15 pCi/L was exceeded in the F and H 
Areas. The wells in the F Area with elevated gross alpha contained uranium at levels which 
would account for the gross alpha levels detected. 

Grtm Beta. The 50 pCi/L MCL for gross beta activity was exceeded throughout the 
Hanford Site. Gross beta levels in the 100 Area can be attributed mainly to a combination of 
uranium and technetium-99 activity. Strontium-90 also contributes to the gross beta activity 
in the 100-N Area. 

Cobalt-60. Cobalt-60 concentrations were consistently at or below detection limits 
except in the 100-N Area. 

Strontium-90. Strontium-90 concentrations in the 100-B/C, -D/DR, -F, -K, and -N 
Areas exceeded the MCL of 8 pCi/L. The highest concentration of 23,400 pCi/L was found 
at 116-N-1, the 1301-N liquid waste disposal facility. 

Technetium-99. 100-H Area wells showed technetium-99 concentrations greater than 
the 900 pCi/L SDWA MCL. 

Ruthenium-106. Ruthenium-106 has a short half-life (367 days) and is generally 
associated with operating reactors. Ruthenium- I 06 has been detected in the past at the N 
Area but could not be detected by routine methods in 1989. The SDWA MCL for 
ruthenium-106 is 200 pCi/L. 

Antimony-125. Antimony-125 was measured in the 100-N Area near 116-N-3, the 
1325-N liquid waste disposal facility , with a maximum concentration of 93.6 pCi/L. The 
SDWA MCL for this radionuclide is 300 pCi/L. 

Iodine-131. Iodine-131 has a half-life of just over 8 days. This radionuclide has 
been detected in the 100-N Area during operating periods but was not measured in 1989 due 
to the cold standby status of the 100-N reactor. 

Uranium. Uranium levels in two F Area wells increased sharply in 1987 to a 
maximum of 414 pCi/L in January 1988. The levels have decreased since that-time and a 
low of 91 pCi/L was measured in October of 1989. A uranium plume exists in the 100-H 
Area near 116-H-6, the 183-H solar evaporation basins. The maximum concentration 
measured in 1989 was 89 pCi/L. 

Cesium-137, Plutonium. Concentrations for these contaminants were below 
detection limits in the 100 Area. 

1.3.1. 7 Surface Water and Sediments. Routine monitoring of the Columbia River water 
and sediments was initiated during 1945 , shortly after the startup of the original plutonium 
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production reactors, and continues today as part of the Hanford Environmental Monitoring 
Program (Jacquish and Bryce 1989). Throughout the years , sample locations upstream of the 
Hanford Site, outside the influence of site operations, and downstream of all site facilities 
have been maintained to provide information on the background conditions in the Columbia 
River and to identify influences from Hanford operations. The monitoring programs are not, 
however, designed to differentiate contributions of contaminants from individual operating 
facilities or areas. 

1.3.1.7.1 Background Surface-Water Quality. Columbia River water samples 
were collected upstream of Hanford facilities at Priest Rapids Dam and near the Vernita 
Bridge to provide background data from locations unaffected by site operations (Jacquish and 
Bryce 1989). Samples collected at Priest Rapids Dam were analyzed for radiological 
constituents, while nonradiological analyses were performed on those samples collected near 
the Vernita Bridge as part of the Surface Environmental Monitoring Project. In addition to 
the Columbia River monitoring performed by Pacific Northwest Laboratories (PNL), the 
river-water quality is monitored by the U.S. Geological Survey as part of the national Stream 
Quality Accounting Network (McGavock et al. 1987), which provides primarily hydrologic 
and nonradiological water-quality data. 

Results of the radiological analysis of Columbia River water samples collected at 
Priest Rapids Dam during 1988 are summarized in Table 1-20. This table shows that 
radionuclide concentrations in the river water are extremely low; several of the radionuclides 
identified are undetectable without the use of special sampling techniques and/or analytical 
procedures. The 1988 average radionuclide concentrations shown in Table 1-20 are more 
than an order of magnitude lower than the applicable drinking water standards in all cases. 

Nonradiological water-quality data for the Columbia River upstream of the Hanford 
Site are summarized in Table 1-21. Some listed parameters have no regulatory limit but are 
useful as indicators of water quality. The results, where duplicated , were in general 
agreement and were comparable to levels observed in recent years. In all cases, applicable 
standards for Class A designated water were met. 

Groundwater seeps are located along the riverbank throughout the 100 Area 
(McCormack and Carlile 1984). Because these seep areas reflect groundwater discharge to 
the river, background contaminant concentrations are best defined through the analysis of 
groundwater samples. 

1.3.1. 7 .2 Surface-Water Contamination. Radiological and nonradiological 
pollutants are known to enter the Columbia River from the Hanford Site. In addition to 
direct discharges from Hanford facilities , contaminants in the groundwater from past effluent 
discharges are known to be transported into the river. 

Columbia River water samples were collected at two locations downstream of 
Hanford , the 300 Area water intake and the Richland Pumphouse, to identify possible 
influence on contaminant concentrations from Hanford operations (Jacquish and Bryce 1989). 
Samples collected from the 300 Area water intake were analyzed for radiological 
constituents, while the Richland Pumphouse samples were analyzed for radiological and 
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nonradiological parameters. The U.S. Geological Survey monitors the Columbia River water 
quality at the Richland Pumphouse and several locations farther downstream of the Hanford 
Site. Results of the radiological analyses of the Columbia River water samples collected 
from the Richland Pumphouse during 1988 are summarized in Table 1-22 (Jacquish and 
Bryce 1989). All radionuclide concentrations observed were well below applicable drinking 
water standards. Tritium, Strontium-90, and Iodine-129 concentrations were identified as 
statistically elevated at the Richland Pumphouse relative to Priest Rapids Dam, thus 
indicating an influence from Hanford operations. Concentrations of other constituents 
observed at the Richland Pumphouse were similar to those observed at Priest Rapids Dam 
(Jacquish and Bryce 1989). 

Nonradiological river water quality data at the Richland Pumphouse for 1988 are 
summarized in Table 1-23. In general, concentrations of nonradiological water quality 
parameters were similar at Priest Rapids Dam and the Richland Pumphouse. No indication 
of any significant nonradiological deterioration of water quality along the Hanford Reach as a 
result of Hanford Site operations exists. As was the case at Priest Rapids Dam, applicable 
standards for Class A waters were met at the Richland Pumphouse. 

1.3.1.7.3 Background Sediment Quality. Sediments in the Hanford Reach are 
typically sand intermixed with gravel and rock (ERDA 1975). The stream bed in deep 
channels is generally sand and gravel, while shallow areas have a bed consisting of sand, silt, 
and some clay. Stream beds in the eddying areas of this fast-water stretch are mostly 
composed of sand. Slack-water area sediments are made up of sand, silt, and some clay. 

Columbia River sediment was sampled routinely from 1945 through 1960 at several 
locations along the Hanford Reach. Special studies of the river sediments have continued 
through the years and the State of Oregon and PNL have published reports (Beasley et al. · 
1981, Sula 1980) about radionuclide concentrations in the Columbia River sediments. 

Background sediment samples were collected from behind Priest Rapids Dam in 1976 
(Robertson and Fix 1977). Cesium-137 was the most abundant fallout radionuclide detected, 
with trace amounts of Plutonium-238 , Plutonium-239/240, and Americium-241 also present. 

Sediment sampling above Priest Rapids and McNary dams was recently reinitiated as 
part of the Surface Environmental Monitoring Project. Results of analyses of samples 
collected during 1988 were published in Jacquish and Bryce (1989). Concentrations 
observed above Priest Rapids Dam provide background information on sediment 
contamination for the 100 Area. Analyses of the sediment samples included gamma scans, 
Strontium-90, Uranium-235, Plutonium-238 , and Plutonium-239/240. Table 1-24 
summarizes radionuclide concentrations detected in sediments collected at Priest Rapids Darn. 
Background information for chemical constituents in sediment is not available. 

1.3.1. 7 .4 Sediment Contamination. Radionuclides, including neutron activation 
products, fission products , and trace amounts of transuranics , were discharged into the 
Columbia River as a result of plutonium production reactor operations in the 100 Area 
(Robertson and Fix 1977). The radioactive material was dispersed in the river water and 
sorbed onto detritus and inorganic particles, incorporated into the aquatic biota or, for larger 
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particles of insoluble material, deposited on the riverbed. Some of this material has been 
deposited along the shoreline areas above the low river level (riverbank sediments). 
Radiation surveys of the exposed shorelines from the 100-B/C Area to the confluence of the 
Snake River during 1978 and 1979 revealed several areas with elevated ( > 25µR/hr) 
exposure rates (Sula 1980). The predominant radionuclides present in the riverbank 
sediments were Cobalt-60, Cesium-137, and Europium-152 (Sula 1980). 

Results from recent sediment-sampling activities at McNary Dam are available for 
calendar year 1988 (Jacquish and Bryce 1989) and are summarized in Table 1-24. Surface 
sediments behind McNary Dam are known to contain low levels of Hanford-origin 
radionuclides (Robertson and Fix 1977, and Beasley et al. 1981) in addition to radionuclides 
from atmospheric fallout. As expected, concentrations of Cobalt-60, Strontium-90, Cesium-
134, Cesium-137, Plutonium-238, and Plutonium-239/240 were higher in sediments from 
behind McNary Dam than from behind Priest Rapids Dam (Jacquish and Bryce 1989). Data 
on chemical characterization of sediments are not available. 

1.3.1.8 Air. 

1.3.1.8.1 Background Air Quality. Background concentrations of airborne 
radionuclides have been measured at several distant communities in Eastern Washington at 
locations shown in Figure 1-6 (Jacquish and Mitchell 1988). The average values for these 
distant communities for 1987 are shown in Table 1-25. 

1.3.1.8.2 Air Contamination. Concentrations of airborne radionuclides have been 
extensively monitored on the Hanford Site and in nearby offsite communities. Data for the 
100 Area are available from four monitoring stations: one each in the 100-K, 100-N, and 
100-D Area, and one at the 100 Area fire station. These monitoring locations are shown in 
Figure 1-6. The 1987 monitoring data for the 100 Area and nearby communities are 
included in Table 1-25. 

1.3.1.9 Biota. Very little site-specific data concerning radiological or chemical 
contamination of biota in the 100 Area exists. However, the Hanford Environmental 
Monitoring Program provides data on radionuclide contamination in biota throughout the 
Hanford Site. 

1.3.1.9.1 Terrestrial Biota. Strontium-90 concentrations in deer bones collected on 
the Hanford Site ranged from 0. 7 to 58 pCi/g and were comparable to those concentrations 
measured in 1985. Cesium-137 concentrations were very low or nondetectable and were in 
the range attributable to worldwide fallout. Strontium-90 levels in cottontail rabbits collected 
near the 100-N Area indicated that the animals had at some time consumed food or water 
contaminated with the radionuclide. Cesium-137 levels in the muscle and Plutonium-239/240 
levels in the liver were below detection limits. Mean concentrations of Strontium-90 and 
Cesium-137 were similar to levels in previous years (Woodruff, et al., 1991). 

Tritium was measured in leaf water extracted from six locust trees growing near the 
100-K Area. The maximum tritium concentration was 12 ,000 pCi/L and concentrations 
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generally exceeded the concentrations from well water samples taken near the trees (Rickard 
and Price 1989). 

Deep-rooted plants in the riparian zone may have some usefulness as biological 
indicators of radioactive materials in groundwater. These plants have roots deep enough to 
contact groundwater. However, uptake quantities depend on plant species, age of growth, 
and other factors. 

1.3.1.9.2 Aquatic Biota. An extensive survey of the radionuclide concentrations in 
aquatic biota at the 100-F Area was done in 1966-1967 (Watson et al. 1970) while the 
reactors were still operating. The reported concentrations resulted from.bioaccumulation of 
reactor generated radionuclides rather than from atmospheric fallout. These radionuclides 
would not be expected in samples collected above the Hanford Site. 

Whitefish, carp, and bass were collected by Woodruff, et. al., (1991) from locations 
along the Columbia River. Whitefish were collected near the 100-D and -N Areas; bass 
were collected from the 100-F Area; and carp were collected near 100-N. Strontium-90 
concentrations were detected in all the fish carcasses analyzed during 1990. Levels in 
whitefish samples collected near the 100-D Area were similar to those collected downstream 
of the Priest Rapids Dam. Bass and carp collected near the 100-N Area had higher 
concentrations of Strontium-90 than the whitefish. Cobalt-60, Strontium-90, and Cesium-137 
concentrations in the fish muscle samples collected from the 100-F and 100-N Areas were 
typically below detection limit. Mean combined concentrations of Cobalt-60 and Cesium-137 
in the fish muscle samples from the 100-D Area were similar to those collected above the 
Vernita Bridge (Woodruff, et. al., 1991). 

Clams collected near 100-N had Cobalt-60 and Strontium-90 levels close to detection 
limits; Cesium-137 concentrations were below detection limits (Woodruff, et. al., 1991). 

Tables 1-26 and 1-27 present radionuclide concentrations found in fish carcasses 
collected in 1988 from locations upstream and downstream of the Hanford Site. Table 1-28 
presents research conducted on radionuclide contamination of aquatic biota. 

1.3.1.9.3 Riparian Biota. The shoreline of the Columbia River adjacent to the 100 
Area includes a narrow band of riparian vegetation dominated by reed canary grass and other 
grasses, sedges, and rushes. Strontium-90 was measured in the leaves and stems of reed 
canary grass in this zone at locations downstream from the 100-K Area. The highest 
concentrations were measured in samples collected near the 100-N Area and the lowest in 
those samples collected near Richland (Rickard and Price 1989). 

Strontium-90 was measured in the eggshells of Canada geese nesting on islands, 
including Plow Island near Ringold , in the Columbia River. These data show that Strontium-
90 of Hanford Site origin is available to geese. However, the concentrations are too low to 
observe health or reproductive defects in wild geese (Rickard and Price 1989). 

The great blue herons that nest on the Hanford Site feed mostly on Columbia River 
fish and can serve as biological indicators of chemical contamination in the riparian 

1-29 



DOE\RL-92-11 
Draft B 

environment (Rickard et al. 1978; Fitzner et al. 1981, 1988; Blus et al. 1985; Riley et al. 
1986). Toxic metals, such as lead, cadmium, and mercury, have been measured in the nest 
debris (feces and food scraps) at one Hanford Site heron rookery. However, the levels of 
these metals found in herons on the Hanford Site are lower than these reported elsewhere in 
the Northwest (Fitzner et al. 1982). Heavy metal concentrations have also been examined in 
eggs and in young herons from Hanford (Blus et al. 1985). Although no elevated levels 
were detected for lead, copper, zinc, or mercury, these data provide a useful baseline for 
comparison in future studies. 

Birds of prey, particularly owls, have been implicated in the spread of radionuclides 
near the 100-D, 100-F, and 100-H reactors (Caldwell and Fitzner 1984). Pellets and 
regurgitated undigestible prey remains were found that contained Manganese-54, Cobalt-60, 
Cesium-137, Europium-152,-154,-155, and two natural occurring radionuclides, Potassium-
40 and Radium-226. The mean Cesium-137 concentration for barn owl pellets collected near 
the 100-D, 100-F and 100-H Areas was 3.1 (± 1. 1) pCi/g dry weight. Pellet analysis show 
these owls were feeding mostly on small mammals. 

1.3.2 Physical Setting 

1.3.2.1 Topography. The 100 Areas lie on a relatively flat bench between the Columbia 
River and Gable Mountain and Gable Butte. Gable Mountain and Gable Butte separate the 
100 Area from the rest of the Hanford Site. Gable Mountain in an elongated anticline rising 
1086 ft above mean sea level. The average elevation of the 100 Area is approximately 400 
feet. The land surface slopes gently to the north from the bases of Gable Mountain and 
Gable Butte toward the Columbia River. 

The Columbia River defines the northern boundary of past activities at the Hanford 
Site. However, contamination may extend beyond the riverbank to include sediments and 
surface water affected by releases from Hanford operations. 

1.3.2.2 Geology of the Hanford Site. Hanford Site geology has been studied extensively 
as part of site characterization activities for the Basalt Waste Isolation Project. Other 
geologic studies have been completed to support facility siting and groundwater studies. The 
following provides a summary of previous geologic studies compiled in Liikala et al . 1988. 

The Hanford Site lies within the Columbia Plateau physiographic province. The 
province is underlain by the Miocene age Columbia River Basalt Group (CRBG). The 
geologic units beneath the Hanford Site are, in ascending order: the CRBG, the Ringold 
Formation, a Plio-Pleistocene unit, and the Hanford Formation. Locally, Pleistocene and 
Holocene alluvium, colluvium, and eolian deposits veneer the surface. The stratigraphy is 
shown in Figure 1-7. 

1.3.2.2.1 Columbia River Basalt Group. The CRBG forms the bedrock of the 
Pasco Basin. The CRBG was emplaced between 6 and 17 million years before present (Ma) 
from fissures in southeastern Washington and adjacent parts of Idaho and Oregon. Five 
formations make up the Columbia River Basalt Group (Ledgerwood et al. 1978; Swanson et 
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al. 1979). Beneath the Pasco Basin, the CRBG may be as thick as 14,000 ft {4,267 m). The 
upper flows of the CRBG may be interbedded with Miocene sediments of the Ellensburg 
Formation (Swanson et al. 1979). 

1.3.2.2.2 Ringold Formation. The Ringold Formation was deposited over the 
CRBG between 8.5 and 3. 7 Ma in a fluvial/flood plain environment (Myers et al. 1979). 
The maximum thickness is estimated at more that 1,200 ft (366 m). 

Within the Pasco Basin, the Ringold Formation is divided into three stratigraphic 
section types as shown in Figure 1-8 (Tallman et al. 1981). 

Section Type I, located throughout the central Pasco Basin, is subdivided into four 
textural units (Tallman et al. 1981): 

• Basal Ringold unit, sand and gravel 
• Lower Ringold unit, clay silt, and fine sand with minor gravel lenses 
• Middle Ringold unit, occasionally cemented sand and gravel 
• Upper Ringold unit, fine sand and silt. 

Section Type II consists of predominantly silt, sand, and clay with minor gravel 
lenses, and is found north and east of Gable Mountain. Section Type III is composed of 
talus, slope wash, and side-stream deposits that occur along the flanks of anticlinal ridges and 
interfinger with the central basin deposits. 

1.3.2.2.3 Plio-Pleistocene Unit. The Plio-Pleistocene unit overlies the Ringold 
Formation in the western part of the Hanford Site near the 200 West Area. This eolian silt 
and fine sand unit was deposited as reworked Ringold sediments. Relatively high caliche 
contents are found in much of this unit. This unit does not occur within the 100 Area. 

1.3.2.2.4 Hanford Formation. The Hanford Formation lies unconformably on the 
eroded surface of the Ringold Formation, the Plio-Pleistocene unit, and locally, the basalt 
bedrock. The Hanford Formation consists of cataclysmic flood sediments. These sediments 
originated when ice dams in western Montana and northern Idaho broke resulting in massive 
volumes of water flooding across eastern and central Washington. The floods scoured the 
land surface, locally eroding the Ringold Formation, upper basalt flows, and interbeds. 

Cataclysmic flood deposits are locally divided into two main facies, the Pasco Gravels 
and the Touchet Beds. The Pasco Gravels are composed of poorl_y sorted gravels and coarse 
sands. The Touchet Beds consist of rhythmically bedded sequences of graded silt, sand, and 
minor gravel units (Myers et al. 1979). 

1.3.2.2.5 Surficial Deposits. Eolian sediments, consisting of loess, active and 
inactive sand dunes, alluvium, and colluvium, locally veneer the surface of the Hanford Site. 

1.3.2.2.6 Geologic Structure. The major structural feature of the region is a series 
of sub-parallel, west-to-northwest-tending folds known as the Yakima Fold Belt. Umtanum 

1-31 



._ 
OJ 

c::l 
t"lt"1 -('Y"j 

en 

DOE\RL-92-11 
Draft B 

Ridge and Cold Creek Valley, west of the 100 Area, are examples of structurally controlled 
anticlinal ridges and synclinal valleys. Gable Butte and Gable Mountain on the Hanford Site 
represent an eastward extension of the Umtanum Ridge structure (Fecht 1978). The 100 
Areas lie in the Wahluke syncline of the Yakima Fold Belt. This syncline is a down-warped 
valley between the Gable Mountain and the Saddle Mountain anticlines. 

1.3.2.3 Hydrogeology of Hanford Site. The Hanford Site lies near the center of the Pasco 
Basin. Groundwater at the Site occurs under both unconfined and confined conditions. The 
unconfined aquifer is within sedimentary deposits of the Ringold and Hanford Formations. 

The depth to groundwater beneath the 200 Area plateau of the Hanford Site is 
generally 200 to 300 ft (61 to 91 m) below land surface. However, north and east of Gable 
Butte in the 100 Area, the water table is shallower and lies within the Hanford Formation at 
depths of less than 200 ft (30 m) (Liikala et al. 1988). 

The confined aquifers of the regional groundwater flow system are mostly contained 
in the rubbley interflow zones and in sedimentary interbeds of the CRBG. Intermediate or 
local confined systems also may occur in the Ringold Formation, where clay units act as 
aquitards. · 

A regional water table contour map is presented in Figure 1-9. Groundwater moves 
eastward across the Site and north to northeast beneath the 100 Area toward the Columbia 
River. The river serves as the regional discharge for both the unconfined and confined 
aquifers. The general eastward groundwater flow is interrupted by artificial recharge 
mounds near the 200 Areas. Precipitation and runoff provide natural recharge to the 
unconfined aquifer . 

1.3.2.3.1 Hydrogeology of the 100 Area. Hydrostratigraphy. Six 
hydrostratigraphic units are identified beneath the 100 Area. They are: lower confined 
aquifer system, lower aquitard, upper confined aquifer system, upper aquitard, unconfined 
aquifer, and the vadose zone. Figure 1-7 shows the hydrostratigraphy for the I 00 Area. 
The four upper hydrostratigraphic units are of importance to the 100 Area. 

• Upper Confined Aquifer 

The upper confined aquifer is contained in the basal Ringold Formation and 
consists primarily of clays, sand, and gravel. The hydraulic conductivity of 
the basal Ringold Formatiqn has not been measured in the 100 Area; however, 
since it contains significant quantities of clay and silts, conductivity is expected 
to be low. 

• Upper Aquitard 

The upper aquitard is comprised of the clays, silts, and fine sands of the lower 
Ringold unit. The estimated vertical hydraulic conductivity of this zone from 
test results at 100-H Area is I0-4 ft/day (Liikala et al. 1988). 
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The unconfined aquifer is primarily found within the Ringold Formation above 
the lower Ringold unit. Portions of the Hanford formation may be locally 
included. An important hydrostratigraphic zone in the unconfined aquifer is a 
silty sand zone that separates the relatively coarse upper and lower sand and 
gravel zones. This zone may act as an aquitard and restrict groundwater flow 
between the upper and lower portions of the unconfined aquifer. 100-H Area 
aquifer tests results provide a hydraulic conductivity range of 10 to 100 ft/day 
for the silty sand and gravelly silt sand units of the Ringold Formation (Liikala 
et al. 1988). 

• Vadose Zone 

Vadose zone sediments range in particle size from boulders to silt. Field 
water contents of these sediments range up to 11 percent at the 100-H Area 
(Liikala et al. 1988). 

Groundwater Flow. In general, groundwater flows toward the river. Studies at 
some 100 Area facilities show that gradient reversals occur near the river due to fluctuations 
in river stage. Depth to groundwater in the 100 Area ranges from about 40 ft (12 m) near 
the river to 200 ft (61 m) at the southern margin. The hydraulic gradient ranges from 0.001 
to 0.0001 ft/ft (m/m). 

1.3.2.4 Surface Water Hydrology. 

1.3.2.4.1 Drainage Patterns and Surface Run-off. No well-defined drainage 
channels exist within the 100 Area. The surficial deposits of the area are highly permeable 
and consist primarily of coarse sands, pebbles, cobbles, and boulders. Direct precipitation 
over the unit is mostly lost through evaporation, transpiration, and infiltration (ERDA 1975). 
Normal precipitation, 6.25 in. (15.9 cm) per year (Stone et al. 1983), and extreme 
precipitation events in combination with high evaporation and soil infiltration capacities, does 
not generate significant surface runoff. Any surface runoff, however, would flow toward the 
Columbia River. 

1.3.2.4.2 Seeps and Springs. Small groundwater seeps have been seen during low 
river stage near many of the reactor areas (McCormack and Carlile 1984). Seepage is partly 
from bank storage and is affected by changes in river stage. During periods of high river 
stage, the flow of groundwater may be temporarily reversed. The volume of the seep 
discharges has not been quantified. No other naturally occurring surface water exists in the 
100 Area. 

1.3.2.4.3 Streamflow Characteristics. The Columbia River is the largest river in 
the Pacific Northwest and the fifth largest river (by volume) in North America. Eleven dams 
regulate its flow within the United States: seven upstream and four downstream of the 
Hanford Site. Priest Rapids Dam , located at approximate river mile 397, is the nearest 
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impoundment upstream of the Hanford Site. McNary Dam in the nearest dam downstream, 
at river mile 292. 

The Hanford Reach extends from Priest Rapids Dam to the head of Lake Wallula, the 
impoundment behind McNary Dam, at approximate river mile 351. The Hanford Reach is 
not impounded; however, it is regulated by Priest Rapids Dam. River discharge peaks in 
June and is lowest in September and October. Table 1-29 describes the major characteristics 
of the Columbia River. 

1.3.2.4.4 Flooding Potential. Maximum Columbia River floods of historical record 
occurred in June 1894 and June 1948. Maximum flows during these floods were about 
740,000 and 690,000 ft'/s (20,900 to 19,500 m3/s), respectively (McGavock et al. 1987). 
Construction of several dams upstream of the Hanford Site since 1948 has significantly 
reduced the likelihood of recurring floods of this magnitude (DOE 1987). The probable 
maximum flood has been calculated to be about 1.4 million ft3/s (39,600 m3/s) and would be 
expected to inundate the northern and eastern portions of the 100 Area (DOE-RL 1982, DOE 
1987, Cushing 1988). The flooded area for a flood of this magnitude is shown in 
Figure 1-10. The 100-year and 500-year floods, which would be of lower flow volume than 
the probable maximum flow, are not expected to significantly affect the area. 

1.3.2.5 Meteorology. Climatological data are available from the Hanford Meteorological 
Station (HMS), located between the 200 East and 200 West Areas in the central portion of 
the Hanford Site. Data have been collected at the HMS since 1945, and precipitation and 
temperature data from nearby locations are also available for the time period 1912 through 
1943. Data from the HMS are assumed to represent the general climatic conditions for the 
entire site. The summaries presented in the following sections were extracted from DOE 
1987. Data from the Vernita Bridge climatological station were not included. 

1.3.2.5.1 Precipitation. The Hanford Site is located within a rain shadow formed 
by the Cascade Mountains to the west. The average annual precipitation at the site is 6.3 in. 
(16 cm) . Most of the precipitation takes place during the winter, with nearly half of the 
annual amount occurring from November through February. Average winter monthly 
snowfall ranges from 0.3 in. (0.8 cm) in March to 5.3 in. (13.5 cm) in January. 

Days with precipitation greater than 0.5 in. (1.3 cm) occur with a frequency of less 
than 1 percent during the year. The average annual relative humidity is 54 percent. 
Humidity is higher in winter than in summer, averaging about 75 and 35 percent, 
respectively. 

1.3.2.5.2 Temperature. Average monthly temperatures at the Hanford Site range 
from 29°F (-l.5°C) in January to 76°F (24.7°C) in July. 

1.3.2.5.3 Wind. In general , prevailing wind directions are from the northwest 
throughout the year. Monthly average wind speeds are lowest during the winter, averaging 
6.2 to 6.8 mi/h (10 to 11 km/h) . Monthly average wind speeds peak in the summer, 
averaging 8. 7 to 9.9 mi/h (14 to 16 km/h). Wind speeds well above average are usually 
associated with southwesterly winds. In the summer, high-speed winds from the southwest 
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are responsible for most of the dust storms in the region. High-speed winds are also 
associated with afternoon winds and thunderstorms. The summertime drainage winds are 
usually northwesterly and frequently reach 31 mi/h (50 km/h). An average of 10 
thunderstorms occur each year, usually during the summer. 

1.3.2.5.4 Evapotranspiration. Mean annual evapotranspiration for the Hanford area 
is about 60 in. (74 cm). The actual annual evapotranspiration rate under normal conditions 
for a 6-in. (15-cm) assumed available water capacity is estimated to be about 7 in. (18 cm) 
(USWB/USDOA 1962). 

1.3.2.6 Environmental Resources. 

1.3.2.6.1 Flora. The natural vegetation consists mostly of a sparse covering of 
desert shrubs and drought-resistant grasses, predominantly from the sagebrush/cheatgrass/ 
bluegrass community. Bitterbrush and rabbitbrush are also common shrubs (DOE 1987; 
PNL 1988). A narrow riparian zone, consisting of grasses and herbs interspersed with a few 
deciduous shrubs and trees, exists along the banks of the Columbia River. 

Endangered and threatened flora that could exist at the Hanford Site are listed in 
Table 1-30. Persistentsepal yellowcress is found along the Hanford Reach and has recently 
been located in the 100-B and -D Areas (Sackschewsky 1992). 

1.3.2.6.2 Fauna. Predominant fauna of the sagebrush/grass community that may 
reside in or near the 100 Area are the cottontail rabbit, jackrabbit, Great Basin pocket 
mouse, homed lark, and western meadowlark. Mule deer, coyotes, and assorted species of 
raptors forage in this habitat type, and grasshoppers are the most conspicuous insects in the 
community (DOE 1987). Shade trees provide nesting sites for hawks, owls, and great blue 
herons as well as perches for wintering bald eagles (Rickard et al. 1980, Rickard and Watson 
1985). 

Dominant riparian fauna along the Columbia River include swallows, gulls, and 
waterfowl (ducks and geese) . The long-billed curlew is also known to nest within the 
cheatgrass habitat in the 100 Area (Allen 1980). 

The Columbia River is the dominant aquatic ecosystem on the Hanford Site and 
supports a large and diverse community of plankton, benthic invertebrates, fish , and other 
communities. Phytoplankton (free-floating algae) and periphyton (sessile algae) are abundant 
in the Columbia River and provide food for herbivores such as immature insects, that are 
consumed by carnivorous species. Game species in the Columbia River include salmon, 
bass , sturgeon, steelhead, and whitefish. 

Table 1-30 lists endangered and threatened fauna that potentially occur at the Hanford 
Site. Of the threatened species that could be found at the Hanford Site, only the bald eagle 
is known to frequent the 100 Area. Endangered animal species likely to occur on and along 
the Columbia River in or near the 100 Areas are the American white pelican, the peregrine 
falcon, and the sandhill crane. 
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1.3.2.6.3 Critical Habitats. Bald eagle roost trees , and nesting and foraging areas 
are regarded as critical habitats for this species (Washington State Department of Wildlife 
1987). No other critical animal habitats exist in the 100 Area due to the transient use of the 
100 Area by other endangered and threatened animal species. 

1.3.2.6.4 Land Use. Access to the entire Hanford Site is administratively controlled 
by the DOE (DOE 1987). The site is zoned as an unclassified use district by Benton County 
and, under the county's comprehensive land-use plan, the Hanford Site may be used for 
nuclear-related activities. Nuclear and non-nuclear activities are authorized only on approval 
from DOE. 

Land use in the area surrounding the Hanford Site consists primarily of irrigated and 
dry-land farming, livestock grazing, and urban and industrial development. (DOE 1987) 
Immediately north and across the river from the 100 Area are the 32, 100-acre Saddle 
Mountain National Wildlife Refuge and the 55,600-acre State of Washington Department of 
Wildlife Reserve (Figure 1-1). These lands provide a buffer zone around the reactor 
complexes (DOE 1987). 

1.3.2.6.S Surface Water. The Hanford Reach of the Columbia River, near the 100 
Area, is used for boating, fishing, hunting, and swimming (EPA 1988b). The 181-B 
pumphouse supplies portable and process water to the 100-B/C, 100-D, 100-N, 100-K, and 
200 Areas. The nearest downstream water intake is the 181-D pumphouse; the next 
downstream water intake is the Ringold Fish Hatchery. The Richland pumphouse, the first 
point of withdrawal for public use, is located 12.5 miles downstream of the 100-F Area. 

1.3.2.6.6 Groundwater. The nearest known non-Hanford groundwater well is 
located about 4 mi (6 km) upstream at the Vernita Bridge rest area. Because of the buffer 
zone and the surrounding land use, private wells would be located at a minimum of 5 mi (8 
km) from the 100 Area to the northwest. 

1.3.2.6. 7 Sensitive Environments. The Hanford Reach is the only significant 
stretch of the Columbia River· within the United States above Bonneville Dam that is not 
impounded by a dam (PNL 1988). The reach has also been designated as a Class A 
(excellent) surface water by the State of Washington (WAC 173-201) . This designation 
requires that water quality be maintained for the following uses: 

• Domestic, industrial , and agricultural water supply 
• Stock watering 
• Fish and shellfish migration , rearing , spawning , and harvesting 
• Wildlife habitat 
• Recreation (including primary contact recreation) 
• Commerce and navigation . 

1.3.2. 7 Human Resources. The Hanford Reach is under consideration for designation as a 
Wild and Scenic River. This designation could have impacts on removal actions at Hanford. 
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1.3.2. 7 .1 Demography. No one resides on the Hanford Site. The working 
population for the entire 100 Area is about 760 persons (EPA 1988b). 

1.3.2. 7 .2 Archaeological Resources. Archaeological sites are found in several 
locations on the Hanford Site including locations along the Hanford Reach. Both the 
Ryegrass and the proposed Coyote Rapids Archaeological Districts are located on or near the 
100 Area. Site 45BN153, lying partially within the 100-B/C Area, consists of house pits and 
an open campsite but is not considered eligible for the National Register of Historic Places. 
The other two sites lie on the opposite bank of the Columbia River across from the 100-B/C 
Area. The K Area includes two campsites and one cemetery, all three contained in the 
Ryegrass Archaeological District. The N Area has 8 sites, three of which are located north 
of the river. No information is available for sites in the D Area, but several sites are located 
in the vicinity of the 100-H Area. Archaeological sites at the Hanford and White Bluffs 
townsites, as well as old ferry crossings, are the only sites associated with the F Area. 

1.3.2.7.3 Historical Resources. The 100-B reactor is listed on the Historic 
American Engineering Record and may be nominated to the National Register of Historic 
Places by DOE. Gable Butte is a part of the Gable Mountain/Gable Butte Cultural District. 
The district is being nominated to the National Register of Historic Places on the basis of its 
archaeological and Native American cultural/religious significance. (Chatters 1989). 

1.3.2.7.4 Community Involvement. The involvement of the potentially affected 
community with respect to the RI/FS for the 100 Area is described in the Community 
Relations Plan (CRP) that has been developed for the Hanford Site Environmental 
Restoration Program. The CRP includes a discussion and analysis of key community 
concerns and perceptions about the project, with a list of all interested parties. 
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Figure 1-6. Air Sampling Locations 
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Figure 1-7. Conceptual Hydrostratigraphic Column for the 100 Area 
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Figure 1-9. Geology of the Water Table 
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Figure 1-10. Flooded Area for the Probable Maximum Flood 
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Table 1-1. Reactor Status 

I 
OPERATED 

CONSTRUCTED 
FROM I 

1943 1944 

1951 1952 

1952 - 1954 1955 

1952 - 1954 1955 

1959 - 1962 1963 

1943•· 1944 

1949•• 1950 

1948"" 1949 

1943 - 1945 1945 

Source: DOE 1990a-e, DOE 1991a-f 

TO I 
STATUS 

1968 Retired 

1969 Retired 

1971 Retired 

1970 Retired 

1987 Shutdown in 
progress 

1967 Retired 

1964 Retired 

1965 Retired 

1965 Retired 

• B reactor was held in standby status from 3/19/46 to 6/2/48, then restarted. 
•· Construction dates assumed in correlation with reactor operational dates. 
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I 
AREA 

I 
OPERATION 

I 
PERIOD OF 

I 
ACTM1Y 

I OPERATION 

100-F Fish Studies 1945 - 1976 Exposing fish to reactor cooling water effluent. Water discharged to PNL 
outfall structure. 

Fish Studies circa 1951 Additional Aquatic Biology Laboratory facility constructed with hatchery 
troughs and laboratories. 

~ 
~ 
C" -('ti 

Sheep Studies late 1940s Using about 1000 sheep in dose studies with iodine-131, strontium-90, and .... 
I 

cesium-137. N . 
Pig Studies 1952 Similar exposure studies as those conducted with sheep. "'0 

0 
ti) 
~ 

Miniature Goats, Milk Various Times Pilot Studies. ~ 
Cows, Chickens, and ('ti 

~ 
Ducks n 

~ 

Beagles Unknown 300 - 400 dogs used to study affects of ionizing radiation. Mainly used 
plutonium-239 

Strontium Gardens Unknown Studied growth of cereal grains, alfalfa and other crops in soil containing 
controlled amounts of strontium-90 and cesium-137. 

0 ti ., 
0 0 ti ~ "O >; 
~ ('ti t,) ., ;::,t""' ~ I 

~ 0:, \0 .... 
0 N 

~ 
I ...... 

Greenhouse Unknown Radioecological experiments: grew potted plants. 
...... -M 

~ 

100-B/C In Situ Vitrification May 1990 116-B-6-1 Crib used for in situ vitrification experiment. n 
c 

100-H N Reactor Fuel 1973 to 1985 Treated, by solar evaporation in the 183-H Basins, waste solutions from N 
Q. .... 
= Fabrication Waste reactor fuel fabrication facilities in the 300 Area. Both routine and non- (JQ 

Treatment routine wastes were treated. z 
~ 

100- N Reactor irradiated 1975 to The 105-KE and 105-KW storage basins are used to store N reactor irradiated 
KE/KW fuel storage present fuel elements. After short-lived radioisotopes decayed, they were shipped to 

the 200 Areas for reprocessing. 

('ti 
~ 
n 
~ 

0 ., -
I Source: DOE 1991c I 
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Table 1-3. Water Treatment Additives 

I ADDITIVE I PURPOSE 

Alum with excess sulfuric acid Enhance removal of suspended 
particulates by flocculation. 

Hydrated calcium oxide Control pH (maintained at 7.5). 

Chlorine Control algae growth in settling basins 
(free chlorine residual: 0.2 ppm). 

I Source: DOE 1991c 
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Table 1-4. Retention Basin Contamination 

Area of Average Maximum 
Contamination Contamination Contamination 

(Ci) (Ci) 

Contamination inside the retention 
basins: 

- Sludge 42 92 (116-B-11) 
- Soil Fill 6.6 18 (116-H-7) 
- Concrete 10 13 (116-DR-9, 11-H-7) 

Contamination outside the 
retention basins: 

- Soils Under Basins 84 280 (116-B-11) 
- Soils Adjacent to 12.6 27 (116-D-7) 

Basins 

Source: Dorian and Richards, 1978 (Activity as recorded in 1978; Values not 
decayed to present) 
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VI 

LIQUID REACTOR PURPOSE/WASTE TOTAL MAJOR 
EFFLUENT AREA RECEIVED RADIONUCLIDE RADIONUCLIDES 

SYSTEM INVENTORY PRESENT 
COMPONENT 

Retention Basins B, C, D, Normal effluent from S - 400 + Curies 137Ca, 60Co, 152Eu, 
DR, F, H, reactor production per basin 154Eu, 65Ni, ~r. 
KE,KW operations, occasional D9!240pu 

fuel clement rupture 
effluent 

Effluent B, C, D, Transferred effluent No inventory data 137Cs, 60Co, meu, 
Pipelines DR, F, H, frol_TI reactor to available. 154Eu, 63Ni, lff, 

KE, KW retention basin , to 155Eu, ~r 
outfall structure, and to 
river 

Outfall B, C, D, Used to channel No inventory data 137Cs, 60Co, 152Eu, 
Structun:s DR, F, H, effluent from the available. 154Eu, 63Ni, JH, 

KE, KW retention basin to the 155Eu, ~r 
middle of the river. 
Spillway used in case 
of overflow 

Source : Dorian and Richards, 1978 (Activities as recorded in 1978; Values not decayed to present) 

MAXIMUM POTENTIAL 
PLUTIONIUM CHEMICAL 

CONCENTRATION CONTAMINANTS 

340 pCi/g in sludge, Chromium, water 
22 pCi/g in fill, 5.4 treatment chemical 
pCi/g in soils beneath additives 
basins, 13 pCi/g in ~ 
soils adjacent to 
basins. 

~ 
C" -tt> 
~ 

No sampling data Same as retention 
available. basins 

I 

!JI 
t""4 .... 

,.Q 
C: .... 

No sampling data Same as retention 
available. basins 

Q.. 
0 M 

8 0 
C: 0~ 
tt> fil, ~ = - I 

V) to '° 
'< N 

I 
rn ...... - ...... tt> a 
('j 
0 = -~ a .... = ~ .... .... 
0 = 
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LIQUID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL 
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL 

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS 

Pluto Cribs 8, C, D, Effluent from fuel <0.1 to 3 Curies ~r. 3H, u2Eu, Dlll240J>u: 110 pCi/g Chromium, water 
DR,F,H clement ruptures 260 Curies in 105-C is.Eu, I.ISEu, 60Co, treatment chemical 

pluto crib sand filter 137Cs additives '""3 
r.:i 
O"' 

Dummy/P.:rf B,F, H Liquid wastes from 0.007 to 1.3 Curies ~r. 3H, mEu, 2391240
Pu : 2.3 pCi/g Chromic, citric, 

Decontamination decontamination of as.Eu, I.ISEu, 60Co, oxalic, nitric, 
Cribs process dummies 137Cs sulfamic, and 

;---I ?'-
sulfuric acids used 
in decon . 

C 
.Q 
C: 

I 08 Building B, D Contaminated liquid I 16-B-5: 300 'H 0.33 pCi/g No data available . Q. 

Cribs effluents from 108 Curies ~ 
buildings 

116-D-3, -4: < 0.1 

c:i a V, .... 
0 ('t) 

Curie 

115 Building KE, KW Condensate and 240 Curies 'H, 1•c None No data available. 
Cribs liquid waste from 

reactor gas 

0 tJ tT1 --..., 
:;l:l V, p.., 

"O ~- r-
0 I 

V, ti:) \0 
c:i N - I 

purification systems ~ 
c:i 
(") 

117 Building B, D, DR, Drainage from 0.0001 Curies at F ~r. 152Eu, 137Cs, 239Pu: 0.1 pCi/g No data available . -· --· Cribs F,H confinement system Area, less than 239Pu 
.... re· 

seal pits background at other V, 

Areas 
,,--, 

""O 
c:i 

116-F-5, F Wastes from 0.00092 Curies ~r. is.Eu, usEu, None Nitric acid 
(JQ 
('t) 

100-F Ball decontamination of 137Cs .... 
Washer Crib boron-steel balls 0 -, 

116-KE-2, KE Radioactive liquids 38 Curies ~r, 60Co 2391240J>u: 2.1 pCi/g Sodium hydroxide 
w 
'--' 

1706-KER Crib from cleanup 
columns in 1706-
KER loop 



LIQUID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL 
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL 

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS 

116-DR-7, DR Liquid potassium <0.1 Curies WSr, 1)4Cs, 137Cs None Potassium borate 
105-DR borate solution from 

Inkwell Crib the 3X system prior ""3 
to the Ball 3X system 
upgrade 

~ 
O" 
;;-

French Drains• B, D, F, K Area: sulfuric acid No radionuclide No radionuclide No radionuclide 120-KE-l contains 
KE, KW sludge from the acid inventories inventories available. inventories available. about 200 kilograms 

.... 
I 

?'-
storage tanks, also available. of mercury . The C 
mercury . Other 120-K drains have 
areas received liquid PNL Hazardous 
wastes from various Ranking System 
decontamination Migration Scores of 
processes and 40 + , the other 
effluent water from drains have scores 
botany experiments of zero . 
in the F Area . 

Liquid Waste B, C, DR, Effluent from 107 3.1 to 79 Curies WSr, 3H, mEu, D 91240Pu: 5 . 3 pC ii g Chromium, water 
Disposal F,H, K retention basins u•Eu, IS5Eu, 60Co, treatment chemical 
Trenches during fuel element IS4Cs, mes, u additives 

,Q 
C: 

Q. 

~ 
~ 

t1 en ... 
0 (t) 

0 t1 tr1 
---...., :;;o en p.) 

'O ....... r-~ 

0 I 

en a, '-0 
~ 10 - I 

"'r:I 
~ 

failures ~---· ... 
K Tn:nch KE , KW Fuel storage basin 2100 Curies 63Ni, mEu, 154Eu, 2391

~ : 130 pCi/g Chromium (sodium 
overflow, leakage 60Co, mes dichromate); 

-· (t) 
en 

-----from retention basin sulfamic acid, 
valves, wastes from sulfuric acid, and 
contaminated floor copper sulfate 
drains, periodic other disposed to trench 

'"Cl 
~ 

(IQ 
(t) 

l'-' 
0 

liquid waste streams -, 
~ .__, 

105 Storage B,D, DR, F Water and sludge 0 .0021 to 4.7 WSr, 3H, 152Eu, 239il40pu: 6 .1 pCi/g Sodium dichromate 
Basin Trenches from fuel storage Curies 154Eu, 155Eu, 60Co, 

basins mes 

1608 Trenches DR,F,H Effluent during Ball 1.4 to 6 .5 Curies WSr, 3H, 152Eu, 239f240J>u: 0.76 pCi/g Sulfamic acid, 
3X Project mEu, 60Co, mes sodium dichromate 
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LIQUID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL 
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL 

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS 

Sludge Trenches B,D,DR Sludge wastes from No data available. No data available. No data available. No data available. 
the B Area retention Contamination may Contamination may Contamination may Contamination may 
basin be similar to be similar to be similar to retention be similar to ..., 

retention basin retention basin basin contamination retention basin 
contamination contamination contamination 

~ 
O' 
;--

Lewis Canal F Miscellaneous wastes 3 .4 Curies 1.12Eu, 154Eu, wco, 2391240pu : 0 . 99 pCi/ g Chromium ; 
from I 85-F and 190- 137Cs, JH sulfamic acid 

~ 
I 

?'-
F buildings, disposed to canal 
do.:contamination 

C 
.0 

wastes from 189-F C -· 
building , occasional 
front and rear face 

Q., 

~ 
reactor e fnuent 

l:l;) a V, .... 
0 ('t) 

Sources : Dorian and Richards , 1978 (unless otherwise noted) (All activities decayed through 1978) 
'WIDS 1991 (All activities do.:cayed th rough 4/1/86) 

0 a rn 
----., 
~ V, I'.') 

'O :::-- r--
0 I 

V, to \0 
l:l;) 1'0 

I 

"T1 
~ 
n -· --· .... . -· . ~ ('t) 
V, 

,,-... 

'"O 
~ 

(JQ 
('t) 

t,.I 

0 -. 
t,.I .._, 
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SOLID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL 
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL 

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS 

105 Burial B, C, D, F, Low-level solid 4000 tons of waste ~r. 3H, 1.12Eu, 1.0 pCi/g in 118-8-1, Lead, cadmium, 
Grounds H, KE , KW radioactive w.aste in 7 burial 154Eu, 60Co, 137Cs, no data available on boron, mercury, 

(118 Burial associated with grounds, 3900* 14C, 63Ni, ~i. other burial grounds graphite 
Sitc:s) reactor opc:rations: Curies in 7 burial IOlmAg, mea 

aluminum spacers , grounds 

""j 
~ 
r::1' 

lead-cadmium reactor ;-
poison pieces , boron *3800 Curies from ~ • 
splines, graphite, 60Co, 63Ni :--I 
process tubes, lead en 

0 
Tritium B Aluminum cladding 562 tons of wastes, 'H No data available . Metal hydrides of 

Se parations from target material , 11 ,000 Curies lithium, aluminum, 
Proj~t Burial stainless sled and lead, mercury, 

Grou nds containc:r and activated charcoal , 
n:mnant s, palladium , deliquescent 
natural and some compounds 
dc:pleted uranium, 
zirconium, solva 
beads , tritium 

--· Q. 

~ 
~ 

tJ V, -t1) 0 
0 tJtTl -· ~ ------V, 

~~ 'O 
0 
V, 

0:, 'D ~ - N 
contaminah:d pumps "Tl ' ....... 
and oil, glass line 
components 

~ ....... 
c. --· -

Biological F Sawdust and solids 10,000 yd3 of ~r 239Pu: 0 .3 Curies No data available ro· 
V, 

Burial Grounds from dog kennels and sawdust, 15 Curies 
swine pens : 118-F-5 

,-._ 

"'O 
~ 

10,000 cubic feet (IQ 
t1) 

Buried steel tanks of waste volume in ~ 

used to incinerate l l 8-F--0, 15 Curies 
carcasses : 118-F-6 

0 -. 
N ,._.. 
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SOLID WASTE REACTOR PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL 
DISPOSAL SITE AREA RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL 

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS 

Ash Pits• B, D,F,H Coal ash sluiced with No radionuclide No radionuclide No radionuclide No sampling data 
river water contamination contamination contamination available. Only 

expected expected expected one ash pit 
determined to be ~ 
toxic using an EP ~ 

O' 
toxicity test tD 

~ 
I 

:---1 

1311m Pits• B, C, D, F, Nonradioactiv.: No radionuclidt: No radionuclide No radionuclide Asbestos may be CFJ 
0 

H,K combustibks , glass , contamination contamination contamination present 
scrap m.:tal, paints, expected expected expected 
solvents, lab wastes, 
ofliet: wastes 

= c.. 

:E 
i:i,; 

tj c,, .... 
('t) 0 

Sin rage C, F, KE , l-lurizontal contro l Radiation readings Radionuclides are Radionuclides are No data available 
Caves/Vaults" KW rods were temporarily from lmR/hr up to unknown unknown 

stored for deeay prior 50 mR/hr are 

0 o rn 
i;;· ""1 .,,,,.--

'0 ~~ 0 
to disposal, one .:ave present at tunnel 
contains 4 rod tips, entrances 
also miscellan.:ous 

c,, to \0 2?.. N 
I 

"%'.l ...... 
~ ...... 

reactor hardware r':> .... --· .... 
Demolition Sites B, D, DR, Low level No radionuclide No radionuclide No radionuclide No sampling data 

and Landlills" H,K construction wastes , contamination contamination contamination available. 
tc' 
c,, -demolition wastes expected expected expected ""O 
i:i,; 

(JQ 

Source: Miller and Wahlen, I 987 (unless otherwise noted; Activities as recorded in I 987; Values not decayed to present) 
"DOE-RL I 99 la (Values decayed through 4/1/86) 

('t) 

N 
0 ...., 
N --
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SOLID WASTE PURPOSE/WASTE TOTAL MAJOR MAXIMUM POTENTIAL 
DISPOSAL SITE RECEIVED RADIONUCLIDE RADIONUCLIDES PLUTONIUM CHEMICAL 

TYPE INVENTORY PRESENT CONCENTRATION CONTAMINANTS 

Cribs Radiated water 8,089 Curies for 60Co, ~r, 1116Ru, ZJ9J>u: 18 Curies for Hydrazine, ammonia, 
containing activation 116-N-I (1988 Values) 154Cs , mes, 239pu 116-N-I (1988 Values) chloride, and fluoride test 
and fission products, solutions, lead- acetate 
small quantities of 2 .6 Curies for 116-N-3 battery fluid, nickel-
corrosives and 1,932 Curies for 116- (1988 Values) cadmium battery fluid, 
laboratory chemicals N-3 (1988 Values) sodium dichromate 

French Drains Sulfuric acid or None expected Not applicable Not applicable Acids, caustics , lead 
sodium hydroxide wastes found in some of 

the drains, others had no ""'3 
evidence of acid or heavy ~ 

O"' 
metal wastes . -(t) -Ponds Used lo treat None expected Not applicable Not applicable Analysis of filter backwash I 

tJ 00 
corrosive effluent indicates that it 0 
regeneration effluent, does not contain any listed 
to settle out solids dangerous wastes . (Krug 
from filter backwash , 1989) Other contaminant 
and to dispose of data was unavailable. 
backwash effluent, 
the 130-N- l pond 
also received 

- o m 0 
0 ..., ------I ~ :::0 z :::,t'""" 

~ to 'D 
N 

(t) I 

~ ...... ...... 
en 
0 

aluminum sulfate and = ., 
polyactylamide (') 

(t) 
Cll 

Miscellaneous Decontamination 90,000 gallon spill, 60Co (26 Curies) No data available phosphoric acid, 
Liquid Waste wastes containing contained about 35 (1972 Value) diethylthiourea, sodium 

Facilities 70% phosphoric acid Curies (1972 Value) hydroxide 
and diethylthiourea 

I Sources: DOE 1990d I DOE-RL 1991a 
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Table 1-9. 1989 Data from Onsite and Offsite Soil Sampling 
Hanford Environmental Monitoring Program 

Contaminant Onsite• Average Offsite• Average 
pCi/g (dry weight)b pCi/g (dry weight? 

Strontium-90 0.25 .±. 0.33 0.13 .±. 0.03 

Cesium-137 2.48 .±. 9.90 0.74 .±. 0.27 

Plutonium-239 /240 0.061 + 0.296 0.013 .±. 0.033 

Uranium 0.60 .±. 0.51 0.73 .±. 0.13 
1 12 onsite samples, 23 offsite samples. 
IYJbe values given after the .±. sign are two standard errors of calculated mean. 
Source: DOE 1990d (Activity as recorded in 1989; Values not decayed to present) 

lT-9 
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Table 1-10. Hanford Site Soil Background 

CONSTITUENT BACKGROUND VALUE 
(ppm) 

Aluminum 15,100 

Calcium 22,000 

Copper 32.2 

Iron 38,200 

Lead 15.4 

Sodium 167 

DOFlRL 1992c 

lT-10 
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Table 1-11. Contaminant Concentrations in the 100 Area Soils, Environmental 
Monitoring at Hanford for 1987 

Location Strontium-90 Cesium-137 Plutonium-239 /240 Uranium 

1 Mile NE of 100-N Area 0.24 + 0.01" 0.81 + 0.05• 0.015 + 0.001 • 0.19 + 0.06· 

1 Mile E of 100-N Area 0.31 + 0.01 1.1 + 0.1 0.023 + 0.002 0.34 + 0.10 

100 Area Fire Station 0.33 + 0.01 1.3 + 0.1 0.017 + 0.001 0.35 + 0.10 

Southwest of B/C Cribs 0.02 .±. 0.01 0.01 .±. 0.02 0.001.±. 0.001 0.19 ..±. 0.05 

All units in pCi/g, dry weight. 
•1986 data. Location sampled on alternating years. 
Source: Jaquish and Mitchell 1988 (Values not decayed to present) 

lT-11 
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Table 1-12. Soil Contamination Ranges in the Retired 100 Area, UNC 
Environmental Monitoring Project, FY 1985 

Area Cobalt-60 Strontium-90 Cesium-137 Plutonium-238 Plutonium-239 /240 

B/C 0.13 - 0.49 0.014 - 0.050 < 0.076 - 0.85 <0.00014 - 0.00040 0.00058 - 0.0011 

D/DR 0.15 - 0.36 0.033 - 0.075 0.058 - 0.44 < 0.00012 - 0.00031 0.0015 - 0.0052 

F 0.16 - 0.64 0.050 - 0.56 0.19 - 2.8 <0.00017 - 0.0021 0.0015 - 0.032 

H 0.14 0.086 - 0.11 0.23 <0.00013 - 0.00025 0.0039 - 0.0074 

K 0.11 - 1.6 0.056 - 0.66 0.092 - 2.0 <0.00019 - 0.0051 0.0012 - 0.12 

All units in pCi/g, dry weight 
Source: Jacques, 1986 (Values not decayed to present) 

lT-12 
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Table 1-13. Average Radionuclide Concentrations in 100-N Area Subsurface 
Soil from 1981 to 1985 

Year Manganese-54 Cobalt-60 Strontium-90 Cesium-137 Plutonium-239 /240 

1980 0.24 0.85 0.18 0.50 0.018 

1981 0.16 1.3 0.21 1.0 0.011 

1982 0.13 1.6 0.099 0.34 0.0050 

1983 0.21 2.7 0.29 0.44 0.0085 

1984 NR 0.88 0.28 0.62 0.014 

1985 .012 1.2 0.13 0.52 0.013 

All units in pCi/ g, dry weight. 
Source: Jacques 1986 (Values not decayed to present) 

lT-13 
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Table 1-14. Estimated Background Levels for Selected Constituents 
in Hanford Groundwater 

Constituent Detection• Background 

Aluminum 2b <2b 

Ammonia 50 <50 
Arsenic Q.2b 3.9 j:_ 2.4b 
Barium 6 42 + 20 
Beryllium Q.Jb Q.Jb 

Bismuth Q.Q2b <Q.Q2b 
Boron so· <SO• 
Cadmium Q.2b <0.2b 
Calcium 50 40,400 .±. 10,300 
Chloride 500 10,300 + 6,500 

Chromium 2b 4.Q j:_ 2.Qb 
Copper lb <lb 

Cyanide 10 <10 
Fluoride 500 370 + 100 
Lead Q.5b <Q.5b 

Magnesium 10 11,800 .±. 3,400 
Manganese 5 7 .±. 5 
Mercury 0.1 <0.1 
Nickel 4b <4b 
Phosphate 1000 <1000 

Potassium 100 4,950 .±. 1,240 
Selenium ,; 2b <2b 
Silver ' 10 <10 
Sodium 10 18,260 .±. 10,150 
Strontium 20 236 + 102 

Sulfate 500 34,300 .±. 16,900 
Uranium OS 1. 7 .±. 0 .8" 
Vanadium 5 17 .±. 9 
Zinc 5 6.±_ 2 
Alkalinity -- 123,000 + 21,000 

pH -- 7.64 .±. 0.16 
Total Organic Carbon 200 586 + 347 
Conductivity ld 380 + 82" 
Gross Alpha OS 2.5 j:_ 1.4c 
Gross Beta 4c 19 + lZC 

Radium 0.2c <0.2" 
Tritium -- ~ 

(a) Units in ppb unless otherwise noted. 
(b) Based on Induction Coupled Plasma-Mass Spectrometry (ICP /MS) data. 
(c) Units in pCi/L. 
(d) Units in µmho/cm. 
Source: DOE 1991c (Values reported for 1988) 

lT-14 
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Table 1-15. Hanford Site Groundwater Background, Summary of 
Provisional Threshold Values (Page l of 2) 

CONSTITUENT - UNITS PROVISIONAL THRESHOLD 
VALUE 

Aluminum ppb <200 
Ammonium ppb 120b 
Arsenic ppb lQb 

Barium ppb 68S 
Beryllium ppb <5 

Bismuth ppb <5 
Boron ppb <100 
Cadmium ppb <10 

·calcium ppb 63,600b 
Chloride, Low ppb 8,690b 

Chloride, High ppb 28,500b 
Chromium ppb <30 
Copper ppb <30 
Fluoride, LDL ppb 1,340bc 
Fluoride, LDL0 ppb 775b 

Iron, Low ppb 86b 
Iron, Mid ppb 291" 
Iron, High ppb 818" 
Lead ppb <5 
Magnesium ppb 16,480. 

Manganese, Low ppb 24.5b 
Manganese, High ppb 163.5b 
Mercury ppb <0.1 
Nickel ppb - <30 
Nitrate ppb 12,400b 

Phosphate• ppb <1.000" 
Potassium ppb 7,975· 
Selenium ppb <5 
Silver'1 ppb <Hf 
Silicon ppb 26,500b 

Sodium ppb 33,500b 
Strontium ppb 264.1" 
Sulfate ppb 90,500b 
Uranium pCi/ 1 3.43b 
Vanadium ppb . 15b 

Zinc, Low ppb <50 
Zinc, High ppb 673" 
Field Alkalinity ppb 215,000b 
Lab Alkalinity ppb 210,000b 
Field pH [6.90, 8.24]' 

1T-15a 
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Table 1-15. Hanford Site Groundwater Background, Summary of 
Provisional Threshold Values (Page 2 of 2) 

CONSTITUENT UNITS PROVISIONAL THRESHOLD 
VALUE 

Lab pH [7.25, 8.25]" 
TOC ppb 2,61Qb 
TOC' ppb 1,61Qb 
Field Conductivity umho/cm 539• 
Lab Conductivity umho/cm 53Qb 

TO:X, LDL 6Q.8b 
TOX, LDL0 ppb 37.6b 
Total Carbon pCi/ 1 50,lO0b 
Gross Alpha pCi/ 1 63b 
Gross Alpha0 5_79ac 

Gross Beta pCi / 1 35.5b 
Gross Beta0 pCi / 1 12.6210 

Radium pCi/ 1 0.23b 

Source: DOE-RL 19926 
"Based on normal distribution. 
bBased on non-parametric tolerance interval, maximum value reported. 
"Potential outlier observation(s) were removed. 
dBased on inductively coupled plasma/mass spectroscopy (ICP / MS). 
"From springs data (Early et. al. , 1986). 
< Indicates compound was analyzed for but not detected. Reported value after the "< " sign is the 
detection limit. 

1T-15b 
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Table 1-16. Concentration Ranges of Key Inorganic Constituents in 100 Area 
Groundwater - 1989 Sampling Data 

Area Number of Nitrate* Cyanide Filtered 
Wells/Number Concentration Concentration Chromium 
of Samples Range (µg/L) Range (µg/L) Range (µg/L) 

45 mg/L MCL 

B/C 4/4 12,900 - -- < 10 - 18 
48,400 

D/DR 3/3 69,500 - -- 120 - 692 
122,000 

F 4/4 . <500 - -- <10-13 
151,000 

H 23/63 4,600 - < 10 12 - 420 
524,000 

K 8/8 3,000 - -- < 10 - 120 
51,300 

N 35/148 < 500 - 87,900 <10 <10 

Source: Evans et al., 1990 (Activities as recorded in 1989; Values not decayed to 
present) 
* Taken from Table C.2, Evans et al., 1990 

lT-16 



' Area Number of Tritium Nitrate• Gross Beta Strontium-90 Technetium-99 
Wells/Number of (pCi/L) (µg/L) (pCi/L) (pCi/L) (pCi/L) 
Samples 

B/C 7/19 1,980 - 12,900 - 8.18 - 105 0.45 - 53.5 91.5 - 179 
42,900 48,400 

D/DR 3/10 3,690 - 57,000 - 5.14 - 94.7 0.42 - 45.2 0 - 0.51 
53,300 122,000 

F 7/20 56 - 9,550 <500 - 5.14 - 271 0-244 0-2 
167,000 

H 23/90 429 - 5,280 4,600 - 0.22 - 250 -- 0.01 - 2440 
524,000 

K 8/27 491 - 3,000 - 3.4 - 29.8 0.16 - 3.39 2.85 - 18.9 
882,000 66,000 

N 43/171 27 - 218,000 <500 - 2 - 39,000 0.04 - 23,400 0.58 - 11.1 
93,000 

Area Gross Alpha Total Cobalt-60 Cesium-137 Plutonium- lodine-129 
(pCi/L) Uranium (pCi/L) (pCi/L) 239/240 (pCi/L) 

(pCi/L) (pCi/L) 

B/C 3.33 0.77 - 14.40 0 - 12.70 0 - 3.97 -- --

D/DR -- 0.57 - 2.39 0.81 - 10.90 0 - 7.01 -- --

F -- 0.16 - 143 0.89 - 3.02 0.44 - 5.26 -- --
H 0.18 - 133 0.74 - 145 1.65 - 7.44 0 - 6.2 -- --
K -- 1.14 - 5.89 0 - 5.68 0.62 - 3.3 -- --

N 0.01 - 6.49 0 - 6.41 0.38 - 57 0 - 9.19 0.0021 - 0.0036 0.003 - 0.047 

Source: Evans, et al., 1990 (Values not decayed to present) 
• Taken from Table C.3, Evans, et al., 1990 
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Table 1-18. Concentrations of Volatile Organic Compounds in 100 Area 
Groundwater, 1989 Sampling Data 

Number of 1,1,1 Chloroform Perchloro Carbon Trichloro Trans 
Wells/ Trichloro- (µg/L) ethylene Tetra- ethylene dichloro 
Number of ethane (µg/L) Chloride (µg/L) ethylene 
Samples (µg/L) (µg/L) (µg/L) 

'13/53 <5 <3 - 28 <5 <5 <5 <5 

34/108 <5 <3 - 21 <5 <5 <5 <5 

Total 
Organic 
Halogens 
(µg/L) 

<2 - 44 

<2 -
4,69<r 

"Only four samples greater than 100 µg/L, only one sample greater than 500 µg/L. This number may not be 
representative. 
Source: Evans, et al. 1990 (Values not decayed to present) 

lT-18 
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Table 1-19. Summary of Constituents Detected Above Drinking Water 
Standards at 100-N Area, April 1987 to November 1989 

Primary Water Quality Constituents 

Arochlor 1016 

Arochlor 1221 

Benzene 

Cadmium 

Cobalt-60 

Coliform 

Gross Beta 

Nitrate 

Ruthenium-106 

Strontium-90 

Tritium 

Turbidity 

Secondary Water Quality Constituents-

Iron 

Magnesium 

pH< 6.5 

pH> 8.5 

Specific Conductance 

Sulfate 

I Source: DOE 1990d I 

lT-19 
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Table 1-20. Radionuclide Concentrations Measured in Columbia River Water at 
Priest Rapids Dam in 1988, Upstream of the 100-B/C Area 

Cooceotration (pCi/L)~ 

I 
No. of 

I I I Radionuclide" Samples Maximum Minimum A•en11e 

Composite System 

G1'065 alpha 12 0.85 ± 0.81 --O.f17 ± 0.20 0.31 ± 0.17 

G1'065 beta 12 2.31 ± 1.00 0.06 ± 1.00 0.96 ± 0.48 

'H 12 89 ± 6 56 ± 4 70 ± 6 

"Sr 12 0.184 ± 0.084 --0.044 ± 0.072 0.019 ± 0.038 

""Sr 12 0.15 ± 0.03 0.05 ± 0.03 0.10 ± 0.02 

uou 12 0.27 ± 0.06 0.11 ± 0.03 0.20 ± 0.03 

:wu 12 0.014 ± 0.013 --0.003 ± 0.008 0.006 ± 0.003 

:mu 12 0.21 ± 0.04 0.11 ± 0.03 0.17 ± 0.02 

Total uranium 12 o.48 ± om 0.23 ± 0.05 0.37 ± 0.04 

Continuous System 

""Co p 20 0.0018 ± 0.019 --0.0012 ± 0.029 --0.0006 ± 0.OWl 
D 20 0.042 ± 0.041 --0.0027 ± 0.0042 --0.()()()1) ± 0.0011 

mi D 4 0.000045 ± 0.000005 0.000006 ± 0.0000001 0.000017 ± 0.000019 

"'I p 11 0.0026 ± 0.0037 --0.0011 ± 0.0043 0.OWl ± 0.OWl 
D 11 0.0038 ± 0.0073 0.0068 ± 0.00114 --0.0007 ± 0.0023 

"'Cs p 20 0.004 ± 0.0024 0.0002 ± 0.0014 0.0018 ± o.ooos 
D 20 0.0067 ± 0.0040 --0.0019 ± 0.0044 0.0028 ± 0.0011 

l>t.>AOpu p 4 0.00010 ± 0.00008 0.000002 ± 0.000007 0.00006 ± o.oooos 
D 4 0.00010 ± 0.00016 0.00002 ± o.oooos 0.00006 ± 0.00004 

•Radionuclidcs measured using the continuous system show the particulate (P) and dissolved (D) fractions separately. Other 
radionuclidcs arc based on samples collected by the composite system. 
"Maximum and minimum values ±2 sigma counting error. Average ±2 standard error of the calculated mean. It is not 
uncommon for individual measurements of environmental radioactivity to result in values of zero or negative numbers from 
subtracting out instrumental background. 
Source: Jacquish and Bryce 1989 

lT-20 
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Table 1-21. Nonradiological Water Quality Data for the Columbia River 
Upstream of the Hanford Site, 1988 

No. of Annual 
Analysis Unit Samples Maximum Minimum AYerage" 

PAOFIC NORTHWEST I.ABORATORY ENVIRONMENTAL MONITORING 

pH - 12 8.5 7.4 NA 

Fecal coliform #/100 mL 12 130 2 2• 

Total coliform #/100 mL 12 1,600 2 48. 

Biological oxygen demand mg/L 12 5.2 0.7 2.1 ± 0.8 

Nitrate mg/L 12 0.23 0.05 0.14 ± 0.03 

U.S. GEOLOGICAL SURVEY SAMPLING PROGRAM• 

Temperature' ·c 365 19.6 1.8 11.3 

Dissolved oxygen mg/L 6 13.4 8.8 11.5 ± 1.4 

Turbidity NTU 6 1.8 0.4 1.0 ± 0.4 

pH - 6 8.8 8.0 NA 

Fecal coliform #/100 mL 6 3 <1 2• 

Suspended solids, 105°C mg/L NR 

Dissolved solids, l80°C mg/L 6 88 71 81 ± 6 

Specific conductance µmhos/cm 6 162 123 140 ± 15 

Hardness, as CaCO, mg/L 6 77 58 68 ± 7 

Phosphorus, total mg/L 6 0.03 0.02 0.023 ± 0.004 

Chromium, dissolved µg/L 3 <1 <1 <1 

Nitrogen, Kjeldahl mg/L 6 0.5 <0.2 0.28 ± 0.11 

Total organic carbon mg/ L 4 2.8 1.4 2.1 ± 0.7 

Iron, dissolved µg/ L 3 65 9 28 ± 37 

Ammonia. dissolved (as N) mg/ L 6 0.05 <0.01 0.02 ± 0.02 

"Average values ±2 standard error of the calculated mean. 
•Annual median. 
'Provu.ional data subject to revision. 
•Maximum and minimum represent daily averages. 
Source: Jacquish and Bryce 1989 
Legend: 
NTU = Nephelometric turbidity units. 
NA = not applicable. 
NR = not reported. 
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Table 1-22. Radionuclide Concentrations for the Columbia River 
at the Richland Pumphouse, 1988 

Concentration (pCi/L)~ 

No. of 
Radionuclide" Samples Maximum Minimum AYerqe 

Composite System 

Gl'OliS alpha 12 0.76 ± 0.42 -0.04 ± 0.23 0.29 t 0.13 

Gl'OliS beta 12 1.62 ± 1.23 -0.02 ± 0.89 0.87 ± 0.29 

'H 12 160 ± 7 98 ± 5 132 ± 10 

"Sr 12 0.098 ± 0.083 -0.72 ± 0.68 0.002 t 0.28 

'"Sr 12 0.17 ± 0.03 0.08 ± 0.03 0.12 ± 0.02 

lS<u 12 0.28 ± 0.05 0.04 ± 0.02 0.22 ± 0.04 

:wu 12 0.044 ± 0.020 -0.005 ± 0.000 0.009 ± 0.007 

2'8tJ 12 0.25 ± 0.05 0.o7 ± 0.03 0.18 ± 0.03 

Total uranium 12 0.57 ± 0.o7 0.11 ± 0.04 0.41 ± 0.07 

Continuous System 

""Co p 23 0.0059 ± 0.0038 -0.0002 ± 0.0013 -0.0014 ± o.ooos 

D 23 0.0113 ± -0.0071 -0.0010 ± 0.0036 0.0029 ± 0.0011 

mi D 4 0.00014 ± 0.00002 0.000069 ± 0.000007 0.00010 ± 0.00003 

m1 p 12 0.0022 ± 0.0025 -0.0011 ± 0.0034 o.ooos ± 0.0006 

D 12 0.0101 ± 0.0164 -0.0116 ± 0.0205 0.0011 ± 0.0033 

"'Cs p 23 0.0057 ± 0.0017 -0.0004 ± 0.0014 -0.0019 ± o.ooos 

D 23 0.0130 ± 0.0059 -0.0012 ± 0.0034 -0.0031 ± 0.0014 

uo~u p 4 0.00013 ± 0.00006 -0.00002 ± 0.00001 0.0007 ± o.oooos 

D 4 o.oooos ± 0.00011 0.000005 ± 0.OOOOS7 0.00003 ± 0.00003 

"Radionuclides measured using the continuous system show the particulate (P) and dissolved (D) fractions separately. Other 
radionuclides are based on samples collected by the composite system. 
"Maximum and minimum values ±2 sigma counting error. Average ±2 standard. error of the calculated mean. It is not 
uncommon for individual measurements of environmental radioactivity to result in values of zero· or negative numbers from 
subtracting out instrumental background. 
Source: Jacquish and Bryce 1989 
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Table 1-23. Nonradiological Water Quality Data for the Columbia River 
at the Richland Pumphouse, 1988 

Pacific Northwest Laboratory Eavironmental Monitoring 

Analysis Unit No. of Maximum Minimum Ammal 
Samples Average' 

pH - 12 8.3 7.3 NA 

Fecal coliform #/lllO mL 12 70 2 r 
Total coliform #/100 mL 12 240 9 70" 

Biological oxygen demand mg/L 12 2.5 0.7 1.7 ± 0.4 

Nitrate mg/L 12 1.1 0.06 0.3 ± 0.2 

U.S. Geological Suivey sampling program' 

Temperature• ·c 365 20.0 1.4 11.6 

Dissolved oxygen mg/L 4 13.2 10.3 11.7 ± 1.5 

Turbidity NI1J 3 1.5 0.6 1.0 ± 0.6 

pH - 4 8.7 7.9 NA 

Fecal coliform #/100 mL 4 8 <1 r 
Suspended solids, 105"C mg/L 3 4 <1 <2.7 ± 1.8 

Dissolved solids, 180"C mg/ L 3 91 74 83 ± 10 

Specific conductance µmhos /cm 4 156 122 139 ± 17 

Hardness, as CaCO, mg/L 3 76 62 71 ± 9 

Phosphorus, total mg/L 3 0.03 0.02 0.023 ± 0.007 

Chromium. dissolved µg/L 3 <1 <1 <1 

Nitrogen, Kjeldahl mg/L 3 0.3 <0.2 0.27 ± 0.07 

Total organic carbon mg/ L 4 3.1 1.3 2.2 ± 0.8 

Iron, dissolved . µg/ L 3 8 4 5.3 ± 2.7 

Ammonia, dissolved (as N) mg/L 3 0.04 <0.01 0.03 ± 0.02 

"Average values ±2 standard error of the calculated mean. 
\Annual median. 
'Provisional data subject to revision. 
'Maximum and minimum represent daily averages. 
NI1J = nephelometric turbidity units. 
NA = not applicable. 
Source: Jacquish and Bryce 1989 
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Location Radionuclide No. of Concentration (pCi/L)8 
Samples 

Maximum Minimum Average 1-3· 
Cw 

Priest Rapids Dam "°Co 4 0.014 ± 0.ot8 -0.012 ± 0.012 0.003 ± 0.012 C" -l'D 
90Sr 4 0.072 ± 0.006 0.00048 ± 0.0037 0.026 ± 0.031 ~ 

I 
N 

13•cs 3 0.0098 ± 0.ot8 -0.0021 ± 0.011 0.0049 ± 0.0072 !-

mes 4 0.28 ± 0.03 0.24 
::d 

± 0.02 0.26 ± 0.02 Cw 
Q.. .... 

mub 4 0.097 ± 0.15 0.007 ± 0.12 0.063 ± 0.042 

238 Ub 4 0.79 ± 0.38 0.67 ± 0.36 0.73 ± 0.05 

0 
::d = 
~ = 
'0 c.. ·--- ..... Q.. Q.. 

238 Pu 4 0.00026 ± 0.00017 0.00004 ± 0.00006 0.00015 ± 0.00009 
(I) (t) 

0 (i 
239,240 Pu 4 0.0028 ± 0.0007 0.0015 ± 0.0003 0.0023 ± 0.006 

McNary Dam "°Co 4 0.36 ±0.03 0.15 ± 0.03 0.27 ± 0.11 

90Sr 4 0.058 ± 0.006 0.036 ± 0.005 0.046 ± 0.009 

134Cs 3 0.057 ± 0.021 0.030 ± 0.014 0.044 ± 0.016 

me s 4 0.79 ± 0.05 0.63 ± 0.04 0.69 ± 0.07 

mub 4 0.22 ± 0.14 -0.09 ± 0.16 0.05 ± 0.13 

Cw 0 
:3 = 0 r:, 
Cw (t) 0 = = .... 0 tT1 Q.. '"I ., ...---

~ 

~~ := =· r:, 0 z= b:j '° ~ (I) N 

~ 
.... I 

= ...... ..... 
0 Cl'1 
Cw ~ :3 .... 
.. :3 

238Ub 4 0.89 ± 0.49 0.63 ± 0.31 0.78 ± 0.12 
~ (t) 

\C = 
238 Pu 4 0.00059 ± 0.00028 0.00020 ± 0.00020 0.00043 ± 0.00018 

00 .... 
00 (I) 

(i 
0 

239,240Pu 4 0.011 ±0.001 0.009 ± 0.001 0.010 ± 0.001 --(t) r:, .... 
"Maximum and minimum values ±2 sigma counting error. Average ±2 standard error of the calculated mean. 

(t) 
Q.. 

bUranium-235 and 238
U by low-energy photon detector (LEPO) method. Cw .... 

Source: DOE 1991c -= ::l. 
(t) 
(I) .... 
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Table 1-25. Air Quality Data for Eastern Washington 
and the Hanford Site, 1987 

Nearby 
Constituent Near 100 Areas Onsite Site Perimeter Communities 

(general) 

Gross beta 0.026 ± 0.003 0.027 ± 0.0012 0.026 ± 0.0013 0.025 ± 0.0016 

Gross alpha 0.0009 ± 0.0002 0.0010 ± 0.0001 0.0009 ± 0.0001 0.0009 ± 0.0002 

H-3 1.5 ± 1.1 2.1 ± 0.5 1.9 ± 0.4 1.5 ± 1.1 

C-14 -- 13 ± 0.1 -- --
Sr-90 0.00004 ± 0 .000061 ± 0.000041 ± 0.000059 ± 

0.00002 0.000037 0.000017 0.000041 

1-131 0.001 ± 0.001 0.0002 ± 0.0006 -0.0002 ± 0.0008 0.0005 ± 0.0017 

Cs-137 0.004 ± 0.002 0.0000 ± 0.0002 0.0002 ± 0.0002 0.0002 ± 0.0002 

"Average values ±2 standard error of the calculated mean. 
Negative values result from subtracting out instrumental background. 
Source: Jacquish and Mitchell 1988 
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Distant 
Communities 

0.024 ± 0.0016 

0.0007 ± 
0.0001 

2.2 ± 0.8 

13 ± 0.1 

0.000054 ± 
0.000018 

-0.0007 ± 
0.0011 

0.0003 ± 
0.0003 
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Table 1-26. Radionuclide Concentrations in Columbia River Fish 
Collected Upstream of the Hanford Site, 1988 

'"Co, pCi/g, Wet Weight" •sr, pCi/g, Wet Weight" mes, pCi/g, Wet Weight" 
Type 

No. of No. of No. of 
Samples Maximum Average Samples Maximum Average Samples Maximum Average 

Whitefish 5 0.011 ± 0.005 ± 5 0.003 ± 0.001 ± 5 0.014 ± o.~± 
Muscle 0.023 0.006 0.003 0.001 0.021 0.010 

Whitefish NS - - 5 0.054 ± 0.031 ± NS - -
Carcass 0.007 0.016 

•Maximum values ±2 sigma counting error. Average ±2 standard error of the calculated mean. 
NS = No sample. 
Source: Jacquish and Bryce 1989 
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Table 1-27. Radionuclide Concentrations in Columbia River Fish 
Collected Downstream of the Hanford Site, 1988 

"Co, pCi/11, Wet Weight" "Sr, pCi/11, Wet Weight" "'Cs, pCi/11, Wet w~ 

Type No. of No. of No.of 
Samples Maximum Average Samples Maximum Average Samples Maximum Average 

Whitefish 10 0.035 ± 0.016 ± 10 0.00S± 0.001 ± 10 0.039 ± 0.023 ± 
Muscle 0.026 0.012 0.006 0.003 0.022 0.010 

Whitefish NS - - 10 0.064 ± 0.026 ± NS - -
Carcass 0.005 0.009 

"Maximum value& ±2 sigma counting error. Average ±2 standard error of the calculated mean. 
Notes: Sampica collected in 100-0 Area vicinity. 
NS • No sample. 
Source: Jacquish and Bryce 1989 
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Table 1-28. Research Data on Radionuclide Contamination Levels 
of Aquatic Biota 

AUTHOR I SUBJECT 

Jacquish and Bryce (1989) Whitefish muscle and carcasses collected near the 
100-D Area. 

Cushing et al. (1981) Bass muscle and carcasses, other aquatic organisms 
collected just downstream from the 100-H Area in 
1971 and 1972. 

Annual radiological Data similar to those presented in Jacquish and 
surveillance reports of the Bryce (1989) are available for years previous to 
Hanford Site 1988. 

Watson et al. (1970) An extensive survey of the radionuclide 
concentrations in aquatic biota at the 100-F Area (in 
1966 and 1967). These data were obtained while the 
reactors were still operating and represent 
radionuclides collected under those conditions. 

Cushing (1979) Concentrations of 22 stable elements in 
phytoplankton, caddisfly larvae, and whitefish 
muscle. These samples were collected from the 
Columbia River downstream of the 100-B/C Area. 

I Source: DOE 1991c 
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Table 1-29. Columbia River Streamflow Characteristics 

CHARACTERISTIC VALUE 

Wetted width through the Hanford 1,000 to 2,600 ft 
Reach. (305 to 792 m) 

Typical maximum river depths near the 10 to 40 ft 
100 Areas•. (3 to 12 m) 

River elevation daily variance due to up to 5 ft 
water releases from Priest Rapids Dam (up to 2 m) 
(ERDA 1975). 

River surface velocities through the <3 ft/s to > 11 ft/sb 
Hanford Reach (ERDA 1975). ( <0.85 m/s to >3.1 m/s) 

Summer, fall, and winter typical daily 36,000 to 250,000 ft3 /s 
flow rates. (1,020 to 7,075 m3 /s) 

Spring runoff peak flow rates. up to 450,000 ft' /s 
(12,700 m3 /s) 

Recent annual flows at Priest Rapids 100,000 to 120,000 ft3 /s 
Dam. (2,830 to 3,400 m3 /s) 

Long-term annual average flow at Priest 120,000 ft3 /s 
Rapids Dame. (3,400 m3 /s) 

a) At normal flow rates. 
b) Depending on discharge. 
c) Based on 68 years of records (McGavock et al. 1987). 
Source: DOE 1991c 
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Table 1-30. Endangered and Threatened Species Potentially 
Found on the 100 Area 

SPECIES NOTES 

Endangered Vascular Plants 

Persistentsepal Known to have a scattered distribution because of specialized habitat 
yellowcress requirements or habitat loss; generally occurs in marshy places; known to 
(Rorippa columbiae) inhabit wetter shoreline of Hanford Reach in Benton County 

Northern Wormwood Rare, local endemic species near the river; not known from the Hanford Site 
(Artemisia campertris ssp but reported just to the north near Beverly, Grant County 
borealis var worksldoldii) 

Threatened Vascular Plants 

Columbia milk-vetch 
' 

Locally endemic to area near Priest Rapids Dam; could potentially occur in 
{Astragalus columbianus) Northwest portion of Hanford Site along the Columbia River 

Hoover's desert parsley Locally endemic to south~ntral Washington, including Benton County; known 
(Lomatium tuberosum) to inhabit rocky hillsides . 

Endangered Birds 

American white pelican Flocks have recently become common in the Columbia Basin during all seasons 
(Pelecanus foraging on fish, amphibians, and crustaceans, and roosting on islands 
erythrorhynchus) 

*Peregrine falcon Breeds and winters in eastern Washington, inhabiting open marshes, river 
(Falco peregrinus) shorelines, wide meadows, and farmlands; nests on undistrubed cliff faces; an 

erratic visitor to the Hanford Site 

Sandhill crane Inhabits open prairies, grainfields, shallow lakes, marshes, and ponds; common 
(Grus canadensis) migrant during spring and fall in Washington; some known and suspected 

nesting sites in eastern Washington; an occasional visitor at Hanford 

Threatened Birds 

*Bald eagle Regular winter visitor to the Columbia River, feeding on spawned-out salmon 
(Haliaeetus and waterfowl; they roost in the 100 Area and nest (unsuccessfully to date) 
leucocephalus) along the Hanford Reach 

Ferruginous hawk Inhabits open prairies and sagebrush plains, usually with rocky outcrops or 
(Buteo regalis) scattered trees; known to nest in Benton and Franlclin Counties including the 

Hanford Site; rarely winter in Washington, but are known to occasionally 
forage on small mammals, birds, and reptiles on sagebrush plains of the 
Hanford Site 

Threatened Mammals 

Pygmy rabbit Inhabits undistrubed areas of sagebrush with soils soft enough to permit 
(Sylvilagus idahoensis) burrows; once known to exist on the Hanford Site west of the 200 Area plateau 

Source: DOE 1990a-f, DOE 199la-f 
* Indicates both state and federal designation 
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2.0 POTENTIAL CONTAMINANTS OF CONCERN 

An essential element of the feasibility study is to determine the contaminants that 
must be remediated in the 100 Area. Contaminants of concern were identified in each 
of the eleven draft 100 Area OU work plans. However, the approach for determining 
contaminants of concern was not consistent among the work plans. Therefore, one 
objective of this study was to provide a uniform methodology for the entire 100 Area so 
as to arrive at a defensible list of contaminants to be considered in the Phase 1/11 FS. 

Data presented in the source OU work plans included both solid wastes and soil 
wastes. Therefore, for the determination of contaminants of concern, no distinction was 
made between these two media. 

The results of this study are not intended to provide a final determination of 
contaminants of concern; that determination will be made as a result of collecting 
additional field data and conducting operable unit baseline risk assessments. Such risk 
assessments are not within the scope of this Phase 1/11 FS. 

The determination of contaminants of concern for the 100 Area was conducted in 
two phases. The first phase entailed: 

• 

• 

Identification of radiological and/or chemical substances potentially 
released in the 100 Area 

Comparison of concentration data with background concentrations and 
established regulatory limits. 

The end-product of the first phase is a list which is referred to as "regulatory 
contaminants of concern." 

The second phase, utilizing the results of the . first phase, consisted of a qualitative 
toxicity assessment. The purpose of this assessment was to determine which of the 
regulatory contaminants of concern were of toxicological significance. The end-product 
of the second phase is a list of potential contaminants of concern to · be used for 
evaluating remedial alternatives. This list is provided in Table 2-1. The details of the 
approach used in both phases of the effort are given in Appendix A. The general 
methodology is summarized in the subsections below. 

2.1 REGULATORY CONTAMINANTS OF CONCERN 

The determination of regulatory contaminants of concern was based upon five key 
elements: 
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• Data showing that a chemical or radionuclide was used or generated within 
an operable unit and subsequently was released or potentially released to 
the environment 

• Regulatory status of radionuclides or chemicals and their constituents 

• Sample concentration data 

• Background concentration data 

• Comparison of sample concentration data with background and regulatory 
limits. 

Decision logic diagrams were developed to determine the regulatory contaminants 
of concern. Figures 1 and 2 of Appendix A provide the decision logic diagrams for 
nonradiological, chemical substances and radiological substances, respectively. Inputs 
used in the decision diagrams include: 

• Chemical and radiological substances used and/or released 
• Environmental sampling data 
• Regulatory limits and background concentrations 
• Inventory and disposal records. 

The decision logic diagrams were also used to determine suspect contaminants. 
Suspect contaminants are contaminants that have been detected in environmental 
samples in the 100 Area at concentration levels below background concentrations or 
below regulatory limits. The suspect contaminant list identifies those contaminants for 
which subsequent data collection can confirm whether or not the contaminants are 
present in concentrations below regulatory concern. When subsequent data become 
available, the suspect contaminants would be re-evaluated. 

Table 1 of Appendix A provides a list of the regulatory contaminants of concern 
and suspect contaminants. The contaminants are differentiated on the basis of 
groundwater versus source (e.g., soil) operable unit contaminants. 100-N Area 
contaminants are identified separately. Non-radiological ( chemical) contaminants are 
identified separately from radiological contaminants. 

Nonradiological contaminants are further categorized as: 

• Metals; 
• Nonmetallic inorganic ions and compounds; 
• Volatile organic compounds; and 
• Other organic compounds. 
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2.2 QUALITATIVE TOXICI'IY ASSESSMENT 

The qualitative toxicity assessment further refined the contaminant of concern 
determination by evaluating the toxicological significance of each regulatory contaminant 
of concern. The toxicity assessment was based upon five key elements: 

• Review of supplemental Region X EPA guidance (EPA Region X 1991) 
which eliminates certain metallic contaminants based upon previous 
determinations of low or negligible toxicity 

• Determination of the carcinogenicity of each contaminant 

• Determination of reference doses for each non-carcinogen 

• Calculation of a hazard quotient for non-carcinogens based on an ingestion 
exposure route 

• Assessment of calculation results based upon EPA guidance on 
contaminant screening. 

The key assumptions and limitations regarding the qualitative toxicity assessment 
are listed as follows: 

• 

• 

• 

The assessment only considered risk-based factors; compliance with 
ARARs was not considered. 

Only regulatory contaminants of concern were assessed in the qualitative 
toxicity assessment; suspect contaminants were not assessed. 

Contaminants dropped as a result of the toxicity assessment are placed on 
the suspect list. 

• Assumptions on carcinogenicity: 

All radionuclides were assumed to be carcinogenic 
Carcinogens are defined by the Health Effects Assessment Summary 
Tables (HEAST) (EPA 1991) and from the Integrated Risk 
Information System (IRIS) on-line database. The following are 
descriptions of the groups of carcinogens as provided in HEAST, 
Table B, or by IRIS as a Group A, B 1, or B2 carcinogen 
Petroleum products are assumed to be carcinogenic because of 
benzene 
All carcinogens are assumed to be of toxicological significance and 
thus are potential contaminants of concern. 

• Assumptions for toxicity screening hazard quotient calculation 
(noncarcinogens): · 
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The ingestion exposure route was assumed for all calculations 
(Equations 9 and 15 in EPA guidance). 
A hazard quotient of 0.1 was assumed for screening as 
recommended _by EPA guidance. 
The equations utilized combine ingestion by both children and 
adults. 
Individual hazard quotients were calculated for each contaminant; 
cumulative effects were not considered. 
If an oral reference dose has not been established then the 
contaminant was placed on the suspect contaminants list. 
For noncarcinogens with an established oral reference dose: if no 
sampling data are available then the contaminant was assumed to be 
a potential contaminant of concern as the hazard quotient could not 
be computed. 

2.3 POTENTIAL CONTAMINANTS OF CONCERN AND SUSPECT CONTAMINANTS 

The final list of potential contaminants of concern represents a composite of those 
that are both of regulatory and of toxicological significance. The final listing is given in 
Table 2-1 below. This list is generated for the purpose of assembling possible remedial 
alternatives. That is, the contaminants identified are those which are most likely to 
require remediation if subsequent field sampling programs and risk assessments show 
their concentrations in the environment to result in unacceptable risk and/or are not in 
compliance with ARARs. The list provided here should not be construed as 
representing any final determination or basis for decision-making regarding selection of 
final remedies. 

2-4 



·-

DOE\RL-92-11 
Draft B 

Table 2-1. Potential Contaminants of Concern and Suspect Contaminants 
(page 1 of 4) 

Environmental Medium 

Potential Sources Groundwater N Area 
Contaminant (e.g., soils) 

RADIONUCLIDES 

Tritium C C C 

Carbon-14 C C 

Calcium-41 · C C 

Cobalt-60 C C C 

Nickel-63 C C 

Selenium-79 C C 

Krypton-85 C C 

Strontium-9() C C C 

Zirconium-93 C C 

Niobium-94 C C 

Technetium-99 C s C 

Palladium-107 C C 

Cadmium-113 C C 

Antimony-125 s C 

Iodine-129 
' 

C C C 

Cesium-134 C C 

Cesium-137 C s C 

Samarium-151 C C 

Europium-152 C C 

Europium-154 C s 
Radium-226/228 C 

U ranium-235 /238 C C 

Plutonium-238 - C C C 

Plutonium-239 /240 C C C 

Plutonium-241 C C 

Americium-241 C C 
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Table 2-1. Potential Contaminants of Concern and Suspect Contaminants 
(page 2 of 4) 

Environmental Medium 

Potential Sources Groundwater N Area 
Contaminant (e.g., soils) 

METALS 

Aluminum s s 
Arsenic s C C 

Barium s C C 

Beryllium s C C 

Boron C s 
Cadmium s C C 

Chromium s C C 

Cobalt s 
Copper s s 
Iron s 

Lead C C C 

Manganese C C C 

Mercury s C 

Nickel s s s 
Sodium s s 
Vanadium C s C 

Zinc s s s 

OTHER INORGANIC COMPOUNDS/ IONS I 
Ammonium/ Ammonia C s 

Asbestos C C 

Chloride s s 
Chlorine C 

Cyanide C C C 

Fluoride C C C 

Hydrochloric Acid s 

Nitrate C C C 
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Table 2-1. Potential Contaminants of Concern and Suspect Contaminants 
(page 3 of 4) 

Environmental Medium 

Potential Sources Groundwater N Area 
Contaminant (e.g., soils) 

Nitrite C C 

Phosphoric Acid C 

Sulfate s s s 

voes I 
Acetone C s s 
Benzene C 

Chlorobenzene C 

Chloroform s C C 

Ethylbenzene C 

Methylene Chloride s C 

Methyl Isobutyl Ketone C 

Perchloro-ethylene C C C 

Toluene s 
Trans -1,2-Dichloroethene C 

1,1,1-Trichloro-ethane. s s 
Trichloroethene s C 

Xylenes C 

OTHER ORGANICS I 
Acetic Acid C C 

Bis (2-ethylhexyl) phthalate C 

Ethylenediamine C C 

Ethylenediamine tetraacetic acid (EDT A) s s 
Formic Acid C C 

Hydrazine C C C 
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Table 2-1. Potential Contaminants of Concern and Suspect Contaminants 
(page 4 of 4) 

Environmental Medium 

Potential Sources Groundwater N Area 
Contaminant (e.g., soils) 

PCBs C C C 

Petroleum Products/Diesel oil C C 

Tetraethylpyro-phosphate s 

Tetrahydrofuran s 

Thiourea C C C 

Note: Refer to Appendix A for detection limits, background concentrations, and contaminant 
concentrations. 
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3.0 POTENTIAL APPLICABLE OR RELEVANT AND 
APPROPRIATE REQIDREMENTS 

Section 121( d) of the Comprehensive Environmental Response, Compensation, 
and Liability Act of 1980, as amended, requires that remedial actions at National 
Priorities List sites comply with federal and state environmental laws and regulations. 
This requirement is reiterated in Subpart E of the National Oil and Hazardous 
Substances Pollution Contingency Plan ( 40 CFR Part 300), which establishes when and 
by whom the applicable or relevant and appropriate requirements (ARARs) must be 
identified. 

Potential ARARs are those substantive, promulgated federal and state 
environmental requirements that are pertinent to a remedial action. ARARs may 
specifically address a hazardous substance, pollutant, contaminant, remedial action, 
location, or other circumstance at the site; or they may be otherwise relevant and 
appropriate by addressing problems or situations sufficiently similar to those encountered 
at the site. State requirements must be more stringent than federal requirements to be 
considered ARARs. 

In addition to ARARs, to-be-considered information (TBC) is also important to 
remedial planning, and TBCs are included in the evaluation of ARARs. TBCs are 
nonpromulgated criteria, advisories, guidance, and proposed standards that are not 
legally binding but may provide useful information or recommended procedures. TBCs 
may be used in the absence of ARARs or where ARARs are not sufficiently protective 
for developing cleanup goals. TBCs identified for the 100 Area include U.S. Department 
of Energy (DOE) Orders and county requirements. -

The EPA may waive ARARs and instead concur with a selected remedial 
alternative that does not attain a level or standard of control at least equivalent to a 
legally applicable or relevant and appropriate standard, requirement, criteria, or 
limitation. Section 121 of Superfund Amendment Reauthorization Act identifies six 
circumstances under which ARARs may be waived: 

• The action selected is only part of a total remedial action that will attain 
such level or standard of control when completed. 

• Compliance with such requirement at that facility will result in greater risk 
to human health and the environment than alternative options. 

• Compliance is technically impracticable from an engineering perspective. 

• The action selected will result in a standard of performance that is 
equivalent to an applicable requirement through the use of another method 
or approach. 
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• A state requirement has not been consistently applied in similar 
circumstances on other remedial actions within the state. 

• A fund-financed remedial action does not provide a balance between 
available Superfund monies and the need for protection of the public 
health and environment at the sites where the need is more immediate. 

This 100 Area Phase 1/11 feasibility study evaluates the known characteristics of 
the Hanford 100 Area and identifies the range of remedial alternatives that are most 
appropriate for protection of human health and the environment for the entire area. 
Consequently, the ARARs and TBCs identified in the tables in Appendix B encompass a 
broad range of potentially pertinent requirements. It is anticipated that the range of 
alternatives identified in Section 5.0 of this report will be subjected to detailed analysis 
in subsequent focused feasibility studies, at which time these ARARs can be culled to 
provide requirements that are specific to each operable unit. 

3.1 IDENTIFICATION OF ARARS AND TBCS 

Potential ARARs and TBCs for the 100 Area are presented in Appendix B. 
These tables are first divided by the three categories of ARARs: chemical-, action-, 
location-specific. These three categories of ARARs are defined in the U.S. 
Environmental Protection Agency document titled CERCLA Compliance with Other Laws 
Manual (EPA 1988c) as follows: 

Chemical-specific ARARs are usually health- or risk-based numerical values or 
methodologies which, when applied to site-specific conditions, result in the establishment 
of numerical values. These values establish the acceptable amount or concentration of a 
chemical that may be found in, or discharged to, the ambient environment. 

Action-specific ARARs are usually technology- or activity-based requirements or 
limitations on actions taken with respect to hazardous wastes. These requirements are 
triggered by the particular remedial activities that are selected to accomplish a remedy. 

Location-specific ARARs are restrictions placed on the concentration of 
hazardous substances or the conduct of activities solely because they are in specific 
locations. The categorization of the regulations as chemical-, action-, or location-specific 
is preliminary. Refinements to these ARARs will be made in the focused feasibility 
study when all LFI data are available and when the specific alternative is proposed. 

The categorization of the ARARs as chemical-, action-, or location-specific are 
preliminary. Refinements to these ARARs will be made in the focused feasibility study 
when all LFI data are available and when the specific alternatives are proposed. 

The ARARs tables are divided as fo llows: 
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• Tables lA through lC - Chemical-specific ARARs and TBCs 
- Table IA- Federal ARARs 
- Table lB - State ARARs 
- Table IC - TBCs (federal, state, and local) 

• Tables 2A and 2B - Chemical-specific water quality requirements 
- Table 2A - Radionuclides 
- Table 2B - Nonradionuclides 

• Tables 3A through 3C - Action-specific ARARs and TBCs 
- Table 3A - Federal ARARs 
- Table 3B - State ARARs 
- Table 3C - TBCs (federal, state, and local) 

• Tables 4A through 4C - Location-specific ARARs and TBCs 
- Table 4A- Federal ARARs 
- Table 4B - State ARARs 
- Table 4C - TBCs (federal, state, and local). 

The state hazardous waste management regulations promulgated under the 
Hazardous Waste Management Act closely mirror the federal regulations promulgated 
pursuant to RCRA. The State of Washington has been authorized to administer the 
federal RCRA program. Consequently, the majority of hazardous waste management 
regulations are provided as federal regulations in Tables lA, 3A, and 4A Where state 
regulations are equivalent to the RCRA regulations, the state citation is shown in 
brackets below RCRA citations. Where state hazardous waste management regulations 
are more stringent than RCRA regulations, the requirements are provided in Tables lB 
and 3B as state ARARs. 

3.1.1 Potential Chemical-Specific Requirements 

Potential chemical-specific ARARs and TBCs were taken from various federal, 
state, and local laws and regulations and applied to the list of contaminants of concern 
presented in Section 2.0 of this report. The list of potential chemical-specific ARARs 
are: 

• Maximum contaminant levels (MCL) established pursuant to the federal 
Safe Drinking Water Act 

• Water quality criteria established under the federal Clean Water Act 

• Groundwater limitations from the State of Washington Ground Water 
Quality Standards 

• Control, cleanup, and management standards of the Uranium Mill Tailings 
Radiation Control Act (UMTRA) 
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• Soil and groundwater limits of the state Model Toxics Control Act 
(MTCA) Regulations 

• Radiation Protection Standards of the Nuclear Regulatory Commission 
(NRC) 

• Air emission standards under the federal Clean Air Act ( CAA) 

• Toxic Substance Control Act (TSCA) 

• Resource Conservation and Recovery Act (RCRA). 

Chemical-specific TBCs (Table 1 C) include: 

• DOE Order 5400.5 (Radiation Protection of the Public and the 
Environment) 

• County air pollution control regulations 
• Proposed MTCA regulations. 

Normally, secondary drinking water standards and maximum contaminant level 
goals (MCLG) promulgated under the federal Safe Drinking Water Act are not 
considered ARARs. However, the state MTCA regulations require secondary drinking 
water standards and MCLGs for noncarcinogens be incorporated as cleanup standards. 
These requirements are treated in Table 1B as state chemical-specific ARARs and are 
also tabulated on Table 2B (Criteria and Limits for Nonradionuclides). 

c:, 
L'.'1l"'J 3.1.2 Potential Action-Specific Requirements 

~ 

en Potential action-specific ARARs · and TBCs constitute a large portion of the 
identified requirements, due in part to the broad spectrum of remedial alternatives under 
consideration for the 100 Area in the Phase I/II FS. At this point in the remedial 
planning process, remedial alternatives have been identified that are applicable to the 
100 Area as a whole. Further, the broad range of contaminants of concern for the 100 
Area (Section 2.0) make it necessary to consider multiple remedial technologies. 
Consequently, numerous action-specific ARARs are potentially applicable at this point 
but may be culled out later as more focused feasibility studies are performed for IRM 
and OU remedy selection. 

The potential action-specific ARARs found in Table 3A include federal 
requirements under the: 

• CAA 
• RCRA 
• Clean Water Act 
• Other federal statutes. 
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Potential State of Washington action-specific ARARs are provided in Table 3B 
and include state requirements under: 

• The Hazardous Waste Management Act 
• The Water Pollution Control Act 
• MTCA 
• State air pollution regulations 
• Other requirements promulgated under state law. 

Potential action-specific TBCs provided in Table 3C include: 

• DOE Orders 
• County regulations. 

3.1.3 Potential Location-Specific Requirements 

Potential location-specific ARARs provided in Table 4A include the provisions of: 

• The federal Clean Water Act 
• The federal Endangered Species Act 
• RCRA 
• Other federal statutes. 

The list of potential state location-specific ARARs is minimal and includes 
regulations under: 

• The Shoreline Management Act 
• The Bald Eagle Protection Rules 
• Requirements for protecting endangered, threatened, or sensitive wildlife 

species. 

Potential location-specific TBCs provided in Table 4C include: 

• Floodplains/wetlands environmental review 
• Executive orders. 
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4.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND 
PROCESS OPTIONS 

4.1 INTRODUCTION 

This section discusses the development and screening of technologies and process 
options used to assemble the remedial action alternatives. The process used to develop 
and screen alternatives is described in Guidance for Conducting Remedial Investigations 
and Feasibility Studies Under CERCLA (EPA 1988a). The steps include: 

• Developing contaminant-specific and medium-specific remedial action 
objectives (RA Os) 

• Developing medium-specific general response actions (GRAs) 

• Identifying volumes or areas of media to which the general response 
actions might be applied 

• Identifying and screening the technologies applicable to each general 
response action 

• 

• 

Identifying and evaluating process options for selected technology types 
retained for consideration 

Assembling selected technologies into_ alternatives incorporating a range of 
treatment and containment combinations. 

RAOs are the more general description of the objectives the remedial action will 
accomplish. Remediation goals are a subset of remedial action objectives and consist of 
medium-specific or operable unit-specific chemical concentrations that are protective of 
human health and the environment and serve as goals for the remedial action (55 FR 
8666 et seq.). For the 100 Area, preliminary RAOs were considered for two land use 
options (1) general or residential use; and (2) industrial use. The general use option 
requires restoration of the site such that people living on the land would not be 
subjected to unacceptable risk, while the industrial use option requires site remediation 
to such a degree that those employed in the area would not be adversely affected by site 
contamination. However, since land use has not been determined for the 100 Area, 
development of RAOs focused on the general or residential use option. This is 
conservative, since this option is the most restrictive land use scenario, in accordance 
with the National Contingency Plan (NCP). Consideration of general/residential use 
covers all less restrictive options ( e.g., industrial and recreational). In addition, the 
objective of the remedial action is to prevent receptor exposure, and the means of 
achieving this objective is through the general response actions (GRAs). Consequently, 
RAOs for different land use options are essentially the same, although the GRAs 
employed may be different. 
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GRAs are those actions that, either singly or in combination, will satisfy the 
remedial action obje~tives. GRAs are medium-specific and may include institutional 
controls, containment, treatment, and/or disposal. GRAs are similar among all the 
media of interest in the 100 Area and thus, a single set has been specified as applicable 
to all media. 

The identification and screening of technologies consider the universe of 
technology types that are potentially applicable to the identified GRAs. Technologies 
include general categories such as chemical treatment, thermal treatment, 
stabilization/solidification, or capping. Within each technology category are process 
options. Examples of process options within the chemical treatment technology category 
include precipitation, ion exchange, and oxidation/reduction. 

Technology process options are initially screened in the Phase IFS to eliminate 
those that are not technically implementable for the site conditions or contaminants 
encountered in the 100 Area. A second screening step then focuses on effectiveness and 
cost but also considers broader issues of implementability, such as administrative aspects. 
Effectiveness screening includes aspects such as ability to handle the estimated volumes 
of material, reliability, accomplishment of remediation goals, potentiai short-term and 
long-term impacts to human health and the environment during implementation, and 
reduction of contaminant toxicity, mobility, and volume. At this stage of screening, only 
qualitative assessments of cost are made, i.e., options are ranked relative to each other 
with respect to cost as being low, moderate, or high. Completion of this step concludes 
the Phase I FS. 

In the Phase II FS, the list of technologies and process options which passed the 
Phase I screening steps is used to assemble alternatives representing the range of GRAs. 
The objectives of the alternatives development step is to limit the number of alternatives 
that must undergo detailed analysis while still preserving the range of GRAs and 
technologies to be considered. The methodology and results of the Phase II alternatives 
development and screening process are given in Section 5.0. 

The following sections provide more in-depth discussion of the process for 
identifying and screening technologies and process options. 

4.2 REMEDIAL ACTION OBJECTIVES 

RAOs are critical to evaluating the ability of a specific remedial alternative to 
achieve an acceptable risk level. RAOs provide the basis for developing GRAs that will 
satisfy the objectives of protecting human health and the environment. The RAOs are 
defined as specifically as possible, without limiting the range of GRAs that can be 
applied. 

RAOs must address the contaminants of concern, the media of interest, potential 
exposure pathway(s) and receptor(s), and acceptable contamination levels (or range of 
levels) for each pathway. RAOs must identify preliminary remedial goals that permit 
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development of a range of treatment and containment alternatives. RAOs specified for 
protecting human receptors express both a contaminant level and an exposure route 
because protection can be achieved by reducing exposure ( e.g., capping or providing 
alternate water supplies) in addition to reducing contamination. RA Os specified for 
protecting the environment are expressed in terms of the medium of interest and target 
cleanup levels, since the intent of the remedial action is to preserve or restore the 
resource (medium) of interest (EPA 1988a). 

Final RAOs are determined on the basis of the results of a baseline risk 
assessment. Since the baseline risk assessment has not yet been performed for the 100 
Area, these RAOs are to be considered preliminary until the risk assessment information 
is available. The preliminary RAOs developed here are based on state and federal 
standards, toxicity factors of the contaminants of concern, and criteria developed in 
Hanford Past Practice Site Cleanup and Restoration Conceptual. Study (WHC 1991c). 

4.2.1 Aff'ected Media 

The media of interest for the RAOs includes soils, groundwater, riverbank 
sediments, solid waste (including buried solid waste and solid wastes generated during 
site remediation activities). The 100-N Area is distinguished as a medium for purposes 
of the FS, in accordance with the TPA 1991 Change Package (Ecology et al. 1991). 
However, it is recognized that all media specified above are also present in the 100-N 
Area. Although specific contaminants and/or concentrations may differ for the 100-N 
Area relative to the other areas due to the nature and time frame of operations 
conducted at 100-N, the contaminated media of the 100-N Area are similar to those of 
all other 100 Area sites; therefore, remedial alternatives development will only consider 
the general media of soil and riverbank sediments, solid waste, and groundwater. 
Potential impacts from volatilization of VOCs or emissions of particulates are expected 
to be low. These impacts will be addressed as part of the remedial design of the 
preferred alternative for a site or OU and are therefore not included in this FS. 

4.2.1.1 Contaminants of Concern. Potential contaminants of concern for the 100 Area 
have been identified and are listed in Section 2.0, Table 2-1. These are specified 
separately for groundwater, source areas other than 100-N ( e.g., soils, riverbank 
sediments, and solid waste), and the 100-N Area (including sources and groundwater). 
Suspect contaminants of concern are also listed. Suspect contaminants are those 
resulting from substances potentially released which were either: (1) detected in 
quantifiable amounts below natural background or regulatory limits, or (2) were detected 
in significant concentrations but are not of toxicological significance. 

4.2.1.2 Exposure Pathways and Receptors. Consideration of exposure pathways and 
receptors is necessary for developing RAOs. The pathways and receptors are typically 
identified in the baseline risk assessment. Since a baseline risk assessment has not yet 
been performed for the 100 Area, assumptions must be made concerning exposure 
pathways and receptors. Exposure pathways and potential receptors for contamination 
from the media of interest are presented in Table 4-1. 
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Exposure pathways are the courses a contaminant can take in migrating from the 
source to the receptor. Receptors include both human and environmental receptors 
which have the potential for exposure to released contaminants. A complete exposure 
pathway must have the following elements: 

• Contaminant Source 
• Release Mechanism 
• Transport Mechanism 
• Exposure Route 
• Receptor. 

The sources of contaminants in the 100 Area consist of reactor cooling water 
effluent treatment, transfer, and disposal systems; sanitary sewage treatment, transfer, 
and disposal systems; solid waste burial grounds (including decommissioned facility sites); 
irradiated fuel handling areas; miscellaneous unplanned release areas; chemical storage 
areas; maintenance and decontamination areas; and laboratory/ experimental areas. 

The primary release mechanisms in the 100 Area consist of intentional and 
unintentional infiltration of wastes into soils and the Columbia River. The most 
significant contributions are the result of reactor coolant effluents, fuel fabrication wastes 
(183-H), and sanitary sewage wastes. Secondary release mechanisms include 
contaminant infiltration into groundwater and fugitive emissions from contaminated soils. 

Transport media are primarily groundwater, the Columbia River, and wind (air 
currents). Groundwater carries dissolved contaminants from source areas. The 
predominant direction of groundwater flow beneath the 100 Area is toward the 
Columbia River, which also serves as a transport medium. Wind can create airborne 
contamination, as well as transport contaminants in the form of fugitive dust emissions. 

cr-:r The Hanford Site Baseline Risk Assessment Methodology (HSBRAM) (DOE/RL 
1991c) identifies four routes through which a human receptor may be exposed to 
contamination through the various media identified for the Hanford Site: 

• Dermal exposure 
• Inhalation 
• Ingestion 
• External radionuclide exposure. 

The following primary exposure pathways contribute significantly to the overall 
risks to receptors: 

• Direct ingestion of soil 
• Inhalation of fugitive dust 
• Ingestion of surface water or groundwater 
• Dermal exposure to soil contaminants 
• External exposure to radionuclides present in the soil 
• Biota pathways (for recreational, residential, and agricultural scenarios). 
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Secondary exposure pathways contribute less to the overall risks to receptors and 
may include: 

• Ingestion of sediments 

• Inhalation of volatile organic compounds from surface water or 
groundwater 

• Dermal exposure to contaminated sediments 

• Dermal exposure to contaminated water. 

As stated in the HSBRAM (DOE-RL 1991c), exposure pathways not 
recommended for quantitative evaluation include the ingestion of contaminated particles 
or volatiles secondary to inhalation, and dermal exposure to airborne contaminants. 
Ingestion of contaminants is adequately evaluated by the soil ingestion pathway. 

Exposure pathways for radionuclides can be ranked by considering the type of 
radiation (i.e., alpha, beta, gamma) (DOE/RL 1991c). Ingestion or inhalation of 
radionuclides are considered primary exposure pathways due to the risk of cancer 
associated with exposure to ionizing radiation. Dermal exposure to radiologically 
contaminated water might also be a primary exposure pathway. However, dermal 
exposure to alpha and beta emitters would probably not be considered primary exposure 
pathways, while dermal exposure to gamma emitters is generally a primary exposure 
pathway. 

Risks to environmental receptors ( other than human) are also incurred when a 
completed pathway exists. The elements of the pathway are the same as for human 
receptors, but in assessing the risk to environmental receptors, a different method is 
used. First, the contaminants of potential concern may be different for environmental 
receptors. The evaluation focuses on exposure assessment and toxicity assessment, with 
particular emphasis on habitats and species of potential concern. An environmental 
evaluation may also take into account indirect adverse effects, such as contamination of 
an element of the food chain for some predator. 

The identification of exposure routes must also take into consideration 
contaminant characteristics, such as: 

• Persistence 
• Mobility 
• Tendency to bioaccumulate. 

Although a contaminant may have been released and a transport mechanism may 
exist, an adverse impact may or may not occur. For instance, nitrate is not always 
persistent in groundwater, as it may be converted to nitrous oxide and/or nitrogen and 
oxygen by denitrifying bacteria. Therefore, a release of nitrate may not necessarily cause 
a toxic effect to a receptor, depending on the location and/or time period of exposure. 
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The half-life of radionuclides is another instance when environmental persistence should 
be considered when assessing exposures. 

The mobility of a contaminant will influence the probability of completing the 
exposure pathway. For example, many ionic metal species are adsorbed on soil particle 
surfaces or form insoluble precipitates. Therefore, the environmental mobility of metals 
is typically retarded and, depending on the location of the receptors, a complete 
exposure pathway may not exist. 

The tendency for a contaminant to bioaccumulate is a similar consideration. For 
those contaminants with a lower bioaccumulation tendency, exposure will also be 
reduced. 

RAOs specify requirements for interrupting the exposure pathway at some point 
between the source and the receptor. This can be accomplished by eliminating one or 
more of the essential elements of each exposure pathway. The most conservative 
measure, which best ensures long-term safety, is to eliminate the source ( e.g., remove the 
contamination). However, less conservative measures can be equally effective in 
protecting human health and the environment by simply removing receptors from the 
pathway, or by eliminating other elements from the exposure pathway. An intermediate 
measure might involve isolation of the source from transport mechanisms. 

~ 4.2.2 Point of Compliance 
=t"'" 
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The point of compliance is the geographical location at which RAOs must be 
achieved. For most hazardous waste sites, the point of compliance is the nearest 
identified receptor location for each exposure pathway. Exposure pathways are typically 
identifie_d as part of the baseline risk assessment but have been assumed for this study as 
shown in Table 4-1. The assumed point of compliance for radioactive species is the 
point where a member of the public would have unrestricted access to live and conduct 
business, and, consequently, to be maximally exposed. The point of compliance for the 
100 Area wastes sites will be set in the record of decision (ROD) in accordance with 
applicable laws and regulations. 

4.2.3 Remedial Action Goals 

Remedial action goals are the target cleanup levels which satisfy RAOs, and as 
such, . are considered a subset of RA Os. These cleanup levels are driven by the results of 
risk assessment evaluations and/or ARARs. In lieu of site-specific investigation and risk 
assessment data, assumptions have been made to develop the RAOs and associated 
remedial action goals for the purpose of this FS. While the use of assumptions instead 
of site-specific data results in a greater level of uncertainty, preliminary RAOs and 
remedial action goals can still be developed to a degree adequate for the Phase 1/11 
alternatives development. However, site-specific data and definitive risk assessments will 
be necessary for future detailed analysis of alternatives. 
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For purposes of this Phase I/II FS, the preliminary remedial action goals are 
based primarily on state and federal regulatory limits (potential ARARs) along with 
selected assumptions regarding cleanup levels as developed in the Hanford Past Practice 
Site Cleanup and Restoration Conceptual Study (WHC 1991c). 

As stated in the preamble to the NCP (55 FR 8666 et seq.), chemical-specific 
ARARs are to be used to the degree possible to determine remediation goals. Where 
ARARs do not exist for a contaminant, risk-based cleanup goals will be developed, 
based upon risk assessment. Such risk assessment is beyond the scope of this Phase 1/11 
FS. Chemical-specific ARARs and TBCs are presented in Tables lA, 1B, lC, and 2A, 
Appendix B. These potential ARARs were used in development of the RAOs given in 
Table 4-2 and until risk assessment work is completed, are assumed to form the basis for 
developing remedial action goals. Note also that remedial action goals need only be 
developed for the potential contaminants of concern given in Section 2.0. 

Other criteria used in the development of the goals include: 

• Carcinogens - doses posing cancer risk levels no greater than 1.0 x 104 to 

• 

• 

1.0 x 10~ (soils and groundwater) ( 40 CFR 300) 

Non-Carcinogens - the potential for non-carcinogenic effects was evaluated 
by comparing an exposure level (E) over a specified time period (i.e., 
lifetime) with a reference dose (RID), such that the ratio of E/RID 
(hazard quotient) is less than one (EPA 1989c) 

Radionuclides - doses or exposures not exceeding 100 mrem/year for soils, 
4 mrem/year for groundwater, and doses for air emissions not to exceed 10 
mrem/year for all radionuclides, with the exception of Radium-222 (DOE 
Order 5400.5). 

Toxicity-based factors include reference doses (Rills) and cancer slope factors 
(CSFs). The RID is an estimate of the daily exposure to the human population that is 
not likely to cause an appreciable risk of a deleterious effect over a lifetime. The CSF is 
the upper 95% confidence level of the slope of the dose-response curve. Reference 
doses and CSFs are utilized to compute a concentration level consistent with 
preservation of human health. State or federal ARARs define MCLs for human health 
considerations. Where ARARs exist, they are assumed to be adequately protective of 
human health and are therefore used, for FS purposes, as cleanup levels (remedial action 
goals). In addition to protection of human health (WHC 1991c) it is assumed that 
contaminated groundwater beneath the Hanford Site must not cause constituent 
concentrations in the Columbia River to exceed chronic aquatic toxicity levels if the 
present ecology of the river is to be maintained. 

In considering land use, Superfund exposure assessments most often classify land 
use as either residential, commercial/industrial, or recreational (55 FR 8666 et seq.). 
EPA also considers the ecological use of the property and as appropriate, the 
agricultural use. The HSBRAM (DOE/RL 1991c) poses four scenarios for exposure 
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assessment: residential, commercial/industrial, recreational, and agricultural. For the 
purpose of developing cleanup goals for assessing remedial alternatives, this 100 Area FS 
considers only residential (also called general use) and commercial/industrial land uses. 
Cleanup goals for residential use would satisfy objectives for both recreational and 
agricultural uses since risk assessment criteria are most stringent for the residential 
scenario. This is consistent with the NCP principle (see 55 FR 8666 et seq.) that, while 
assumption of residential land use is not· a requirement of the program, the assumption 
may be made based on conservative but realistic exposures to ensure that remedies will 
be protective. Where the likely future land use is unclear, risks assuming residential land 
use can be compared to risks associated with other land uses, such as industrial. This is 
also consistent with the MTCA cleanup regulations which provide cleanup standards for 
both residential and industrial land uses. 

4.3 GENERAL RESPONSE ACTIONS 

The GRAs identified for the RAOs for each media address the exposure pathways 
and receptors identified in Table 4-1. Application of the GRAs presented in Table 4-2 is 
intended to prevent direct contact with the contamination and/or reduce or eliminate 
contaminant-specific contributions of the different media for protection of human health 
and the environment. 

28 4.4 VOLUMES OR AREAS OF MEDIA OF INTEREST 
:::r--

The identification of areas or volumes of media affected includes a consideration 
of acceptable exposure levels, potential exposure routes, site characteristics, and the 
nature and extent of contamination. To arrive at a reasonable estimate of the area or 
volume of media affected, certain assumptions have been made. These are listed as 
follows: 

• The in situ volume of affected groundwater was calculated using the pore 
volume of the aquifer extending from the unconfined water table down to 
the top of the Middle Ringold Formation. A 20% porosity was assumed in 
the calculations. The in situ volume calculations also were based on the 
lateral extent of the nitrate and tritium plumes as these were considered to 
be highly mobile contaminants. Specific details of the calculations are 
found in Appendix D. 

• Riverbank sediments include all those vadose zone soils between the low 
and high water elevations of the Columbia River inland to the location 
where the difference between the high water and low water elevations is 
minimal. This varies from approximately 48 feet to 180 feet from the river. 
The riverbank sediments thus represent vadose soils near the river which 
have been contaminated as a result of fluctuation in the levels of 
contaminated groundwater (groundwater fluctuations caused by fluctuations 
in river stage). Calculation details are given in Appendix D. 
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• Aerial dispersion of reactor stack emissions was uniformly distributed 
throughout the 100 Area. 

• The gross volume estimates for soils and solid wastes were taken· directly 
from Figure 7-1 of 100 Area Hanford Past Practice Site Cleanup and 
Restoration Conceptual Study (WHC 1991e). 

• All radioactive or radioactive mixed waste removed from contaminated 
solid media is considered low-level waste. However, for purposes of this 
study, radioactive waste is distinguished by levels of radioactivity as follows: 

Low activity waste is defined as non-transuranic (TRU) waste, i.e., 
less than 100 nCi/g total TRU, and which emits beta/gamma 
radiation at any pomt resulting in a dose rate less than 200 
mrem/hr. This is also considered "contact-handled" waste in 
accordance with Westinghouse Hanford Company requirements 
(WHC 1988). 

High activity waste is defined as either TRU or non-TRU waste 
which emits beta/ gamma radiation at any point resulting in a dose 
rate greater than 200 mrem/hr. This is also considered "remote
handled waste" in accordance with Westinghouse Hanford Company 
requirements (WHC 1988). 

These definitions are consistent with those provided in the 100 Area 
Hanford Past Practice Site Cleanup and Restoration Conceptual Study (WHC 
1991e). ·-

Preliminary estimates of the volumes of contaminated media are summarized in 
Table 4-3. 

4.5 IDENTIFICATION AND SCREENING OF TECHNOLOGY 1YPES AND 
PROCESS OPTIONS 

The objective of this section of the FS is identify and screen viable technologies 
and process options which will then be developed into remedial alternatives. Technology 
type is a general term referring to a group of operations with common characteristics or 
results. Examples of technologies include chemical treatment, thermal treatment, 
stabilization/ solidification, and capping. A process option is a specific type of operation 
within a technology type which has a narrow focus for its application, e.g., precipitation 
or chemical oxidation are process options for the chemical treatment technology (EPA 
1988a). 

Technologies and process options are identified for three media: solid wastes, 
groundwater, and soils/riverbank sediments. While the 100-N Area has been set apart 
as a separate medium in this FS, analysis of the applicability of technologies and process 
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options indicates that there are no unique features of the 100-N Area which would 
present technologies or options differing from the three basic media which have been 
considered. That is, even though the 100-N Area contains contaminants which may 
differ in their concentration levels, the types of contaminants are essentially the same as 
for other areas and thus the applicable remedial technologies are the same. It is 
possible that differences in site-specific applications of screened alternatives may result 
when a detailed analysis is performed, but this is beyond the scope of the current FS 
effort. 

4.5.1 Identification and Screening of Technologies 

Potentially feasible, media-specific technologies and process options are identified 
for each of the GRAs by compiling information obtained from EPA documents, 
reference program sources, and other relevant technical references. Specific sources of 
information included: 

• EPA Office of Research and Development 

• EPA Superfund Innovative Technology Evaluation (SITE) program 

• Feasibility studies performed for other DOE sites 

• 

• 

• 

Feasibility studies performed for other government and/or commercial 
sites 

Remedial Action Assessment System (RAAS) database developed by PNL 

Westinghouse Hanford Company (WHC) engineering studies and 
evaluations 

• Vendors of process systems for site remediation 

• Standard engineering texts. 

In addition to these sources, interviews and information requests were made to 
PNL personnel involved in research and development of innovative technologies. 
Innovative technologies were considered to the extent that they have undergone 
development on at least a bench scale. The technologies and process options considered 
are described in Appendix C. 

Each of the technologies and process options underwent an initial screening for 
technical implementability. This first screening step only considered, based on an 
assessment of existing site data on both contaminant types/ concentrations and site 
characteristics, whether a technology and / or process option can be effectively 
implemented at the site. This serves to reduce the initial number of possible 
technologies to a smaller and more workable number of options that are applicable or 
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appropriate for each medium. Descriptions, given in Appendix C, that form the basis for 
screening were prepared to summarize the applicability, and describe factors affecting 
effectiveness, implementability, and relative cost for each of the process options. 

General information regarding the site conditions, contaminant types, and 
concentrations was used to support the screening process. In particular, information 
about the nature of the contaminants and the subsurface conditions were utilized. 

The results of the initial technical implementability screening step are 
documented in Sections 4.5.1.1 through 4.5.1.3 for each of the three media considered. 
A summary of the results is presented graphically in Figures 4-1, 4-2, and 4-3. 

A second screening step was performed on technologies/process options which 
considered effectiveness as a primary criterion with implementability (now including 
administrative implementability) and cost considered as secondary criteria. Details of 
this screening step are given in Section 4.5.2. 

4.S.1.1 Initial Screening for Solid Waste. All of the GRAs presented in Section 4.3 are 
considered applicable for this medium. Figure 4-1 summarizes the results of the initial 
screening of solid waste remedial options. The shaded blocks represent those 
technologies and process options which were eliminated at this screening stage and the 
remaining technologies represent the pool of options to be further evaluated for 
effectiveness, implementability, and relative cost in the second screening step. The 
following discussion presents the results of the initial technical implementability 
screening (the results are also presented graphically in Figure 4-1): 

No Action. The NCP requires retaining a "no action" alternative to serve as a 
baseline for evaluating remedial action measures. The NCP (55 FR 8666 et seq., and 
EPA 1988a) further requires the assumption that current activities such as institutional 
controls, weed control, and monitoring are not maintained; i.e., no action implies a 
scenario of ''walking away from the site." While such a scenario is unlikely, it does 
provide a worst case baseline for evaluation. 

Institutional Actions. The institutional actions considered applicable for solid 
waste include: 

• Access restrictions - Physical barriers, such as fencing, and deed 
restrictions, such as covenants restricting the future use of properties. 

• Monitoring - Leachate monitoring equipment to continuously monitor 
contaminant migration from the waste sources. The leachate monitoring 
can be used to monitor the performance of collection or treatment systems 
for the groundwater or to provide regulatory compliance monitoring. The 
detection of leachate or the progressive decrease of contaminant 
concentration would provide a relative indication of collection or treatment 
success. 
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Containment Actions. The waste containment actions primarily consist of physical 
measures to restrict contaminant migration and/ or minimize environmental impact. The 
technologies evaluated included: 

• Capping - All cap types are retained at this initial screening stage with the 
exception of the vitrified cap. This vitrified cap was eliminated due to 
uncertainties associated with installation of a seamless cap using the in situ 
vitrification technology. 

• Horizontal barriers - Grout injection was retained as being a technically 
implementable and potentially applicable process option. Current 
technologies are potentially capable of creating a horizontal barrier below 
the solid wastes. Cryogenic barriers were eliminated for the following 
reasons: 

• 

The barrier requires addition of water, which increases the 
potential to mobilize contaminants 
Operating costs would be very high because of the need to 
maintain the cryogenic systems over a very long-term. 
The barrier may not work (may not prevent contaminant 
migration). 

Vitrification was also eliminated as a potential horizontal barrier 
because the technology has not been demonstrated for use as a 
containment method in the 100 Area. 

Vertical barriers - Slurry walls and grout curtains were judged to be 
potentially applicable and were retained. The presence of large boulders 
in the soils at the Hanford 100 Area precluded the use of sheet pilings as a 
viable vertical cut-off method because of the anticipated difficulty in 
driving the piles; therefore, sheet pilings were eliminated. 

A vertical cryogenic wall is not applicable for the same reasons as 
stated above for the cryogenic horizontal barrier; therefore, this 
option was screened out. 

The implementability of biological barriers has not been 
demonstrated on the potential. scale required and also would involve 
significant injection of water and nutrients, increasing the potential 
for contaminant mobilization; therefore, biological barriers were 
eliminated. 

• Run-on/run-off control - The process options of diversions/collection, 
grading, and revegetation have all been retained as being potentially 
applicable. 

Removal/Disposal Actions. The removal/ disposal actions evaluated include: 
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• Excavation and demolition methods for removal and size reduction of 
waste components 

• On-site and off-site disposal comprised of engineered structures or 
facilities. 

All of the process options in the removal and on-site/off-site disposal technologies 
are considered technically implementable for the given site conditions and were thus 
retained. 

In Situ Treatment Actions. In situ treatment actions include 
stabilization/solidification technologies as follows: 

• Grout injection and vibration aided grout injection - These are process 
options capable of encapsulating the waste to form a monolithic block 
which resists leaching or migration of the waste contaminants to 
groundwater. 

• Dynamic compaction - A method of reducing volume and the interstitial 
pore space to limit groundwater contact with the waste. Dynamic 
compaction is also used to control subsidence which is important for long
term integrity of caps or other surface barriers. 

The grout injection methods and dynamic compaction process options were 
retained. 

• Vitrification - This process option was eliminated at this screening step 
because it has not been sufficiently demonstrated for application in a 
heterogeneous waste potentially containing sealed containers which are 
expected to exist in the 100 Area burial grounds. Development results to 
date indicate that application to solid wastes with sealed containers creates 
operating problems with the off-gas control system which have not been 
resolved. 

Removal/Treatment/Disposal Actions. Technology types evaluated in this 
category include: 

• Removal 
• Thermal treatment 
• Stabilization/ solidification 
• Physical treatment 
• Chemical treatment 
• On-site and off-site disposal. 
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All of the process options associated with the technologies for removal/ 
treatment/ disposal actions are considered technically implementable at this screening 
stage and have been retained (Figure 4-1). 

4.S.1.2 Initial Screening for Groundwater. All of the GRAs presented in Section 4.3 are 
considered applicable for groundwater. Figure 4-2 summarizes the results of the initial 
screening of groundwater remedial options. The discussion of screening results is 
presented as follows: 

No Action. A no-action alternative for groundwater is retained as a baseline for 
evaluation of other remedial action measures. Refer to Section 4.5.1.1 for a discussion. 

Institutional Actions. Institutional control technologies considered applicable for 
the groundwater include: 

• Access restrictions - Water rights restrictions and deed restrictions such as 
covenants restricting the future use of the property and access to its 
underlying groundwater. 

• Monitoring - Use of well systems to continuously monitor the groundwater 
quality for regulatory compliance and for monitoring remediation 
effectiveness. Well point monitoring was the only process option 
eliminated in this initial screening step. Well points were not considered 
technically implementable due the coarse nature of the 100 Area soils and 
the large cobbles and boulders expected in the subsurface. Well points are 
normally driven into the soil formation and cobbles and boulders would 
create difficulties in advancement. Also driven wellpoints can not meet 
minimum technical requirements (e.g., sealing) of RCRA/CERCI.A 
monitoring wells. 

• Alternate water supplies - Water supplies developed from other suitable 
water sources unaffected by the contamination. 

Containment Actions. Groundwater containment actions primarily consist of 
physical measures to restrict groundwater (barriers prevent recharge) from contacting the 
waste sources and providing a pathway for contaminant migration. Several of the 
technologies and process options evaluated are similar to those shown for the solid waste 
medium and include: 

• Horizontal barriers - The cryogenic wall was retained at the initial 
screening stage because the threat for contaminant mobilization is not an 
issue as was the case for solid waste. Grout injection was retained because 
it is an established technology that may have suitability to the 100 Area 
soils. Vitrification was eliminated because it has not been developed or 
tested as a containment technology. 
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• Vertical barriers - Slurry walls and grout curtains were retained as 
potentially applicable. Cryogenic walls were retained although their 
implementability is uncertain. Sheet pilings and biological barriers were 
eliminated from the vertical barrier options for the same reasons given for 
solid waste, i.e, rocky soils restrict penetration of the piles and large-scale 
injection of nutrients to support a biological barrier was judged to pose a 
risk for mobilization of contaminants. 

• Hydraulic control - An additional technology unique to the containment 
of groundwater. Hydraulic control may involve the use of extraction wells 
or trenches to impact the hydraulic gradient at the site in the most 
desirable configuration (i.e., to direct flow away from the contaminated 
site). Both extraction wells and trenches were retained. 

Removal/Disposal Actions. All of the removal and disposal actions considered 
for groundwater are identified as being technically implementable. Technologies for 
groundwater removal/disposal include: 

• Groundwater Extraction Wells - Extraction wells, drains/trenches, aquifer 
mining and lixiviant extraction (for inorganic contamination) were 
evaluated. All options were retained. 

• Wastewater Disposal - Tank storage, pond evaporation, or reinjection into 
other suitable underlying aquifers. The technologies for wastewater 
disposal are well understood and were thus retained. 

In Situ Treatment Actions. The following technologies were considered for in situ 
treatment actions: 

are: 

• Biological Treatment - Enhanced groundwater bioremediation is used to 
destroy organic contaminants; biodenitirification is specific to reduction of 
nitrates. Spray irrigation is a special application of biodenitrification where 
extracted groundwater is sprayed on growing plants for reduction of 
nitrates. All may have application in the 100 Area and were thus retained. 

• In Situ Physical Treatment - Air stripping and vapor extraction, which both 
remove volatile organic compounds (VOC), were retained. Permeable 
treatment beds used to remove organics, metals, and radionuclides, and 
electro-kinetic separation used to remove ionic constituents, were also 
retained. 

• In Situ Chemical Treatment - Used to form insoluble precipitates of 
inorganic species (in situ chemical precipitation). This option was retained. 

Removal/Treatment/Disposal Actions. Technology types ihcluded in this category 
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• Groundwater Extraction - Extraction wells, drains, and trenches, aquifer 
mining, and lixiviant extraction. 

• Biological Treatment - Bioreactors, biodenitrification, and biosorption. 

• Physical treatment - Ion exchange, evaporation, media filtration, 
flocculation, carbon adsorption, air stripping, reverse osmosis, 
ultrafiltration, electrodialysis, dissolved air flotation, sedimentation, steam 
stripping, freeze crystallization, and supported liquid membrane process 
options. 

• Chemical treatment - Chemical oxidation, precipitation, tritium treatment, 
wet air oxidation, and chemical reduction. 

• Surface and subsurface disposal - Deep well injection, reinjection into 
aquifer, and crib disposal. 

Numerous process options in these technology categories are available for 
contaminant removal from groundwater. All of the options were considered potentially 
applicable at this stage based upon technical implementability and were thus retained. 
Refer to Figure 4-2 and the discussion in Appendix C. 

4.5.1.3 Initial Screening for Soils and Riverbank Sediments. All of the GRAs presented 
in Section 4.3 are considered applicable for this medium. Figure 4-3 summarizes the 
results of the initial screening of the soils and riverbank sediments remedial options. 
Shaded boxes in Figure 4-3 represent technologies and process options which have been 
eliminated at this screening stage, and the unshaded boxes represent the potential pool 
of options to be evaluated for assembly into remedial alternatives. The following 
discussion summarizes the technical implementability screening process for the soils and 
riverbank sediments medium: 

No Action. A no-action alternativ·e, similar to that posed for solid waste and 
groundwater, is retained as a baseline for evaluation of other remedial measures. Refer 
to Section 4.5.1.1 for additional discussion. 

Institutional Actions. The institutional actions considered applicable for soils and 
riverbank sediments include the use of access restrictions and monitoring. These options 
are the same as presented for the solid waste medium. All process options were 
retained at this stage of the screening. 

Containment Actions. These actions consist primarily of physical measures to 
restrict mobilization of the contaminated soils and riverbank sediments. These 
technologies and process options are similar to those presented previously for solid waste 
and groundwater. Containment technologies provide control of waters that may become 
contaminated through contact with soils and riverbank sediments. The technologies for 
containment actions include the following: 
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• Capping - Contains the soils and riverbank sediments or surface structures; 
could also be constructed to control and divert surface water flows. All 
types of caps are retained at this initial screening stage with the exception 
of the vitrified cap. This cap was eliminated due to uncertainties 
associated with installation of a seamless cap. 

• Horizontal Barriers - Grout injection was retained because it is an 
established technology that may have suitability to the 100 Area site 
conditions. Vitrification was eliminated because it has not been 
demonstrated to the depths required for containment. Cryogenic barriers 
were screened out for the same reasons as discussed under solid waste (See 
Section 4.5.1.1). 

• Vertical Barriers - Slurry walls and grout curtains were retained as being 
potentially applicable at the 100 Area. Sheet pilings were eliminated 
because of the installation difficulty posed by rocky soils. Cryogenic walls 
were screened out for the same reasons as discussed under solid waste (see 
Section 4.5.1.1). Large-scale injection of nutrients to support a biological 
barrier pose a risk of potential mobilization of contaminants, and thus, the 
biological barrier was eliminated. 

Removal/Disposal Actions. Removal of contaminated material prevents 
migration of contaminants at the site. Excavation was identified as the only process 
option for removal of contaminated soils and riverbank sediments. On-site and off-site 
disposal options are comprised of engineered structures or facilities and would be 
implementable for the given site conditions. All these process options were retained for 
further consideration. 

In Situ Treatment Actions. In situ treatment actions are comprised of 
technologies to stabilize and solidify, or to biologically, chemically, or physically treat the 
waste. 

• Stabilization/solidification - accomplished by application of process options 
that encapsulate loose waste to form a monolithic block. The monolithic 
block is not prone to leaching and subsequent migration of contaminants 
from the waste. All process options in this category were retained at this 
screening stage. 

• Biological treatment - primarily limited to removal or destruction of the 
organic or nitrate constituents. Land farming was retained for special 
applications involving petroleum contaminated soils, such as leaks from 
underground fuel storage tanks or other petroleum fuel spills. 

• Chemical treatment - soil flushing using chemically reactive reagents may 
be used to remove organics and inorganic constituents. This option was 
retained as implementable. 
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• Physical treatment - processes to withdraw or drive the contaminant from 
the matrix. The process options include: vapor extraction, steam stripping, 
physical soil flushing (non-reactive reagents), RF heating, and electrical soil 
heating. All were retained at this stage. 

Removal/Treatment/Disposal Actions. Several types of technologies and process 
options are represented in this GRA and are similar to those given for the solid waste 
medium. These technologies include removal, thermal treatment, stabilization/ 
solidification, physical treatment, chemical treatment, biological treatment, and on-site 
and off-site disposal. The process options representing these technologies are listed in 
Figure 4-3 and are described in Appendix C. All of the process options were retained in 
this screening step. 

4.5.2 Evaluation of Technologies and Selection of Representative Technologies 

This section documents the further evaluation and screening of the process 
options that were retained in the initial screening step (Section 4.5.1). Only those 
options remaining after the initial screening continue through the process for a more 
thorough review based on effectiveness, implementability, and relative cost. This second 
screening evaluation leads to the selection of representative process options for each type 
of technology to be assembled into a group of remedial alternatives for the 100 Area. 
The results of the second screening are summarized in Figures 4-4 through 4-6 and are 
discussed below. 

In the selection of representative technologies, CERCIA guidance (EPA 1988a, 
Section 4.2.5) suggests that only one process option be selected to represent a technology 
type. This simplifies the subsequent development and evaluation of alternatives without 
limiting flexibility during remedial design. That is, while the representative process 
provides a basis for developing performance specifications during preliminary design, the 
specific process actually used to implement the remedial action may not be selected until 
the remedial design phase. In some cases, more than one process option may be 
selected for a technology type, if two or more processes are sufficiently different in their 
performance that one would not adequately represent the other. The criteria used to 
evaluate technologies in the second screening step are described as follows: 

Effectiveness Evaluation. This evaluation focuses on the potential effectiveness of 
each process option in remediating the volume of waste media and in meeting the RAOs 
with regard to protection of human health and the environment. Specific information 
considered includes types of contamination and concentration, volume of contaminated 
media, and rates of collection/removal of liquids or solids. Each process option was 
classified as being either highly effective, moderately effective, limited, or not effective. 

Implementability Evaluation. During this screening step, implementability was 
not weighted as heavily as the effectiveness of the process option in accordance with 
CERCIA guidance (EPA 1988a). The initial screening, described in Section 4.5.1, 
considered technical implementability more on a pass-fail basis, whereas this second 
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screening rates the relative degree of technical implementability. In addition, in this 
second screening, implementability also includes the institutional feasibility ( e.g., 
regulatory acceptability, public perception) of implementing the technology or option. 
These aspects may include necessary permits or issues such as capacities of treatment, 
storage, and disposal facilities. The implementability of options were classified as easy, 
moderate, difficult, or not implementable. 

Cost Evaluation. In accordance with CERCLA guidance, cost plays a limited role 
at this screening stage. The cost analysis is made on the basis of engineering judgement 
and each process is evaluated in relation to other process options of the same technology 
type. Both capital costs and operating costs are considered. The cost of options were 
classified as very high, high, medium, or low in relation to other process options in the 
same technology grouping for each medium of concern. 

4.5.2.1 Evaluation of Process Options for Solid Waste. Solid waste remedial options 
were evaluated based on the criteria defined above. Figure 4-4 summarizes the results 
of the second screening step. A more detailed discussion of how each options meets the 
criteria is given in Appendix C. Results of the second screening step are discussed 
below. 

No Action Response for Solid Waste: 

No Action. This option may be useful for some sites provided that risk assessment 
indicates acceptability of leaving solid wastes in-place with no additional remediation or 
monitoring. However, for broad application, administrative implementability is 
questionable because of likely resistance to this solution by the public and the regulatory 
agencies. The effectiveness of a no action response may not satisfy the RAOs if 
contamination is left in-place. The alternative is not eliminated at this stage because .this 
option is required by the NCP as a baseline and because it may be an appropriate 
response for some sites. 

Institutional Controls Response for Solid Waste: 

Access Restriction Options. Both fencing and deed restrictions were retained at 
this screening stage. Their effectiveness, particularly in environmental protection is 
limited but they are easily implementable at low cost. 

Monitoring Options. Leachate monitoring was eliminated as a potential option 
because current solid waste burial grounds cannot be monitored for leach~e without 
construction of a leachate collection system beneath the contaminated sites. 
Implementation of leachate collection systems necessitates some technique to 
concentrate or sample the leachate that may be migrating below a waste source. The 
leachate collection system requires either a natural clay barrier or a constructed barrier. 
Placement of such a barrier beneath a disposal site is not considered practical without 
waste removal. Therefore, this option is screened out. 

Containment Response for Solid Waste: 
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Capping Options. Capping involves the installation of a barrier over the surface 
of the contaminated area to control erosion and to prevent the generation of leachate 
caused by surface water infiltration. The asphalt and concrete capping options were 
eliminated at this stage based on the need for extensive long-term maintenance to ensure 
the integrity of the cap. Without such maintenance, the effectiveness of these caps 
would be reduced considerably in a relatively short time due to surface degradation. 
The synthetic cover was also eliminated. The expected design life of this option is 
uncertain and was judged as having limited effectiveness at best and medium to very high 
costs. 

Soil/ clay caps are retained for potential application to those sites where 
contaminated solid waste is removed but contamination below a certain depth ( e.g. 15 ft 
as addressed in MTCA) is left in place. Soil/clay caps are retained for this application 
as representative of this technology type because they off er the best implementability and 
lowest cost relative to the asphalt, cement, and synthetic covers. 

The three options retained were the RCRA multi-media cap, the Hanford Barrier, 
and the soil/clay cover. These options were selected as representative process options 
for the solid waste medium. The Hanford Barrier is a special design of the RCRA 
multi-media cap option. The Hanford Barrier is particularly well suited to the 100 Area 
site conditions and is being specifically designed for isolation of radioactive wastes or 
mixed wastes for up to 1,000 years. These two retained options incorporate similar 
features and include the best characteristics of several capping designs. The Hanford 
Barrier would be constructed of natural materials which should 1) minimize the need for 
long-term maintenance (provided that measures are taken to control subsidence), 2) 
resist erosion, and 3) provide features adaptable to a range of site conditions. The 
RCRA multi-media cap is considered applicable for hazardous only wastes or other 
applications, such as very small sites, where the RCRA cap would be technically 
adequate and/or more economical. The soil/clay cover would be considered for 
applications where solid waste sites are partially excavated while some deep residual 
contamination is left in place. 

Horizontal Barrier Option. Grout injection as a horizontal barrier was eliminated 
because of its limited effectiveness and difficult implementability. It has not been 
demonstrated in a field application at the Hanford Site. The emplaced lateral continuity 
of the barrier is uncertain and was the major factor in eliminating this process option. 
The horizontal barrier technology type was thus completely eliminated as a result of the 
two screening steps. 

Vertical Barrier Options. The grout curtain was determined to be ineffective as a 
vertical barrier due to the expected uncontrollable nature of emplacing grout in the 
coarse Hanford soils. The soils would require viscous grout mixtures and a close pattern 
of injection boreholes to achieve adequate overlap of the grout columns. 

The slurry wall was the only option retained for vertical barriers. Better control 
of construction is provided over grout curtains because slurry walls are continuously 
excavated and emplaced structures. The barrier is considered to be moderately effective, 
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but for the distances and depths required at the 100 Area, the implementation would be 
difficult and highly costly. Slurry walls, however, were retained as a representative 
technology for further development of alternatives. 

Run-On/Run-Off Control. The three process options for run-on/run-off control 
include diversion/ collection, grading, and revegetation. At some point in the remedial 
process, each of these process options may be used to control surface water flow at the 
site. These process options may be employed to prevent flooding, control erosion, or 
direct surface runoff. All of the options were retained for development of alternatives. 
A representative process option was not chosen since each of the options differs 
significantly from the others in its application and performance. 

Removal/Disposal Response for Solid Waste: 

Removal Options. The process options of excavation and demolition of larger 
structural components were retained as being highly effective, moderately 
implementable, and relatively low cost. Both options are representative of the removal 
technology and both would be needed to handle the range of waste forms. 

On-Site Disposal Options. On-site disposal in a tumulus was judged to have 
limited effectiveness relative to other options and was eliminated. A tumulus is an 
above grade structure that is considered to be more susceptible to surface degradation 
and also to have higher maintenance requirements relative to options where waste is 
buried below grade. The remaining process options--trenches/pits for low activity mixed 
waste, vaults for high activity waste, and RCRA-type landfills for hazardous-only wastes-
are representative of the technology and are considered to be more effective as solid 
waste disposal options. 

Off-Site Disposal Options. Off-site disposal in a geologic repository was 
determined to be highly effective but not implementable in a time frame necessary to 
meet the RAOs because a repository is currently not available and one is not likely to be 
available in the foreseeable future. The RCRA landfill and DOE facilities options were 
retained as being representative of the technology type required for the disposal of the 
variety of wastes to be encountered, i.e, a RCRA landfill could handle hazardous wastes 
and mixed and/or radioactive only wastes would have to be disposed at a DOE facility. 

In Situ Treatment Response for Solid Waste: 

Stabilization/Solidification Options. Grout injection was eliminated as an in situ 
stabilization/solidification process option for the same reasons discussed under 
horizontal barrier options. The high porosity of site soils could allow the grout to flow 
freely around the site and reduce the possibility for an effective solidified matrix in the 
solid waste areas. Vibration aided grout injection was retained because the function of 
vibration applied during grout injection was assumed to provide better control of grout 
migration to the desired locations. Vibration aided grout injection was classified as 
moderately effective and is the only technology option retained as representative of in 
situ stabilization treatment. 
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Dynamic compaction was retained as process option of limited effectiveness. The 
process would reduce the interstitial pore space and thereby reduce the potential for 
contamination migration through groundwater transport or leachate development from 
surface water infiltration in the short-term. However, its greatest benefit is in controlling 
subsidence, an important aspect to the effectiveness of surface barriers. 

Removal/Treatment/Disposal Response for Solid Waste: 

Removal Options. Refer to discussion above for Removal/Disposal GRA for 
solid waste. Both excavation and demolition were retained. 

Thermal Treatment. The thermal treatment technology options retained include 
thermal desorption, incineration, and pyrolysis. These options were judged to be highly 
effective. The options eliminated included metal melting and molten solids processing. 
These options were screened out for the following reasons: 

• A highly segregated waste stream would be needed ( e.g., metal melting 
would require sorting into metal types such as lead, aluminum, and 
iron/ steels) 

• Cost associated with segregation activities would be very high. 

• Using the processes for decontamination purposes is uncertain. 

• The option is not considered to offer significant advantages over other 
process options ( e.g., incineration followed by solidification). 

Stabilization/Solidification. The stabilization technologies are intended to create 
a solid monolith of waste with low permeability and reduced leaching potential. All four 
process options were retained. Cement is the most commonly used material although 
difficulties associated with formulation are typical. Bitumen is a thermodynamically 
stable material and highly resistant to moisture penetration; however, it is not as widely 
used as cement. Polymers are innovative materials which are most suitable for high 
waste loading applications. Vitrification provides the most robust waste form (glass), 
although the process is complex. 

Physical Treatment. Segregation/sorting was judged to be technically difficult to 
implement to achieve a high degree of separation of solid waste by type of waste and/ or 
waste form. This degree of sorting could probably only be accomplished with a slow 
item-by-item manual sorting, which would be very costly and could pose unnecessary risk 
to workers unless done remotely. Therefore, this manual item-by-item 
segregation/sorting was eliminated as a general process option. Basic waste segregation, 
such as separating out intact drums, compressed gas cylinders, other special hazard 
materials, or highly radioactive waste, will be conducted during excavation. Metal 
decontamination (as metal melting) also requires a highly segregated waste stream and 
was eliminated. 
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The options retained included size reduction and repackaging. Some limited size 
reduction may be accomplished with the compactible or loose materials in the solid 
waste. Repackaging of damaged, deteriorated, or inappropriate containers may be 
incorporated. 

Chemical Treatment. Chemical oxidation and acid digestion process options were 
judged as having limited effectiveness, difficult implementability, and very high costs. 
These limitations did not warrant any further consideration of these process options. 

Hydrolysis was identified as having limited effectiveness (it is effective for reactive 
metals only), difficult implementability, and high cost. However, it was retained as a 
potentially useful approach to remediate reactive metals should they be encountered 
during excavation and removal operations. 

On-Site Disposal Option. The trenches/pits, vaults, and RCRA-type landfills are 
the same process options as proposed for on-site disposal in the removal/ disposal 
general response action. All were retained. 

Off-Site Disposal Option. Off-site disposal options for the removal/treatment/ 
disposal GRA are the same as discussed previously for the removal/disposal GRA. The 
RCRA landfill and the DOE disposal facilities were retained for use in developing 
alternatives. 

4.5.2.2 Evaluation of Process Options for Groundwater. The results of the second 
screening step for groundwater technologies/process options are summarized in Figure 4-
5. Treatment options are well known for most of the contaminants of concern in the 100 
Area; however, no technology exists that could economically remediate tritium 
contamination. Natural attenuation appears to be the most viable alternative for the 
treatment of tritium. 

No Action Response for Groundwater: 

No Action. This option for groundwater is retained to serve as the baseline for 
comparative evaluations of active remedial response actions. The viability of a no action 
response is highly dependent upon the results of future baseline risk assessments and 
cost/benefit studies. 

Institutional Controls Response for Groundwater: 

Access Restriction Options. The analysis of this option assumed that both water 
rights restrictions and deed restriction options could be maintained in the short-term and 
possibly in the long-term. Both process options were retained for alternatives 
development. 

Monitoring Options. Groundwater monitoring is the only process option 
remaining from the first screening step. Monitoring is considered a highly effective 
method for detecting migration of contaminants. Monitoring will likely be required as 
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part of the remediation and post-closure activities and thus was retained for development 
of alternatives. 

Alternate Water Supply Options. The alternate water supply options consist of 
Columbia River water and development of nearby sources such as wells in unaffected 
areas. It was assumed that the necessary water rights could be obtained to make this a 
viable option. Both process options were retained for alternatives development. 

Containment Response for Groundwater: 

Horizontal Barrier Options. The two remaining horizontal barrier options were 
judged to be ineffective due to the existing natural aquitard in the area. There is an 
upward hydraulic gradient from the underlying aquifer, preventing a contaminant plume 
from migrating downward into the unaffected groundwater. The natural hydraulic 
conditions tend to bring clean water into the contaminated zones. No better control 
could be achieved with an additional barrier installation. The horizontal barrier 
technology was eliminated at this stage of screening. 

Vertical Barrier Options. The three vertical barrier options remaining include 
slurry walls, cryogenic walls, and grout curtains. Slurry walls are highly effective in 
controlling the lateral migration of contamination in a geologic medium. Slurry walls 
would be very expensive to install in the 100 Area because of the depth required to · 
reach the natural aquitard; however, slurry walls were retained. 

Cryogenic walls could have the same effect on limiting lateral contaminant 
migration but at very high cost due to the expenditure of energy to maintain cryogenic 
temperatures over the long-term, (perhaps hundreds or thousands of years). It is also 
considered to be highly uncertain whether the effectiveness could be maintained in the 
long-term. For this reason, cryogenic walls were eliminated in favor of slurry walls which 
would not require long-term maintenance. 

Grout curtains were eliminated as a process option based on the limited control 
of grout emplacement and the need for a very close pattern of injection boreholes. 

Hydraulic Control Options. Extraction wells and extraction drains/trenches are 
two process options that can be utilized to provide the hydraulic control of the 
groundwater medium (in conjunction with injection wells). Extraction wells and trenches 
are highly effective in controlling the lateral diffusion and flow of a contaminated 
groundwater plume by controlling flow around or away from a site. Injection wells may 
be incorporated to modify the hydraulic gradient around a contaminated site and contain 
the plume for withdrawal and treatment. Both options have been retained for 
alternatives development. 

Removal/Disposal Response for Groundwater: 

Groundwater Extraction Options. Aquifer mining was eliminated because 
implementability would be very difficult and the cost would be extremely high. The 
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quantities of sediments removed would be massive. Aquifer mining, while theoretically 
possible, is unprecedented on this scale. Lixiviant extraction was eliminated because of 
its unknown effectiveness (workable lixiviants for many Hanford contaminants have not 
yet been developed), potential uncontrollable mobilization of contaminants, and difficulty 
in recovering solutions. The retained process options for alternatives development in 
this category include extraction wells and extraction drains/trenches. 

Wastewater Disposal Options. Deep-well injection into the aquifer was retained 
although implementability is difficult due to permitting restrictions. Above/below
ground storage tanks were eliminated because the very large of volumes of water would 
make this option impractical due to prohibitive costs. Evaporation ponds were 
eliminated because of the potential for release of contaminants such as tritium into the 
atmosphere and because of the potential exposure to biota. 

In Situ Treatment Response for Groundwater: 

Biological Treatment Options. Enhanced groundwater bioremediation and 
biodenitrification process options were judged to be moderately and highly effective, 
respectively. Both options were retained for further development of alternatives 
although their applications are limited to organic contaminants and nitrates. 

Physical Treatment Options. Four physical treatment process options include 
permeable treatment beds, electro-kinetic separation, air stripping, and vapor extraction. 
The permeable treatment bed process option would require periodic replacement of the 
treatment bed and excessively large quantities of the treatment bed material; the option 
was thus eliminated on the basis of limited effectiveness, difficult implementability, and 
high cost. 

Electro-kinetic separation was judged to have limited effectiveness and an 
uncertain implementability (technology has not been demonstrated) and was eliminated. 

Air stripping and vapor extraction were both retained as suitable, specifically for 
removing volatile organic compounds from groundwater. Vapor extraction is commonly 
used for soil remediation, but both process options have also been shown to remediate 
groundwater effectively. 

Chemical Treatment Options. A single innovative in situ chemical treatment 
option was evaluated for treatment of heavy metal and radionuclide contamination of 
groundwater. Injection of chemical reagents into the groundwater to reduce hexavalent 
chromium and/or precipitate other heavy metals and radionuclides may potentially offer 
significant technical and cost advantages relative to ex situ treatment options. This 
technology needs considerable development to prove it viable for in situ application and, 
therefore, its implementability and effectiveness are highly uncertain at this time. For 
these reasons, the option is eliminated at this screening stage. See Section 5.3.5.4 for 
additional discussion of this innovative technology. 
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Removal/Treatment/Disposal Response for Groundwater: 

Groundwater Extraction Options. For the same reasons as given in the 
removal/ disposal response, aquifer mining and lixiviant extraction were eliminated. 
Extraction wells and extraction drains/trenches were retained for alternatives 
development. 

Biological Treatment Options. Biosorption was eliminated as an option due to 
uncertain effectiveness (technology has not been demonstrated). Bioreactors and 
biodenitrification were retained as options for selected contaminants due to 
demonstrated effectiveness in similar applications. 

Physical Treatment Options. Numerous physical treatment options were 
evaluated in this screening step. The retained options include: ion exchange, media 
filtration, flocculation, carbon adsorption, air stripping, reverse osmosis, ultrafiltration, 
steam stripping, and forced evaporation. All process options in this group are proven 
and widely used in the remediation of both organic and inorganic contaminants. These 
options are effective and provide a wide range of treatment choices for all the 
contaminants of concern except tritium. 

Those options eliminated because they are ineffective or of limited/uncertain 
effectiveness include passive evaporation, electrodialysis, dissolved air flotation, 
sedimentation, freeze crystallization, and supported liquid membrane separation. 

Chemical Treatment Options. Tritium separation, while theoretically possible, is 
not practical for groundwater remediation treatment, would be extremely costly, and was 
therefore eliminated. 

Wet air oxidation would not be effective because the level of contaminants is too 
dilute. The chemical treatment options retained include chemical oxidation, 
precipitation, and chemical reduction. 

Surface Disposal Options. Surface discharge is retained as a well proven, 
implementable option for groundwater disposal. The soil column acts as an additional 
level of treatment, especially for tritium. Columbia River discharge is eliminated 
because of tritium contamination, which is not removed from the groundwater. Tritium 
contaminated water discharge to surface water is not a viable disposal consideration. 
Storage tanks are not practical for storage of very large volumes over a long period of 
time and were eliminated as a process option. 

Subsurface Disposal Options. Crib disposal was retained as a process option due 
to its high effectiveness and ease of implementation at a low cost. Deep-well injection 
and reinjection into the aquifer were also retained but are considered more difficult and 
expensive to implement than the other process options. 

4.5.2.3 Evaluation of Process Optic.ms for Soil and Riverbank Sediments. The results of 
the second screening evaluation for this medium are summarized in Figure 4-6. The 
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evaluations performed for soil and riverbank sediments are similar to those given for the 
solid waste medium in Section 4.5.2. 1. 

No Action Response for Soil and Riverbank Sediments: 

No Action. This option may be useful for some sites provided that risk assessment 
indicates the acceptability of leaving soils and/or riverbank sediments as-is with no 
additional remediation or monitoring. However, for broad applications, administrative 
implementability is questionable because of likely resistance to this solution by the public 
and the regulatory agencies. The effectiveness of a no action response may not satisfy 
the RAOs if contamination remains in place. The alternative is not eliminated at this 
stage because this option is required by the NCP as a baseline and because it may be an 
appropriate response for some sites. 

Institutional Controls Response for Soil and Riverbank Sediments: 

Access Restriction Options. Options of fencing and deed restrictions are effective, 
implementable, low cost, and were retained for development of alternatives for reasons 
similar to the other media. 

Monitoring Options. Leachate monitoring was eliminated as a potential option 
because current soil and riverbank sediment sites cannot be monitored for leachate 
without construction of a horizontal barrier beneath the contaminated sites. Leachate 
collection systems require some method to concentrate or sample the leachate that may 
be migrating below a waste source. This would require either a natural clay barrier or a 
constructed barrier. Placement of such a barrier beneath a disposal site is not 
considered practical without waste removal. Therefore, this option was eliminated. 

Containment Response for Soil and Riverbank Sediments: 

Capping Options. The three options retained were the RCRA multi-media cap, 
the Hanford Barrier, and the soil/ clay cover for the same reasons as discussed above for 
the solid waste medium (refer to Section 4.5.2.1). 

For similar reasons as given fo r solid waste (Section 4.5.2.1), the other process 
options were eliminated based of the need fo r significant maintenance to ensure the 
long-term integrity of the cap. 

Horizontal Barrier Options. Grout injection was the only horizontal barrier 
evaluated at this screening stage. The horizontal barrier option was eliminated because 
of limited effectiveness and difficulty in implementation. The porous soils at the 100 
Area would inhibit accurate grout placement. 

Vertical Barrier Options. The grout curtain option as a vertical barrier was 
judged to be ineffective due to the expected uncontrollable nature of grout in the porous 
Hanford soils. It was therefo re deleted. The slurry wall option is moderately effective, 
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but would be costly to construct and difficult to implement at the required depths. It 
was retained as a representative process option of this technology category. 

Run-on/Run-oft' Control Options. The three process options for run-on/run-off 
control include diversion/collection, grading, and revegetation. All three are effective 
for their intended applications, i.e., to control or direct surface water run-on/run-off, to 
prevent flooding, or to control erosion. All options were retained. 

Removal/Disposal Response for Soil and Riverbank Sediments: 

Removal Options. Excavation is the only process option considered for this 
medium. Numerous methods may be available to accomplish this objective. Excavation 
was retained because it is highly effective, moderately implementable, and relatively low 
in cost. 

On-Site Disposal Options. On-site disposal in a tumulus was judged to have 
limited effectiveness and was eliminated. A tumulus is an above grade structure that is 
more susceptible to surface degradation and maintenance requirements relative to 
options where waste is buried below grade. The remaining process options, i.e., 
trenches/pits, vaults, and RCRA-type landfills, were retained as representative of the 
technology and are considered to be more effective as soil waste disposal options. 

Off-Site Disposal Options. Off-site disposal in a geologic repository was 
determined to be highly effective but not implementable in the time frame necessary to 
meet the RAOs because a repository is currently not available and one is not likely to be 
available in the foreseeable future. The RCRA landfill and DOE facilities options were 
retained as being representative of the technology required for the disposal of the variety 
of wastes to be encountered, i.e, a RCRA-type landfill could only handle hazardous 
wastes but mixed wastes would have to be disposed of at a DOE facility. 

In Situ Treatment Response for Soil and Riverbank Sediments : 

Stabilization/Solidification Options. Grout injection as an in situ stabilization/ 
solidification technology process option was eliminated for the same reasons discussed 
for the solid waste medium (Section 4.5.2. 1). It would be very difficult to control the 
grout flow and direction in soils to ensure complete encapsulation. The course grain 
nature of site soils would allow the grout to flow freely around the site. Vibration aided 
grout injection was retained for specific applications such as cribs because the function of 
vibration during grout injection was to provide a method to control grout migration to 
the desired locations. 

Shallow soil mixing and fixants were eliminated due to depth limitations. 
However, either of these might be of limited use where contamination was known to be 
near-surface. Ground freezing was eliminated because of uncertain effectiveness factors: 
lack of adequate soil moisture and the need for maintaining a frozen state in perpetuity. 
Because of the latter, long-term operating costs are judged to be excessive. 
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Vitrification was retained because it would be highly to moderately effective for 
soils and unsaturated riverbank sediments although it has not been demonstrated for 

. ~eeper contamination. 

Dynamic compaction was retained as a process option for limited applications 
where subsidence control is desirable, such as in combination with surface barriers. 

In Situ Biological Treatment Options. Enhanced soil bioremediation was 
eliminated. Effectiveness is uncertain because of the depth of contamination and 
because of the potential for mobilizing those contaminants which are not biodegraded. 
Land farming was retained for special applications involving petroleum contaminated 
soils, such as leaks from underground fuel storage tanks or other petroleum fuel spills. 

Biodenitrification was retained as the representative option for treatment of 
nitrates. It was judged to be highly effective and has been successfully demonstrated in 
both in situ and ex situ applications. 

In Situ Chemical Treatment Options. Soil flushing is the only representative in 
situ chemical treatment option evaluated in this screening step. It requires introduction 
of chemical solutions to the soil matrix to strip contaminants from the soil. The 
effectiveness is dependent upon recovery of the flushing solutions. A high potential 
exists for escape of some mobilized contaminants. For these reasons, soil flushing was 
judged to be difficult to implement and only of limited effectiveness, and was therefore 
eliminated. 

In Situ Physical Treatment Option. Vapor extraction and steam stripping were 
retained as representative process options due to their moderate to high effectiveness. 
Soil flushing, RF heating, and electrical soil heating were eliminated due to limited 
effectiveness, high cost and/ or difficult implementability. 

Removal/Treatment/Disposal Response for Soil and Riverbank Sediments: 

Removal Options. The process option of excavation is the only removal option 
considered for the medium. It was retained as being highly effective, moderately 
implementable, and relatively low cost. 

Thermal Treatment. Thermal desorption was the only thermal treatment 
technology retained. This option was judged to have the potential for being highly 
effective with moderate costs (relative to incineration and pyrolysis) for soils application. 
The options eliminated included incineration, pyrolysis, and molten solids processing all 
based on economics relative to thermal desorption. These options were ranked as 
moderately to highly effective but were determined to have much higher capital and 
operating costs relative to thermal desorption, due to the need for higher temperatures 
(which increases fuel costs). Incineration requires raising the temperature of the soil to 
a level high enough to ensure destruction of organic contaminants. The thermal 
desorber, on the other hand, only volatilizes organics (at relatively low temperatures) 
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which are then combusted in a secondary chamber ( other options are also available for 
off-gas treatment). 

Stabilization/Solidification. Bitumen-based, cement-based, and polymer-based 
options were eliminated because they would all result in a significant increase in the 
waste volume as a result of treatment. Stabilization/solidification of bulk soils is not 
practical nor desirable on an aggregate basis because of potential large waste volume 
increases. Stabilization/solidification may be considered for limited special and small
scale applications in the FFS for each site or OU. 

Vitrification was retained as an option as an innovative technology for soil and 
riverbank sediments and shows promise as being highly effective although costly for large 
volumes of soil (significantly higher costs than incineration due to the need for melting, 
as opposed to merely destroying organics). 

Physical Treatment. The three physical treatment options evaluated include 
vapor extraction, soil washing, and steam stripping. Vapor extraction and steam stripping 
are proven techniques for removing volatile organic compounds from soil and riverbank 
sediments and are therefore retained. 

The effectiveness of soil washing is uncertain due to limited test data and the 
diversity of 100 Area contaminants. However, if it can be successfully proven, the 
technology shows promise as an innovative approach which could substantially reduce the 

~ volumes of waste required for disposal. It is therefore retained. 

Chemical Treatment. Two of the process options, chemical oxidation and alkali 
metal dechlorination were eliminated due to limited effectiveness. Soil washing with 

- chemicals was selected as the representative process option for similar reasons as given 
above for physical treatment. · 

Biological Treatment Options. Land treatment was classified as having limited 
effectiveness because of the potential for mobilization of contaminants. Bioreactors and 
biodenitrification were retained as representative process options. Both options are 
highly effective in treatment of organics and nitrates. 

On-Site Disposal Option. On-site disposal technology to satisfy the 
removal/treatment/disposal action includes the same process options that are discussed 
for on-site disposal under the removal/ disposal response. The tumulus as an above 
ground facility was eliminated due to its limited long-term effectiveness. The options 
retained in this category were trenches/pits, vaults, and RCRA-type landfills. 

Off-Site Disposal Option. Off-site disposal options for the 
removal/treatment/disposal action are the same as discussed under the removal/disposal 
response. The RCRA landfills and the DOE disposal facilities were retained for 
development of alternatives. A geologic repository was eliminated because it is not 
implementable in the time frame necessary to meet the RAOs. 
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4.6 SECONDARY TREATMENT PROCESS OPTIONS 

Section 4.5 provides screening of technologies and process options which are 
applied as primary response actions for remediation of contaminated sites. Several of 
these primary options generate secondary waste streams which require secondary 
treatment to meet remediation goals. Evaluation and selection of appropriate secondary 
treatment options needs to consider site-specific and action-specific conditions. This 
evaluation process is reserved for focused feasibility studies. To provide a starting point 
for these evaluations, this section provides a listing of candidate secondary treatment 
options as follows: 

Atmlication 

Off-gas treatment for removal of 
volatile organics, products of 
incomplete combustion, metal vapors, 
or particulates (dusts) 

Liquid and/ or solid residues from 
primary processes containing 
chemicals and/or radionuclides 
requiring further processing to meet 
disposal requirements 
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Secondary Treatment Option 

• Incineration (organics) 
• Water quench (high temperature 

gases) 
• Scrubbing ( acid gases, metal 

vapors, particulates) 
• Catalytic oxidation (organics) 
• Carbon adsorption (organics) 
• Filtration (particulates) 

• Stabilization/ solidification for 
liquids and/or immobilization of 
contaminants 

• Evaporation for volume reduction 
of liquids 

• Filtration for separation of liquids 
and solids 
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Prasaure lnjec11:1~i!:.f~=l spaced dllJI holes 
Free mg ol lrMrsllal water wltlln Kill by :n:ualng cod ant 

below ,,... a cmtaninal(II 

llltrlfttd 1011 layer btneatl areu ol cartaninal(II 

Trencn 1rollld 1reu ol contarnnalkrl are llled wltl 
IOI (or cemert) benta-ita akny 

PreslUl'8 lrjidkrl ol grrut po&II In a p1d1m aumuidlng area ol cmtamlnalon 

Sheets ol concrete, wood, or steel are dltven Into flt 
1al1 ILfflUldng areu a caurnnalon 

Freellng ol lnlamltlal water wttin Kil• IUl1'llJrldng area ol cartarnnal(II 

Banlar creatad by 1ccuruial(II ol blomau 

Contrd ol stbsurtaca hydraulc gradient by simuKanerusly 
extradlng arid Injecting groondwaltr 

Drainage or lntltral(II trenches used to 
ocMtd/llrect grtuldw1tar low by gra'ftty 

SctNning Comments 

POllnlally Appllclble 

POllnlaly Applicable 

Wei poir!II camel bt Installed 
lnrocxylola 

POllnlally Applicable 

POllnlally Applicable 

POllnlaly Appbble 

POllnldy Applcable 

1mp1tmerubll1y Unce1111n 

Nol applcalllt n aallrated ICila 

Pdtnlaly Applcabla 

Pdtnlaly Appkable 
Camel bt dlfven 
~rocxyaala 

lmplementablty Uncertlin 

NOi eppllcable due lo dllaJty In 
malnlaloog stable banter end polential to 

rria>IIIZI a:nttninanll 
Pdtnllly Applicable 

P01ent11ly Applicable 

0 
"C .... .... 
0 = ~ 
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"Tl 
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Groundw1tlr G-r,/ &medial P-• 0.SC:'flliOM Sc,-,/ng Commentl ri 
#w,pona AclloM T.chnolo,r Opl/on1 t-

~ 

~ 
~ 
Cl" 

Extradlm Walla Gnuldwater lllllOVII througl wlllla Pollnbly AppllClble :s -· E.xtradloo Oralns/'Trenchea Or~ or lnlllraloo tnux:hes used 10 Pollnlaly Appic.ablt n 
GIWldwa tar colle red grwndwater low by gra-Aty S' cg 

Extrac:too Acµfer t.lnlng Rem<WII ol waler baai1ng :;:Jani! avtrllurdan) Paanlaly Appllcablt .., -
llling rrinng OIJ'/ 

(;") -Uxlvtant Eltra c1I 00 Dlsaauloo ot ad&ort>ed cootamnanta Pdanlaly AppllClble a .g flan saturated sa<lmenll 

C: ;- C, 
Discharge ol 161treated grouidwatar Pdanlaly Appllcablt = a 0 Oeepwell lrjedloo belowacµfe11 t~ C, tT1 

~ 
Wastewater ilb<We-/Below-Grwnd T ria lndeftrita atorage cl cootami'latad Pdenlaly AppllClblt cg e. '"'I ........... 

"T1 
Disposal grwidwatar In ab<Ml.telow grouid taro 

- cg Pl ~ ~ 0"' I Evap011tlm Poods Saar Evaporation (Pasalvt Evapo11lon) Pdenlaly Applicable .., 5: :::, t"" 
N 
O" - . tp \0 --=~ N 

Procasa whe111 nutrtenll and mk:la>e, are lrjectid 11110 an organcalty i~ I 

lnSIIU I I ~ Enhanced Grwndwater Bloreme<ldoo I Pdenlaly AppllClble ...... 
!Jatogcal cxnarrinalad Zall and byplOCiJcta Ill llCOll1llld tor <lspoul ...... 

T111arnent I T111atmwt lrjedlon ol rncrdlea 'tla~11terenlally metabdlze nitrite conlamllaloo; 
N~ Blodenitrilcaloo Pdenlaly Applicable 1pray lnlgatlon ol rate-corunlng watar m growing planta 

Pert=pe Installed below the ~fer grade allcws air to 
~ ~· 

Air Strlppng pertdata grCU1dwatar tle11by ping orgaric oontamlnaUon Pdenlaly Appllcable ~!ie 

Pemeable Treatment Beda A tnlnch la w:.avated below Ile acµler and la bad(llled wltl a treatmwt Pdenlaly Appllcablt 0 

1':rU:nt medkm ntended 10 iiercept arurrinanta In Ile grwndwatar ~ 

Vapor E.ltradloo VaClUII extrac:tm cl VOCI flan gn:uidwal8r Pdanlaly AppllClble --= 
Electro-Kinetic Separadoo !.tgralon a kn Induced by clred w111nt, almllar to Pdenlaly Applicable g alectro-dlalylia but no membrane la uaed 

~ 
(I} 
(I} 

Olemlcll I I In Situ Cherrie.ti Predj)ltalm I AdclUon a 11agents to fonn hsollble Pdenlaly AppllClble 0 T111m1nt (and flus, mnoblle) poopltatN 
'C --· 0 = (I} 



Groundw•t•r General 
Rellf)OIIN Action, 

Removal 

Traatment 

Osposal -

I 
I 

H 

~ 

Contiluad 

Remedial 
Technology 

Grouldw1t1r ~ 
Extradlon 

I lloiogcal 
Tn10nent I 

Rlyslcal 
Trannent ~ 

-
--
-

' L 

--..._ 

-..._ 

-..._ 

--..._ 

---
..._ 
..._ 

Pro"", 
Option, 

Extradlon Wella 

Extra di en Dralns/T randles 

A(fifer Mlling 

Lbd-Aant Extradlon 

Blon11ctcn 

Elodenlrilcadon 

Blosorptlon 

Ion Exchange 

Evaporadon: Passlva 

Meda Altra aen 

AocnJdon 

Caiben Adsorpdon 

Air StriP!lllg 

Ravan;e Osmoeia 

Utraflltradon 

Eledrod1lysla 

Dlssdvad Air Aotaaen 

Sedlmentaden 

Steam Stripping 

Evaporaden: Foo:ed 

Freeze Cry,taUlzalen 

Supported U<µd Membrane 

Grrundw111r rw!IOYlf tirwgi Will 
Drainage or Jrjjtralcn trandles used to 
cdlad/drad gllllldwlllr low by gravity 

RIIIOOYlf d ':i~ = ~ ovall>llden) 

llt$$0lllen ot 1dlabed oonllmlnlnll 
from llllnad IIOOl8rD 

lldogcal dHlrudlen of~ ocntarrlnlnll In oontalned vasael 
Mix rur1era, Wini ind grwndw1ter In proceu 

vassel under 1n111a>lc cxndltlol-. 

AdS01paon of heavy metals and pctendally 
ra(l<nJdldes onto• Iller cootalring lfgaa 

Adlorplen ot loric caitanin.aen en 1dlv1ted ralkl mater1ala 

Solar evap011lon ot 1(1J8<U wailea In pends 

lroo<i.dlon c:A (latomacea.. ur1h to I g,tUldwater waste stream 
lor mora elldent ramoval of a.pended material 

A matiod ot ramo.1ng (luot,ed mallrilf1 and upended sold• by 
lnlro<i.dng canpwndl thlt coagulate airumlnanll 

Remcwal of o,glric oontamlnatlon trtrn grooodwater by 
ldsorplon en graruar adlv1te<fc1ibon 

A arnmon uni ~ralon In whldl voe, (1$$01ved In water 
,,. v:;1zad and n,mayad 

RemOYal d ccntamlnanta by to grotlldwater lvougl • Iller under pm sun,: 
the contamllllnll 1111 a&ort>e enkl tie hr 1rtd pura water la rwnowd 

A Vlrialon d IIVl118 oemoala L9ing I morl p010111 llter 111d lass pniSliUnl 

lcn mlgralen la Induced by dlred ruirn thrtlugl I plastic membrl/l8 

Removal d ~ndad lnea using lrt:tllng agenll and air bli>blea: 
Ile Ines adhera to tit btbblea and may tien be aldnmed off 

Semlng d auapended mallrials by gravity 

M emancement kl air strlllllina wtich removes 
1emlvd1t11e cornpcu,ds lri a<lltlon to voe, 
U1e1 heat tor mora rapid vaum, re<iJclen 

Concentraden ol ccntaninanta by lnlulng 111d n,moong pure Ice crystals 

Use ol ti!tt dffusl..ty Uc,.Jd (o,garic Nqijd In micro-pores ol 1 
membrane) membrane for contaminant n,mayal 

SctNnlng Comment, 

Potenllly Appliclbll 

Polrialtf Applicable 

Potanhltf Applicable 
Pctanllly Applicable 

l'ctllnllfly Applicable 

Paenllfly Applicable 

Paenllfly Applicable 

Paenllfly Applicable 

Paenlally Applicable 

Paenhlly Applicable 

l'aenllly Applicable 

Paenlally Applicable 

Paenllly Applicable 

Paenlally Applicable 

Potarelally Applicable 

1'0tar1llfly Applicable 

Potarilally Applicable 

1'0tar1llfly Applicable 

Paenllly Applicable 

Potlf1ilfly Applicable 

Paenllfly Applicable 

Paenlally Applicable 
0 
"0 -.... 0 
::I 
fl) 
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Groundw1ter C..nerll 
1-ponN Action. 

Remc,,11 

Tnlarneri 

Disposal 
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er P,OCHI 

Shadodlloll 
Ttdm<>w 
oplonilsa 
btwoona 

NnOdtom 
"do<alon 

Non-lhadod Box: 
Ttdm<>w er prootu 
opionil1111Nd11 
tiolaNIW1glllgt 
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RM!edill 
Technology 

ChomlcAI 
Troarneri 

Surface 
Disposal 

&baurtact 
llspOSII 

-
r--
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I 
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ProceH 
OplloM 

Chemlca/ Oidd1ICJ1 

PredphlCll 

l nlum T roarneri 

Wol Air OJdda~ 

Chemical RedudlCll 

Surta ce Dlschargo 

CaulTilla River 

AbCN& -illelow-GIOUld Tankl 

Deep WeU lrjectlon 

ReinJactlai w10 A(Jllfer 

Crtb Disposal 

0-crptlon. 

Destruction" org111c oontamlnalon by charriCII '91cilCJl IMth 
addlze11 IUch U hydrogen peradde and OZCJlt 

pH •~usrnent to cCJldilOOI wht19 c:orumlnants becane 
lnswblt Ind prtdpi1all 

CCJ1C&ntralCJ1" lrllim by ll..:jniy111 or ahtr phyllctl proce1101 

Oidda ICJ1 of organ ca 11 eitvalad tamper,m and presaurt 
Redat reac1ICJ1 wtlch l9dlJces hexavalent 
chrtrnlim lo lnsauble trivalent chrtllliim 

Discharge of lrllatad glOUldwater d19c:Uy lo the 1011 

Discharge of treated gronlwaler lo the Cwnt,ia River 

Dl6chargo "treated gl'lllldwater lo~ as an Interim meaourt 

Dl6charge of trealed gronlwater below a<JJl1e11 

Slnilar lo deepwell lrjedlCJl, but dscharge 11 made bade lrto Ile aipter 

Discharge lo sat cdurm 

SctNnlng Comments 

Paanllaly Appk.ablt 

Paenllaly ApplClble 

Pctenllaly ApplClblt 

Paenlaly ApplCll)le 

Paenlaly ApplClble 

Polenlally AppllClblt 

Poten11ally AppliClblt 

Pownlally Appk.ablt 

Potentlally Appk.ablt 

Potenllally ApplClblt 

Polenlally Appk.ablt 

"11 ... 
~ 
::2 ... 
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Soivs.diments G.neral 
l!NponN ActioM 

No 
Adloo 

lnstitutiooal 
Adlona 

Crnlalrrnent 
AdlOlll 

Nooe 

ACCISI 
Rntrtc1ooa 

Morltonng 

Capping 

Hoozontal 
Barriers 

Vertical 
Barriers 

P_, 
Option, 

Na Applicable 

Fencing 

Deed Res1J1dloo1 

Le1c1111e Mcnlorlng 

A&phall-Balld Covers 

Conaelll-Ba 11d Covers 

Soit.Oay-Bued Co,,ers 

RCRA l.tJII-Mech Caps 

HarbdBarriers 

VltJ1ficatioo 

Gtw1 lrjedloo 

_ _ ~ryogeric Walla JL.J. 
Vllriflcatioo :- , 

...... .... ,-❖ 

SunyWal1 

Sheel Pllngs 
.-••'•'• 

.:::::r:. 
CryogencWah 

Bl~caJ Barrie11 

DlversknCaledloo 

O.U,iptiom 

NoAdloo 

Fencing al the li18 lo reslltd accesa 
Covenants for prq>erlY use In the area al 

lnlluence woud lndudi reablclona en prq>erty Uil 

Ccntiruo.m mcntorlng ol leacllale from 
cootamlnaled aals/51dmenll 

Asphatt layer 01111 areu ol cmllninaloo 

Cc:nnlll llab over 1re11 al oontamlnalon 

Carc>acted day and sol layer over 1re11 ol cCl'llarrinatloo 

~•c mani>Me, day, sand, and vegela1on layer 01111 areas of coo1amnaaoo 

Mutple layers of ~~:~•~~~1~and, gravel, rlptrap) 

9,-nlletlc membrane and aoll layer Mr areu al a:naninaloo 

Vllrlfted soil layer Ol/11 IIIIH ol aritarrlnatioo 

P111ssure lrjadlon ol gro..( turugh doselv &paced drllf haea 
below 11111 ol aritaninaUoo 

Fn,enng ol lnlllrsdbl molsm wltin soils t,y 
dra.ialng coclanl below areu of cootaiooalcn 

VIIJ1fted wl layer benealh arau ol cootamlnaloo 

Tranches acomd 11111 al a:naninaloo are filed wllh 
IOI (or cemenl) benlallte aluny 

Plel$Ul& lrjedloo ol gnu p0&1I In a pattam IUffllJrdng area ol cxnamnaloo 
SheelS ol coocrete, wood, a sleel are driven Into Ile 

IOI• eulTOllldlng 111111 ol corumlnalcn 
Freenng al nlllrsllat molom wttin 1oll1 IUmUldng area ol a:narrlnaloo 

Barrier created by accumJalon ol biomass 

Surfaa1 waler managemenl by construdloo 
ol dams, dk&1, bemw, charfiels, orleveu 

Modflcatlon ol site topography lo ellllinate looc:lng, erosloo, and pondng 

Vegetatioo cover over a11as ol aritarrlnaloo to reduce/ellrrlnalll 1nl6100 

SaNnlng Comments 

Reql.i11d tor Ollllldersloo by NCP 

Paenaatly Applicable 

P<ianlally Applicable 

P<ianlally Applicable 

P<ianlally Applicable 

P<ianlafly Applicable 

P<ianlafly Applicable 

P<ianlafly Applicable 

Inability to lorm seamen cap 

P<ianlafly Applicable 
Addloo ol mcirue to lorm wall 

can potenllafly mdllllze cCl'llarrlnants 
Nol Awlcable; has nol been 

denionifnlid at diplhl lllq\Jred 

P<ianlally Applicable 

P<ianlalty Applicable 
Carnot be drtven 
nto rodcy IOII 

Addloo ol mclsln to tam wall 
can potenllally molliUl.11 cCl'llaninanb 

Nol ~plc,abf• due to dda.ily In 
malitalring stable barrier arid 

polenllal lo rilolllze cootaninlflls 

Paenlally Applicable 

Paenlalfy Applicable 

Pollnlally Applicable 

0 
'C --· 0 = II) 
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Solla/S.dimM1r. C..neral 
lw,pollN Action. 

Aerro,11 

Olsposal 

In Silu 
Treab'neot 

&medial 
TKhnology 

Rerro,11 

On-Sita 
Olspos1I 

Off-9te 
Disposal 

Slablllzattool 
Sclldlftcaloo 

9313019~1520 

Procu, 
Option. 

Excavation 

TrendlesA'its 

VauhJ 

Tll!UJus 

AGAA Type l.JndfiHs 

RCAA Landfills 

DOE Olsposal Facilities 

Geologic Repc,;ltor1es 

Gro.A lf1oc11on 

Vlbraloo Aided Grcut lrjectlon 

ShaJION Sol Mixing 

Flxanb 

Vltnftuloo 

Dynarric Canpacloo 

Emanced Sal llioremedldoo 

In SI\J Blcioglcal ~-+--< llloderitrificaloo 
Trearneri 1--------------1 

Land F annlng 

Vapor E.xtradlon 

Steam Stripping 

In t~a~tcal ~-t-1 ____ Sci_l_A_usli_ng ___ __, 

RF He11tig 

Electrlcal Sol HuUng 

Unc<Nemg and removal cA contaminated 
scils/sedlments wllh 11and11d earth rnowig 1(1.Jpment 

Olsposal In excavated trenchH and p(ts 

Dlspos.1 In oonservdvely desllJled, relooited cxrocrete vatltl 

DlspOSil by mwndlng waste placed oo I stable atruciJral pad 

Disposal cA hlz.ardoul waste In oo-slte lanclll 

Disposal cA haz.ardws waste In EPA 
apprOYed hlz.ardws waste landftll 

Olsposal ol waste at ~r DOE ladliUes 
with EPA approved disposal 111111 

DlspOSil ol waste 1n EPA 
apprOYed llldergrtu1d reposltoiy 

Pressure lrjeclon cA g,wt tlrough equally epaced 
dr1H hcie1 Into 111111 cA ca11arrinlloo 

Pressure lrjectlon cA grwt llrwgh equally epaced 
dril hcies aided by vtbraloo iloog 1-beama 

Mxlng &dls/udlmanll will chemlcal 
caTl)Wldl 10 prt><iJca I aaldlflad masa 

Spray coating Ila aoll aurlace to prevenl ahboma oontamnattoo 
Electr1caly mah area ol oontamnadoo to lnmoolliza 

oontarrinantl In glass loon 
Sciicificatlon cA scils by lreezlng mcisllre 1n sliJ 

Waste site stablUzadoo by caTl)actoo using a large 
wel!trt dropped nipeate<ly on Ila llllface d Ila 511a 

Introduction cA mlcrdles and nutrients In a ltid to enhance 
orgaric oontarrinatioo dastruclloo k:liONed by removal 

lrje~~~~~~e=::.:itialty 

Tiling and lntrro.Jetioo o1 runents to 11, &di to 
erihance rricroolal dastndoo cA organlca 

Reactive In sl\J soll wasting wtoch 
dissaves adsort>ed oontamnants 

Vacuum extractloo cA voe, 
An emancement to air llril>l>lna which rem<Nea 

&emlvolatlle CORl)Wlda lri ad"dlloo to voe, 
Ncn-niadlve In al\J ldl wastina to 

l'lllllCNe 1dsofbed oontaminanls 
Use cA RF energy to Induce rrigrlloo cA organic oontarrinants 

W1nring the aat to enhanca voe rrigraloo to 111 aurlace 

S-nlng Commen,. 

Pcuntillty Applicable 

Pcuntillty Applicable 

Pcunlllty AppUcable 

Pcuntillty Applicable 

Pcuntialty Appllcable 

Paentialty Applicable 

Potentially Applicable 

Pcuntially Applicable 

Pcunlllly AppUcable 

Pcuntially Applicable 

Paenlalty AppUcable 

Pcunlally AppUcable 

Pcuntillty Applcable 

Potentlalt, Applicable 

Pcunlally Applicable 

Potentially AppUcable 

Paentialty Applicable 

Potentially Appticable 

Potentially AppUcable 

Potenlaly Applicable 

Potenlaly Applicable 

Potentialy Applicable 

Potentialy Applicable 

Potenti1ly Applicable 

0 
'0 -s· 
= fl) 



SoilllS.diment• Genera/ 
1-ponN ActloM 

Aellll>lal 

lrnrner« 

Disposal 

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

9313019 .. 152 1 

Aallll>lal 

Thermal 
Treamer« 

Stablllzalai/ 
Scildlcalm 

Physical 
Trealmer« 

ProceM 
OptloM 

Excavation 

Thermal Desorption 

lndneraUm 

Pyrdysla 

Mooen Sdlda Processing 

81\Jmen-Based 

Cement-Based 

Pofymer-Based 

VIIJ11caUm 

Vapor Extrac1ion 

Soll Wasting 

Removal and destruction a orgaric contaminants lrorn 
wute by low tel11)8ratu11 hnmil trealment 

Outructm a organc cmtarnnara by Ngi ten-.,aram caddaam 

Oecar1>0611cr1 a Oftlllllc cmtarnnants under starved 
air cOl'ldl<n at Ngi qerama 

Destructoo ol Ol'llaric cmtarnnanls and lrrmoolllzalm 
of remalnng =•h.Jera 

t.lxlng a aolls/sedments with blilmen to lorm a 
ltable waste lorm 

t.lxlng a IOlls/sedmanl& with 
water and portand cement to form I morditllc waste lorm 

Encapsualon a ealslsedinent5 In DOlvrnertc 
maler1111 to form • monaltiic waslt form 

Mo111ng a 1015/aedmenll will 0111 
1rtt to lorm a ~Hailed WIN form 

Va<UJm extractlm a voes 
Use a nm-rudlve axtractants to remo.,e anarrinalm 

kl emancement to air str1Plling wNch removes 
aemvdatlle cornprunda lri a<Hlon to voe, 

--- ··- --· ---- - - ----- - - - --

SctNnlng Commen,. 

Potanlaly Applicable 

PcAinlaly Appllcab" 

PcAinlaly Appllcabla 

PcAinlalyAppkabli 

PcAinlaly Appllcablt 

PcAenlaly Applicable 

Paanlaly Applicable 

Paanlaly Applicable 

Pcunlaly Appllcablt 

PcAinhlly Applicable 

Pcunlally Appllcable 

Paanlaly Appllclble 

0 
"C -.... 0 = rll 



Soila/S«limenl• C.-ral 
RNpoMe Actions 

LEGEND 

SladodBoi: 
T ICMOlogy or pooou 
oplionio1CJMnidtorn 
ll1w conoidor1ioo 

Non-lhodod Box: 
T actmlc>W or pootu 
oplion ii rollinod 11 
tilaaorilgtllgo 

Reroo,11 

T111atme11 i-----, 

lllspoul 

Rem«lisl 
Technology 

Chemltll 
Trutmanl 

Elologtll 
T111atmwt 

Oo-Slte 
Olspoul 

OJ1.SJta 
lllspoul 

Ptoc." 
Options 

Sol Wasting 

Alkai Metal ()e(tjorlnatlon 

Land T 1110nent 

V~s 

RCRA Type Llfldtlil 

RCRA Landftlla 

DOE Olspa.11 F1dtlle1 

Geologic Reposlta1e1 

DHcrlptions 

lne1111se or dec111ase In 111 <»dd.Uoo atatt rA contamlnanll 
ID l1ctltate llalr rllllOVII by olhtrtreatmenta 

Use rA 1111d1Ye axtraclllil to 111,ro,,e cmtamlnldoo 

Chemical destructoo ol chlorinated canprunds 

Blologltll destruclloo rA orgaric oootarnnanta 
In COllllned vessel 

Excavate aal and nix wlll rw1ents 
00 I Mned cell or bed 

I.Ix rutrlenll, oJt\n, and 1cAJ In I process 
vessel 111der 1111eroolc cmdi1100& 

Olspa,al In excavated wnchea and Jill 

lllspoul In oooseNalvely dealpd, relrdon::ed cmcrele mlll 

lllspa.11 by mrundng WIiia J>I08d 00 I slable strudurll pid 

Dlaposll rA hlzardrua WIiia In oo-alta landlll 

Olspa,al of hlzanl<lll waste In EPA 
apprtNed hlzardoul waste l1ndftll 

Dlsposaj d WIiia It c#ler DOE l1dllle1 
wlll EPA apprtNed dlspoul 111111 

lllspoul rA WIiie In EPA lppfOVlld 111dergrwid reposltory 

SctNn/ng Comment• 

Polanlllty Appllcable 

Polanllly AppUcable 

Polanllly AppUcable 

Polantllty Applicable 

Polanlllly Applcable 

Polanllly Applicable 

Polentlllty AppMcable 

Polenlllty AppUcable 

Polenllly Appicable 

Polentllly AppMcable 

Polenlaly ApJilcable 

Polenhly Applcable 

Polenlaly Applicable 0 
"C ... ... 
0 = fl} 
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Solid W11t• General Remedial Proc.,, Elt.ctiv_ .. lmp/ement1bilily Cost 
Re,ponN Actio111 T«hnology Optio111 ~ -· I ... 

ft) 

No Na,e N<i Applicable Llmlled • May n<i adll..,. RAO', May nol be acceptable lo local Nme t Adlai !)Ide and re,ilaton; 

'"C:I 
Limited • Pro,;td&, a barl1&r bJI doe• nol Ea'I' • Canmony used Low · lne,ipeosiw ~ -lnsti!Utiaial Access FendlY,l prewnt accesa lo re.ulcled aiea, malerlaa, M'I' lnslalalm a Acliais Reslrldlais 

Deed Reslrld!ais United · Elfect,,e ri lhort lenn, uocertaln Easy • Visual mmllomg reqLired LOIi • Mlrimal r8600rC81 ~red ft) "Cl 
lnlmg lenn C'll -C'll ft) 

0 a 
"Cl ft) 

'-knlloring f Leadlala ~lorifl\l . .H% Umlled • lnstalad<11 cillruld86 b«lealll llltla.il • lnstaladm benealll e~sllng Hili! • lnllallallon r~ret excaval<11 -= •~sting conlamlnaled 51111 conlarnrialed 11186 vlolat86 ALARA prirq>IH tuwi;, C<lllam ated IIIH -· ... 
0 110 = 0" 
1111 ... 

0 .xr: Hlli! • Low caJii.1, ~ c:: 
Aspllalt Base~~ci.~11 Limited · lnadequale lmg-lenn pe,lonn'"1ce Moderale • Commetclaly avalable Nli!O&M 0~ 0 

+>- Cmcrele-Based Cove11 -::::;::::: Limited - lnadequale lmg-lenn pertonn'"1ce Moderate• Canmetdaly avahble Hili! • Low caJii.1, ... ~ om 'T1 Nli!O&M tr1 t.Tiled · Moy be llde(µlle o daiue ol --em<a Low • LOIi equlpmenl and ~ .., ------.!,. Containment Sol,01y-Bued Covo11 of Ill nee, 11Jrlace conlamlnalkn hM; bton removed Eaay • Commerdali)' avala~e 
malerlal 00111 ~ ~~ PJ Actkm Capping 

ACRA "'-JI-Media Capa Mode<ale • Lmg-lenn pertoonence Moderale • ~llellc malerlal1 Moderala • Moally nallral c:: 
C. 11 uocertaln lrld natural malerlal1 maleriall ... I 

Hantoro Barrie11 Moderale • lnn<>1allve, nalUral ma1ena11 Modorall b# ~r~e capllal, 

~ -· 0::, \0 
High • Elfect,,e <>let loog·le<m avalable <11 Ille < N 

. .. ~tie le eo..eri ~<:: Easy • Commmi)' used ,pedallzed 
ft) I 

Limited - lnadequale l<llg·lenn pertonn'"1ce Moderate· Moderate caJilal 00"5 = ,.... 
riolallallm r8<1Jlred fll ft) ,.... -ft) fll 

fll -~ 
Grwt lrjection Umlled · Row direction dilbJI to cm~ol; Oillruk • Umited control ol llow Moderate • Mode<ale '"C:I 110 

lmg-leon pertonn'"1ce unClflai1 pat, 101 groul caplal lrld O &M 110 = I C. 

.... (i 
Slurry Walls Mode<ale · Elteclveoe55 depond1 m u11f01m Oil1lrul · Constructlm dlfflculle1; wrry Hlli! ~ capllal due to 0 Vertical flldcnesa ti 19duce grounct./aler '°"' lou dumg excavallon mulit be prevented r8<1Jired 0 fll 

Banten; Grwt Cunalns Nol Elleclvt · Oiffi~ tinning Moderate - Dependent on sol Hlli! ~ capital due to .... ... 
C<lldnUCU n characlerisla and dep4h re<Jlfred 

~ ~ ._, 

i DlvenilMCalectlon Mode,ale • Eltectlveoesa depondo ModerN~-6~ Jap11a1, <11 hq.,lrllmainlenaoce Ea5V · Well developed lodTil11J .. = Alll.Qnlf\Jn.Off 
Graci!Y,j Umlled • Ellodlve In prevendng poail~ Easy • Widely used teclvllque Low • Ea'I' lo inplement, 5· Cailrci does nol che~ °' prlVetll 1111-<lnillll-o mrilmai rt1ou1ce reqliremeni. IJQ 

Reveget1Ua, Moderate · Elledlv• ri p,evenlng oroolon E•'I' • C01nm<11ly u.ed for LOIi • Once ri piece, 
0 Iii• reclamalon no O & M reqJred .... 

------------------ -
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Proasa 
Option. 

Elcavaloo 

Demdlloo 

loochillf'III 

Vauts 

limu 

ACRA Typo LlndllNa 

RCRA Landlill 

DOE asposar F adlllea 

Gea~Reposltcxtes 

Gnu lfiecloo 

Vlllatlon Aided Giru lnj&dl<r1 

C>,mmlc~1dl<r1 

\W 

{{~~-: 

Eft.aiv,,_, 

Hist, -Effaclve l:>r removal ol lOld waste 
al list, captdles 

High - Eftedlve lor lin reo.,dlai 

Mod&1alt . Eneclve lo, loolallg 
ca,t.arnin-,11 •om acc:ooable environment 

High - Eleclve tor IMialai 
born hum111 conlact 

Umll&d - S..:eplllle kl degredalon 

Moderate - Effeclve In prevenlng 
mlg1allC11 of oonlamlnanll 

High - Elfedlve lor cl15pOOai ol noo
radloadlvo ••le lorm1 

Moderate - Oppo,ilai •om hoot llalt 
govenrnonts and local rllidenla 

HJii, -Enoct;e lor containment a,d 
laolallon of 1adloadlv1 w11lel 

Umlled - Flow dlOldlai dllwll kl ainlrol 
long-llllnn per1onnanoa 1a101rtlin 

Moderate - Elledlve coo•ol 
of grout placement 

Uded · Shwld be alledlve In 
llloll llllnn tor poroua m1llllrlol1 

lmp/,m,nt,bi/ity 

Moderate - E'1)l!Jllenl mocllcallon mey be 
nec.ury; wlll dwll~ ledlnology 
Moderate - Hydraulc dernollon loolll 

canmerdaly available 

Euy - Commorly used wau 
managernenl pradlct 

Moderate - lllltd on doolgn ID 
mest regulaklry requrernenla 
Moderale - lllltd on doolgn ID 
mesl regulaklry 1oqu1ern11111 

Modorala - Wei developed tacmology 

E.a"f - May""" eldollg ldlll• 

Dilcul - Oi,oo,illon kl lmportng 
••• l:>r dll!)O'II · 

Nol mpemen~e; repoollofy 
wll nol be wai~e 

Euy - Wal d1Wolq:,ed ledVlOlogy 1:>r 
mllilg aaf and grail 

Moderata - More clllc,.jl In 
rod<y IOI 

Eaay -Convn•~~• 
a,d wel 

Co,t 

Low - Low Clllial, 
lowOUI 

Low - Low Clllial, 
lowOUI 

Low -S1111dard anlrudlCII, 
mlrimll mllnlonSlOI 

HIS,, • C.X-Vdve dllign 
ulelyteallr• 

Low • Low Clllial, 
moderata O lM 

Moder111 • Sptdalnd cit•~ 
nol roqurtd 

Low · Low Cljilal 
and maintenance 

High - High malnt111a,01, 
mailomg, and dll!>osal 

Vf/lY HJ~ • Bated ai 'MPP 
and Y-uect Mounlain Experl11101 

Modena • Moderate 
~andO&M 

Hloh • Mort upen,ive due I:> 
illllllllon re<Jlirern11111 

Low - low cadlal, 
lowO&II 

~ 
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Remedial 
Technology 

A&mOYII 

Thermal 
TAIUTlenl 

S1ab1Wulm/ 
Sdl<Hcalon 

f'hy51cal 
Treatnert 

Chemcal 
Tmtnenl 

On-918 
Dl11p011I 

Oll-918 
Dlsp011I 
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Proc.s. 
OptioM 

Excavauon 

Oemoiltlon 

Thermal Desorption 

Incineration 

_"4a_lalt.AelU~ . 

lllhlnen- Bas&d 

Cement-Based 

Pa)fflar-Bas&d 

Vltlincatlon 

Metal Deoorumnatlon 

Chemcal OxldaUon 

Add a esUoo 

Hydrdysl1 

T111ncties/Pils 

Vauhs 

Tlffluua 

AC!lA Type undftUs 

ACRA L.andftUs 

DOE Disposal F1dllh1 

High - Effeclve lor removal ol oold wall• 
llliw, capadlff 

HIW, · Eledlvo lor Ila lldudlan 

High • Effeclve lor organic coollmlfllfll 
removll end clestrucbi 

HIW, • Eltoct,e for d•lludlon 
or organic conlamnallon 

Hgh · Effeclve l:>f dttlruclon ol 
orQlric conwnlnllon 

Uncerlul · Eltodlve In removing TAU 
horn melal1. T eSIS needed lor oiler 11ciOl'lldldN 

Modtralo · Eledlvanou nol 
demonohled kl acalt 

Modoralo - TreolablUty t•II requrtd kl dtlormno 
compalabllty will conlamnenll 

Moderate - T111alablll1Y 18'11 req.,lllld to 
Mleclmlx• 

Modtralo - Effedlvo lor treolng norganlc wao• , 
IX)lyrnelullon may bt rewatd ~ orQlrics 

Moderall · Effec::tive In d•lludloo ol orQlric 
and ritr11e contamnllflll 

linlted -Ad,Honal treomanl rtqJlrtd 

linlled - Effeclve lor largo vol<n1 • · 
dependant '¥' dogr• ol IOfllng 

Moderate - D11>tiul al <Xlf\lamnanll 
b llo erMra\manl may .all 00CUI 

Hlw, -E,..,._ based on lwll ol coolamlnallon 
and ?IYIICIII Ca\CHon ol w•te 

l..mllld · !All kl need lor oidrecla\ ol c,genlca 

United -Effeclve lor cxrnbulllblo 
walles aily; •ow proc:ew,g rates 

linlted · Effectw lor Nldlvl 
melal1o,t>j 

Moderale - Eltodlve for lsolallng 
Ca\lamlnanll lrom aa:es.lble erMroomenl 

High - Effective for liaalloo 
homh<nlanconlact 

Umltd -~ocepll>le lo degredala\ 

Modtrale - Eledlv• In J)fevenllng 
migration ol conwnlnanll 

High • Effecllve lor cir;p<l6al ol na\
radioacllve w•II lorm1 

Modtrale • (wodoo •om ho<I slate 
gov1111nenll and local reoldanll 

H1!11 · Eltodlve lo! COfllanmenl _,d 
leoialon ol radloaclvt ••II• 

lmplemenr.bility 

Moderlle -ECJJilment modlcalon ml'( be 
nlCNlafY. Wot dowloped lecmdogy 
Modorall · Hydrwlc domollon loola 

ccmmercialy 1vallal>lo 

Moderate - Wei dowloped lacmaogy 

Modtrlle · Wei dowloped lacmology 

Mod11ate - Commtrallly avalll>lt 

0111<1111 - Req!Jr• segregated 
wallellream 

DlllaJll · !;:,,ii:Jjwll~ 

Modtrlle -Wei dowloped leclTiology 
Adaplalon lo Hanford condlllona r-.et8'1ry 

EIII' • Commo,t>, iaed lectunogy 

Modtrale • Commerdall't avalalllt, bol 
not g.,.,a1y UHd lor SIS 

Dlllail • ilnova..,t ltfilnology 

Eaoy - Sile rtduclon aclllwal>lo 
bot oogregalon requrtd 

Dnajt · AIARA conoldO!alont 
must bt edd""'8d 

Moderate - Silo rtduclon or apeclal 
handing reqtJrtd 

Olllwl -Segregation olw•te 
siren req.,lrtd 

DllciJI · Oep-,danl oo need 
l:>f attadlon ol wllle materiel 

DlllaJI - Not cxrnmeraally avalll>le; 
dangorrus qierallng condllla\1 

Dllwl • fle<JJlres readlve m1""1ll1 
Of iltokJl:le Or91RC1 

Eaoy • Comma,ly uotd walla 
managernenl pracb 

Moderate - Baotd on delign lo 
meet rogualory requreman• 
Moderalt · Baotd on delign lo 
meet rogualory requremanll 

Modorall · Wei daYeloped lacmdogy 

Euy . May ... ming ladlll• 

DnaJt . Oiil>oalon to lmporllg 
waole lor dlopooal 

Not lmplemanlatlo; ,opoollllfy 
wlnolbtavalll>lo 

Coit 

Low • Low Cldlal, 
lowO&II 

Low · Low Cldlal, 
low O &II 

Moderall • Lower 
temperaw rerl,lirtd 

Hlah • High muilenanot 
OIi" 1111 nunent needed 
High • High mu,lln.,ot 
OIi" gaa nunan1 needed 
Hlah • High mu,1.,enot 
OIi" gas •-an1 needed 

Very Hlw, • Hl(II 
onergy requremonl 

Low - ln•pllflliv• 
binding aganl 

Low - Low C11Jlal , 
low O &II 

Hl(II-Hlit,capltal, 
lifll mlilllnlnot 

Vory Hlah · Compla 1Y'1t1n 
111qU"1g filgh Clplttj end O l M. 

Low - Low 
capital, reedly .,allalllt 

Very High • !All lo ptflOflal prolldlm 
eqlJjin.,I and~ req.,lrtd 

Moderate - Labor lntenolve, 
low malnlenanco 

High • PN~eelmont m I'( 
belllQIJrtd 

Very Hlw, • Based on e-,llve 
reogenll llld .,ergy cx,n.,.npllon 

Very Hlfl, - Extenoive pr0ot11 
contJd requred 

Hlfll • 0anger0UI operalng 
condlla\1 

Low · Slandard CXlf\OWdloo, 
mlrimll mu,ton.,oo 

Hlfl, · Conservallvt dool1J1 
eolllyluklres 

Low • Low CIIJlal, 
moderalt O l M 

Modorlle -Spedallztd de•IJll 
not requred 

Low - Low capital 
and maintenance 

High - High muilenance, 
mmllo~. end llll)OUI 

Very Hlw, • llased Ofl WIPP 
and Yucca Mrxlltaln E,rped.,ot 
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l'T1 -· Groundw1t1r General Remedial Proca• Elfect/v-H lmple111111tlbility Coil ~ &.,,o,,.. Action, Technology Option, :; 
t-

"'Cl ~ 

~ -No NC118 Not Appllc.ble linllld · May not ac:hl..,. RAO'a ~ not be acceptable Nooe a Adlon I> piillc end r•laloll 
ft) 
{lj 'C 
{lj -ft) 

Water Rll1lt1 Re,trlctlooa Umlted . Ellt<:tw In s,ort term, Low - low ~Ill, oa 
ln.Utullonal Aa:flaa 1110trlaln In long ltrm Eaoy • Vllllal mooll>mg required lowOl 'C ft) 

Adlooa Aubtctlons 
Deed Re1trlctlooa Umlted · Ello<:tw In s,ort i.m, Eaoy • VIRJal mooll>mg required Low-1.ow~tal, :-. = 

1110tr1aln In long 1trm lowO& 0 -= ~ 
{lj s: t, ~= 

Mooltodng Gr011clwalor l.lontorlng High· U•klllor Eaoy • Avlllalie and already In 1a1 Moderalll · Mod81ale 0~ 0 mooll>mg changing toodllooa alHanlold •It otplal, modorlle O l M .., ~ 

t, t'T1 
+'- c:")p:1 

~ ~ 'Tl g ~ I Cotunilia River Hit · Effoelve replacement tor E..y · Dheel dveral011 or wale, Modoralt · Vari• will 
Vl AAAlmate glll<II alal; no t011tamlnant reduc:1011 w•rvaune 
~ WaterSq,ply Developmn or Nearby So.Jrcea Hll: · Effectve replacement lor Moderale • COl111Juc:llon at ~ • Vad• with vol11no, = :-. tJj \0 

glll<II alal; no t011tamlnant reduc:1011 plpelnet n......vy t011alrutl011 at Jipolln• i~ N 
I ., = >-' 

-ft) >-' 
G'°:' lrjedlon . Not Ellt<:tw • Natural barrier beneat, Dlflla.jt • Umlled t011irol of Moderalll • Mod81alll ft) {lj 

eqlil81 already eidril5 low padl tor grout ~endO&M .., !!' 
__ CryogericWalls Not Ello<:tw • Natural barrier beneall Dllftoul · Contaminant moollzalon V..y Hitt; ~r Mtapll.aJ, -eqliler already eidril5 may oeour "'Cl ~ so 

~ 
~ 

SlunyWaJ11 Mod81alll · Effot1Yenes5 depend• oo utilorm Dlloul · Conolrudl011 dlllouhlec; •uny ~~tll)ltaldueto (i '11dalM1 I> reduce gr0111dwaler low 1011 during ucavallon mull be p,ewnted req.Jlred 
Containment Ver1cal Not Elledl .. · DI•= forming Moderate • Dependenl 011 IOI ~ ~ capital due lo 

~ 0 
Adlooa Ban1era Gro.ACurtalnl tOllilnuoua c:haroelarldc:a end depll r~ked 0 {lj -Cryogeric Walla Unottlaln Effotlven• • =" Dllloul · Contaminant mctillzalon V..y Hitt· b'f Mtapltal, 

..., 
t011llnuoua coolanl aroula may oeour ~ ~ - ij 

Extraclloo Well High . Enoe1 .. tor E"')' • Coarae lOII, relallwly Moderate · Wei t01151rutllon 

~=c 
lldracllon and lnjedlon low depll 1> gr0111dwallf andlnllallabi e. 

Extractoo Dralns/T ranchet .:%,:Effect.. Moderalll • large uc,vator. req.Jlflld High• large •c,vlll0111 reqlired = t>< t01111minabi lo lnlorcepl t011llmlnanl puna 
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AtmCNal 

01Sp05al 

In Situ 
r,eatmm1 

Rem.d/1/ 
Technology 

Groundwate, 
Extractioo 

Wa!lewater 
Disp°"'" 

BllloglCal 
freatment 

Physica 
Treatment 

Proce,1 
Option• 

Extract!OO Well> 

Extractioo Ornns/frendleo 

Aq,rler l,h,~g 

l 1XN""1t ExtractlOO 

Deepwat tn1ectioo 

~~_.,a~~--~~~d +·an·k;· tif 
Evapaalm Poods .. [J{ ; 

Enhanced Groondwal0€ BK1e11edialoo 

BKXlenr1rdlCBtlCtl 

Pemeable T reatmenl Beds . ~ftt 
VfJ(Jct Extr octioo 

Electro-Knetic: ~aration -~{tt 

fffect/veneH 

H(11 · Ellec1ivef0f 
ex1r action and lrjedion 

Htlh · Elledive 
fOf shafow ccnlamination 

H(11 • Effective in rtmCNal of contamina ted 
t,OU1dwater Mid scuce 

Limited - lxlCEJtai, effectiveness of lixiviant 
1ern<1<1al and recovery 

Hgh - lsdatia, allows 
ilecay and diutian 

Not Etfredlve - Inadequate loog -term dispoul 

NcA Enecli\le - lrl llJ'T\ wllt l!Napaate 
Into atn0&phere 

Mooot ale 01tfiCUt to mamtar-1 
ptocess piwarnete11 

l--i'11 • Based oo test 1esuns 

H(11 · Effedive tor remoW19 voes 

united - Prec4) . can cause loss of p«meabilit,, 
Variety of contamf\ant specific media needed 

Modefate • Influenced by thid<ness of the 
cootMninant zooe 

l.inned . H(11 hydr autic 
cooduclvity eqLil'" . 

EffeciNene:&1 - lxlcertain, innovative approadl; 
ditllo.,tty will adequate mixing 

lmplemenllblllty 

Easy • Coarse &Oil, relativaly 
low dept, k> i,ou,dwalo< 

Mod .. ate • Large excavations requred 
to 11t .. cept conteminant pi"11e 

Difficult · L'"g• vokJmes of 
material require excavatiCll 

DiftiOJlt • Due to pot"1tial fo, 
ccritllfnnMt mobilization 

Diffio.,lt inpisnmtatity · 
Due k> reguatory canstai1ts 

Moderate • Tochnaogy available 

Easy • Convenl oo al 
tecmaogy 

O. fficult • Pottinhl to mobilize cootBmnllllts 

Moderate - Both in 5a lJ Md ex litu te!t1s 
h11Ve proven 9UCCes&hJ 

Mod or ale . V"1ting of voes to arnosph'"• 
may not be a viable {lltioo 

Difficult • Treetment media rru91 adso,b 
large quonjty/variety of cont.amf\111ts 

Euy • Proven successtu 
in past tests 

lAlcs:~ d=~icatioo 

Dillo.,lt • Due to regulatay t....,a, 

Mod .. ate • Well constucjan 
and in&tallatioo 

Hgh · l.Arge excavatioos reqLired 

Vay Hi,> • Reqores excavatioo, 
tennent, llfld di5"ooal 

H(11 • Requres biviants 111d 
exuctionArjedion well 

H(11 · Orilflg, mooitaing, 
111d disposal permitling 

Vay H(11 · Installation and 
mooik>rlng cools 

I.Dw • C"!>ltallow, 
O&Mlow 

H(11 · Capit al and O & M 
a,ots t,(11 

Moderate • Commetdally 
available and relativety Inexpensive 

Moderate • Relative lo oltlef 
physical teatment 

H(11 · Secooday waste 
gene, atian/eircavrdiona 

I.Dw · Low capital, low O & M 

t-iQh - Ene,gy u~; extractoo/ 
lrea~ 1eq..i1remenbl. 

H(11 • Needs fo, reagents and 
lrjec1onsyilem 
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Groundw•IM Genw.t R«nedi.t Proaiu Effecliw,,... /flf)l,menlabi/ity Co.t 
1-poflN ActioM Technology Option. "Tl -· ~ 

::2 
E.xlr1cl00Wi111 Hli,, · Elledvl lor Eaoy . COIIII Mil, relalvotf Mod11ai. • well coostudal t-u!Jaclon lf\~llon low dtpl\ b grrundw11tr andlnlL,jlalon 

Exlrlcloo Dralnl/Trwd1u ~-E Mod1111t • l11go tlCIVdont rt<JJlrtd High • llrgo uu.donl 19q._jrtd 1 
~ 

G!llln!w1t.r lor ow oonwninalon b inlllCOlll CX>lllamlnanl plllM 
RilllCNII Ex1r1dloo High · Eledlilt In r111100,1i ol conlamlnaled DIIOJI • ~• vobnn ol m11trlll Vary:~~~;..llm, -Tre1lment 

.. . A~r llnlnQ . groundwaltr 111d 10Urct r roacavala, a Lmlltd • IJncll1lln elledlvoneu ol lblvlant Dillcul · Duo lo polenlel lor HI~ • Requkn blvtlflls and n, 
Lhclvtanl Ex1radloo r1111ovli and rtooVtry r,, '0 

Disposal 
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Table 4-1. Hanford 100 Area Media of Interest, Exposure Pathways, and Receptors 

MEDIUM EXPOSURE PATHWAY RECEPTORS 

Soils Direct contact Humans 
External exposure Terrestrial flora and 
Ingestion fauna 
Consumption of plants grown on the land Aquatic flora and 
Water and wind erosion of contaminated fauna 
soil particles Aerial fauna 
Bioaccumulation in the food chain 

Groundwater Consumptive use Humans 
Irrigation and bioaccumulation in the food Terrestrial ffora and 
chain fauna 
Baseflow contributions to the Columbia Aquatic flora and 
River fauna 

Aerial fauna 

Riverbank Direct contact Humans 
Sediments Ingestion Aquatic flora and 

Bioaccumulation in the food chain fauna 
Water and wind erosion of contaminated Aerial fauna 
particles Terrestrial flora and 

fauna 

Solid Wastes Direct contact Humans 
Ingestion Terrestrial flora and 
Consumption of plants grown on the land fauna 
Water and wind erosion of contaminated Aerial fauna 
soil particles 
Bioaccumulation in the food chain 
Aerial dispersion 

4T-1 
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MlmruM• REMEDIAL ACTION OBJECTIVF.S GENERAL RESPONSE ACTIONS 

Soils for Human Heahh: No Action 
Prevent ingealion/direcl contact with soil having an exce11 cancer risk of 10..,. IO ' • 

104
, or radionuclide concentrations re111l1ing in annual whole body radiation doae lnllilulionsl Conlrola 

in excess of 2S mrcm/year, or annual critical organ radiation dose in exce11 of 7S 
mrem/year (see Table I A, Appendix B). Containment 

Prevent inhalation of all contaminants of concern posing an excess cancer risk of In Situ Treatment 
10..,. lo 10·06

, or rad ionudides in concentrations n:sulting in doses greater than 
10 mrem/ycar (sec Tab le IA , Appendix B) . Removal/Disposal 

.... 
For Env ironm~nt al Prnk clion : Remova l/Disposal/frealmenl 
Pn:venl erosion o f soi l that would conllibute lo surface water concentrations 
grcaler lhan lhe standard s for lhe contaminanls of concern in surface water li sted 
in Table I B, Appendix B. 

Prevent rdease of conlaminanls of concern to groundwater that would result in 
concenlralions in excess of the concentrations listed in Tables 2A and 2B, 
Appendix B, or above background concenlrations listed in Tables AB- I through 
AB-10, .Appendix A. 

Gn)U nJ watcr For Human Heallh: No :Action 
Prevenl ingestion of waler with carcinogen concenlrations in excess of MCLa 
(fable 2B, Appendix B) and a total excess cancer risk for all contaminants of lnstilulional Controls 
concern gfl!aler than 10 04 to 10-00 . 

Containment 
Prevent ingestion of waler with contaminant concentrations in excess of MC La 
(see Tables I B, IC, 2A, and 2B, Appendix B), or background concentrations, as In Situ T reatment 
presented in Tables AB-I through AB-10, Appendix A. 

Removal/Disposal 
Prevent ingestion of water with total radionuclide concentrations that would result 
in a radioactive exposun: dose in exceaa of 4 mrem/year. Removal/Disposal/freatment 

For Environmental Protection : 
Prevent bascllow contributions to the Columbia River of all contaminants al 
concentrations that would exceed chronic aquatic concentratiollll presented in Table 
2B, Appendix B. 

Restore groundwater quality 10 background concentrations for all contaminants 
presented in Tables AB- I through AB-10, Appendix A. 



MEDIUM* REMEDIAL ACTION OBJECTIVES GENERAL RESPONSE ACTIONS 

Riverbank Sediments For Human Health : No Action 
Prevent ingestion/direct contact with soil having an execs• cancer risk of 10-04 to 
10-00, or radionuclide concentrations resulting in annual whole body radiation dose Institutional Controls 
in excess of 25 mrem/year, or annual critical organ radiation dose in cxcc11 of 75 
mrem/year (sec Table IA, Appendix 8). Containment 

Pr.,vent inhalation of all contaminants of concern posing an excess cancer risk of In Situ Treatment 
10·04 to 10--00, or radionudides in concentrations resulting in doses greater than 
10 mrem/year (see Table 1 A, Appendix 8) . Removal/Disposal 

Fo r E nv ironml.!nl al Prokclio n : Removal/Disposatrrreatmenl 
Pr<!vent eros ion of so il that would contribute to surface water concentrations 
grcat<! r than the standards fur the contaminants of concern in surface water listed 
in Tabk 18, App<!ndi x 8 . 

Prevent release of contaminant s of concern to groundwater that would result in 
conce ntrations in excess of Ilic concentrations listed in Tables 2A and 28, 
Appendix 8, or ubove bacl,ground concentrations listed in Tabks AB-I through 
AB- 10, Appendi x A. 

Solid Waste For Human Heahh : No Action 
Prevent ingestion/d irect contact with solid waste having an excess cancer risk of 
10<>< to 10·06

, or radionuclide concentrations resulting in annual whole body Institutional Controls 
radiation dose in excess of 25 mrem/year, or annual critical organ radiation dose 
in excess of 75 mrem/year (sec Table 1 A, Appendix 8) . Containment 

Prevent inhalation of all contaminants of concern posing an excess cancer risk of In Situ Treatment 
1 o-<>< to 10--00, or radionuclides in concentrations resulting in doses greater than 
10 mrem/year (sec Table IA, Appendi)( 8) . Removal/Disposal 

For Environmental Protection: Removal/Disposatrrreatment 
Prevent erosion of aolid waste that would contribute to surface water 
concentrations greater than the standards for the contaminants of concern in 
surface water listed in Table 18, Appendix 8. 

Prevent release of contaminants of concern to groundwater that would result in 
concentrations in excess of the concentrations listed in Tables 2A and 28, 
Appendix B, or above background concentrations listed in Tables AB-I through 
AB-10, Appendix A. 

•Note : The 100-N Area is not 1pccificd as a medium of interest since it is similar in nature to the olher aitca in the 100 Area 1uch that the other media liated alao apply to.the 100-N Arca. 



-

DOE\RL-92-11 
Draft B 

Table 4-3. Hanford 100 Area Volumes or Areas of Affected Media 

MEDIUM VOLUME", Loose Cubic Feet 

Low Activity<ll Soil 420,116,000 
(grain size < 12 inches) 

High Activity<2l Soil 13 ,495 ,000 
(grain size < 12 inches) 

Low Activity<ll Soil 22,112,000 
(grain size > 12 inches) 

High Activity<2l Soil 710,000 
(grain size > 12 inches) 

Groundwater, all low activity0 > 4.8 x 109 gallons 

Riverbank Sediments, all low activity(I> 33 ,790,000 

Low Activity<'> Solid Waste 109,614,000 
(except pipe >24 inches , diameter) 

High Activity<2l Solid Waste 7,581 ,000 
(except pipe} 

Low Activity<0 Pipe 31 ,935,000 
(diameter >24 inches) 

High Activity<2l Pipe 394,000 

(1) <200 mR/hr surface, < 100 pCi/gram TRU 
(2) > 200 mR/hr surface and/or > 100 pCi/gram TRU 

• All volumes are taken from WHC (1991e) except for Groundwater and 
Riverbank Sediments which are derived in Appendix D. 
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5.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES 

5.1 INTRODUCTION 

Following identification and screening of technologies and process options, 
remedial alternatives are assembled, developed, and screened, following the guidance 
provided by CERCIA (EPA 1988a). 

This section of the FS is divided into the following topics: 

• Development of alternatives (Section 5.2) 
• Screening of alternatives (Section 5.3) 
• Introduction to alternative screening (Section 5.3.1) 
• Solid waste alternatives (Section 5.3.2) 
• Groundwater alternatives (Section 5.3.3) 
• Soil and riverbank sediment alternatives (Section 5.3.4) 
• Summary of the alternatives evaluation (Section 5.3.5). 

Section 5.3.5 provides a comparative analysis of the alternatives including the 
rationale for retention or elimination of specific alternatives. 

5.2 DEVELOPMENT OF ALTERNATIVES 

Remedial alternatives are developed by combining representative screened 
technologies and process options to provide integrated solutions for remediation of 
contaminated waste sites. In Section 4.0 of this report, the universe of potentially 
applicable technologies was screened twice: initially for technical implementability (refer 
to Figures 4-1, 4-2, and 4-3) and then for effectiveness, institutional implementability, 
and cost (refer to Figures 4-4, 4-5, and 4-6). Based on the results of these two screening 
steps, alternatives have been developed which span the range of GRAs and which 
combine technologies from different GRAs, if necessary to provide an integrated 
solution. For example, capping (a containment general response action) is combined 
with removal and disposal general response actions, so as to provide a complete solution 
for placing removed waste in a configuration which is most protective of human health 
and the environment. 

The alternatives development process for this FS is shown graphically in Figure 
5-1 for the solid waste media, in Figure 5-2 for groundwater, and in Figure 5-3 for soils/ 
riverbank sediments. A total of 27 alternatives have been assembled; however, only 18 
of these are unique as some of the alternatives apply to both solid waste and soil media. 
Technologies and process options have been combined in such a way that representative 
groups of technologies can be compared. For example, some alternatives are established 
which differ only by the type of disposal, e.g. on-site vs. off-site. This is done so that the 
impacts of the disposal method can be evaluated stand-alone without involving parallel 
consideration of factors not relating to disposal. 

5-1 
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Each of these alternatives is described in sufficient detail such that they can be 
evaluated in the alternatives screening step. Descriptions are based upon the general 
process information given for each technology /process option in Appendix C. In 
addition, each alternative is described in view of known site conditions, contaminant 
ranges, volumes of contaminated media, remediation times, etc. These descriptions are 
given in Sections 5.3.2 through 5.3.4 for each media. 

CERCIA guidance (EPA 1988a) suggests a maximum of ten alternatives (from no 
action to removal, treatment, and disposal) be developed for detailed analysis. However, 
because this is an area-wide FS, encompassing many types of contaminants, media, and 
waste forms, more alternatives were developed overall to provide greater flexibility in 
subsequent detailed analysis phases to be performed as part of the focused feasibility 
studies for IRM or OU final remedy decisions. 

Other considerations and assumptions used to develop alternatives are listed as 
follows: 

• No attempt was made to formulate alternatives for groundwater in 
combination with other media. Such combinations will be considered in 
future focused feasibility study phases following completion of risk 
assessments indicating that combinations are required to eliminate source 
to receptor pathways. 

• 

• 

Soils and riverbank sediments are sufficiently similar to be considered a 
single media. 

100-N Area media (groundwater, soils, riverbank sediments, and solid 
waste) are sufficiently similar to those of the other operable units and, 
therefore, are not considered separately for alternatives development 
purposes. 

Alternative combinations which consider multiple media might be developed 
which combine source removal ( e.g., contaminated soil) and containment of groundwater. 
The risk assessment provides specific information on the source to receptor pathway. It 
is important that multiple media transport of contaminants be defined which in tum 
suggests how the source/receptor pathway can be manipulated to control or eliminate 
contaminant migration. 

5.3 EVALUATION AND SCREENING OF ALTERNATIVES 

In accordance with the CERCLA FS process (EPA 1988a), each alternative is 
evaluated against established criteria. The criteria are essentially the same as used for 
technology screening, i.e., implementability, effectiveness, and cost. However, in the 
alternatives evaluation stage, the criteria are now viewed in more detail, considering 
more site-specific conditions, and as applied to the integrated remedial solution rather 
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than to just a portion of the solution. The CERCLA evaluation criteria are listed as 
follows: 

Effectiveness: 

• Short-term protection of human health 
Assesses protection of the community during remedial action, 
including risks from dusts, transportation, air-quality impacts, etc. 
Also, assesses protection of workers during remedial action and the 
threats which may be posed to workers. 

• Short-term protection of the environment 
Addresses potential adverse environmental impacts resulting from 
construction and implementation and evaluates the reliability of the 
available mitigation measures in preventing or reducing the 
potential impacts 

• Long-term protection of human health 

• 

• 

Assesses the residual human risk remaining from untreated waste or 
treatment residuals at the conclusion of remedial activities; assesses 
the adequacy and reliability of controls if any that are used to 
manage treatment residuals or untreated wastes. 

Long-term protection of the environment 
Same as long-term human health protection, but with applicability to 
impacts on the environment 

Reduction of mobility, toxicity, or volume reduction. 
Assesses the extent to which the alternative achieves destruction or 
reduction of the total mass of toxic contaminants, irreversible 
reduction in contaminant mobility, or reduction of total volume of 
contaminated media. 

Implementability - technical feasibility: 

• Constructability 
Relates to the technical difficulties and unknowns associated with a 
technology 

• Operational reliability 
Focuses on the likelihood that technical problems associated with 
implementation will lead to schedule delays 

• Maintenance 
Assesses the degree and difficulty of maintenance of the remedial 
system during the implementation period; also considers the time
frame for which maintenance is required. 
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Implementability - administrative feasibility: 

• Agency approvals 
Assesses the likelihood of gaining public and regulatory acceptance 
of the proposed remedial action including all necessary permits 

• Availability of services 
Assesses the availability of adequate off-site treatment, storage 
capacity, and disposal services; assesses the potential for obtaining 
competitive bids, which may be particularly important for innovative 
technologies; assesses availability of prospective technologies 

• Specialized equipment and personnel 

Cost - relative cost: 

Assesses the availability of necessary equipment and specialists and 
provisions to ensure any necessary additional resources for 
accomplishing the remedial activities. 

• Assesses the relative magnitude of both capital and operating cost over the 
period of the remediation. 

Detailed descriptions of each of these criteria are given in CERCLA guidance 
(EPA 1988a, Section 6.0). 

5.3.1 Alternative Screening Process 

The alternative evaluation step culminated in a formal scoring process to provide 
a numerical qualification of how each alternative meets the evaluation criteria. The 
scoring process recognizes that how alternatives rate against a specific criterion is not a 
pass/fail situation, rather it is a matter of degree. This degree, which considers the 
balance of pros and cons for each factor, is represented by a simple 1 to 5 scale, whereby 
"1" (poor) suggests that the criterion is not met at all while "5" ( excellent) suggests that 
the criterion is met very well. 

The scoring was performed indepe_ndently by multiple individuals who made up 
the FS project team. Multiple scoring was done so as to reduce the influence of 
personal bias in the final results. The individual scores were then averaged to form an 
initial composite alternative ranking score. Following this initial scoring step, discussions 
among project team members were held to resolve discrepancies between individuals. 
For example, should one team member have scored an alternative as a "5" and another 
team member scored the same alternative as a "1", a discussion ensued to resolve the 
difference of opinion. Following these discussions, each individual was given the 
opportunity to change his/her score(s), although changing of a score was not mandatory. 
The scores were then composited and averaged to arrive at final rankings which could 
then be compared. 
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To aid in defending the alternative evaluation scoring, each team member was 
asked to document the rationale for his/her scoring, providing both the pros and cons of 
each alternative and any additional comments as relating to the criteria. These 
comments were then composited and formed the basis for the evaluation of each 
alternative, the results of which are summarized for each alternative in the sections 
below immediately following the description for that alternative. 

Section 5.3.5 provides an overall summary of the alternatives evaluation and 
screening process. 

5.3.2 Solid Waste Alternatives 

5.3.2.1 Alternative SW-1: No Action for Solid Waste. 

5.3.2.1.1 Description. As explained in Section 4.0, the no action alternative is 
required by the NCP to serve as a baseline for evaluation of other alternatives. The no 
action alternative can also be applied to sites where contamination does not exceed the 
level of unacceptable risk and/or is in compliance with ARARs. This alternative 
represents a situation where no restrictions, controls, or active remedial measures are 
applied to the site and thus the contamination is allowed to dissipate through natural 
attenuation processes. The acceptability of this alternative would depend on a risk 
assessment. 

5.3.2.1.2 Evaluation. This alternative involves no monitoring and no controls. In 
effect, the Hanford 100 Area would be administratively transferred for general or 
industrial use. This alternative must be evaluated from the risk assessment standpoint 
prior to incorporation. 

Short-term effects are scored considering potential exposures to the populace and 
worker exposure. Since there would be no worker exposure, and the solid waste sites 
represent only a moderate exposure problem in the undisturbed state, short-term effects 
are given an intermediate score. Risk assessment results would make scoring much more 
meaningful. In the absence of risk assessment, it must be assumed that the long-term 
effects are very poor and the constituents are released into the environment. This 
alternative provides no benefits to reducing waste mobility. 

The obvious factors related to construction and reliability are all given high 
scores, reflecting the availability and reliability of the equipment required for no action. 
Similarly, the alternative was given a high score for cost because there is essentially no 
cost associated with this alternative. 

This alternative was given low scores for agency approval because the RAOs 
would not likely be met. 

5.3.2.2 Alternative SW-2: Institutional Actions for Solid Waste 
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5.3.2.2.1 Description. This alternative involves access restriction to areas within 
the Hanford 100 Area which contain contaminated solid waste. Volume, toxicity, and 
mobility of contaminants associated with solid wastes are not reduced by institutional 
actions. However, access restriction to solid waste sites such as burial grounds or 
retention basis does reduce the potential for human exposure. Two types of institutional 
actions are considered for this alternative as follows: 

• Access restriction to solid waste sites may be accomplished by erecting 
fences around the Hanford 100 Area. Multiple fences could be placed 
around individual sites for additional security. Fences ensure that 
sufficient distance exists between waste sites and potential receptors to 
ensure that RAOs are satisfied. The height of the fences must be high 
enough to prevent larger animals such as deer from entering contaminated 
zones. Fences should be constructed of materials which are least 
susceptible to corrosion and degradation due to weathering. As an 
additional measure of protection, fences should include symbolic 
placarding which indicates potential hazards associated with the location. 
Periodic inspection and repair would be required to maintain the integrity 
of fences. 

• Deed restrictions would be used to institute restrictions to land use in and 
around solid waste sites. Restrictions specify acceptable land use practices 
and may take the form of covenants which limit activities involving human 
contact with solid waste sites. Deed restrictions may include prohibition of 
groundwater use, excavation, and land-use limitations restricting farming 
and grazing. 

In addition to the institutional restrictions, this alternative also includes 
continuation of monitoring and surveillance programs to track the migration of 
contamination. 

5.3.2.2.2 Evaluation. This alternative involves the use of institutional controls 
over solid waste in perpetuity. The associated monitoring systems are assumed to be 
necessary for the same time period. Again, assumptions were made concerning the 
actual health effects of this alternative in the absence of a risk assessment which would 
assign the effects. 

The short-term effects are assumed to be acceptable, based on monitoring, and no 
worker exposure is associated with retrieval. Therefore, an intermediate score is 
assigned. Long-term effects are again assumed to be undesirable and are scored low. 

Constructability, reliability, availability of services, and special equipment all get 
high scores because fencing, monitoring and legal instruments are all readily available. 

A medium score was assigned for maintenance because of the need for perpetual 
care. The low cost of the institutional actions results in a high score for cost on this 
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alternative. A low score was given for agency approval because it is unlikely that RAOs 
can be met with institutional actions. 

5.3.2.3 Alternative SW-3: Containment Actions for Solid Waste 

5.3.2.3.1 Description. A single alternative has been developed for containment of 
solid waste. 

• Run-On/Run-Off Control: 
- Grading 
- Diversion/Collection 
- Revegetation 

• Capping: 
- Hanford Barriers (radioactive buried waste sites) 
- RCRA Multi-media Caps (hazardous-only buried waste sites) 

• Monitoring: 100 Area groundwater. 

Size and Configuration. This containment action is intended to take advantage of 
low-cost surface modifications to protect the integrity of solid wastes buried below 
ground surface. The Hanford Barrier would be installed over buried wastes to prevent 
erosion, breaching by burrowing animals, and contact with precipitation. Other areas of 
the site would be contoured (by grading) to aid in channeling precipitation away from 
the wastes, thus ensuring adequate protection from erosion. Diversion and collection 
would also be used to prevent runoff from ponding over the solid wastes thereby 
reducing the potential for mobilization of contaminants by leaching. Native species 
vegetation would be planted over capped areas and adjacent areas of disturbed soil for 
erosion control. 

Containment Objective. The objective of solid waste containment is to minimize 
mobilization of contaminants by erosion or leaching. 

Disposal Method and Distance. Containment implies in situ disposal which 
avoids the need for disposal facilities. Solid wastes and associated contamination are 
isolated in situ without waste treatment. 

5.3.2.3.2 Evaluation. The Hanford Barrier is considered to be well developed 
and effective, although it has not yet been employed in a full scale application. Because 
there are no long-term performance data available, uncertainty remains over the 
potential for failure from waste subsidence since this alternative makes no provisions to 
stabilize wastes. The potential for subsidence will necessitate perpetual care of a very 
large number of sites if the alternative is to remain effective. 

RCRA caps are effective and have been applied at many hazardous waste sites 
nationwide, although numerous cap failures have occurred. 
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Short-term effects were scored slightly lower than for Alternatives SW-1 and SW-2 
due to the need to work directly over the waste while installing the cap. The short-term 
environmental effects are worse due to disturbances associated with grading for run
on/run-off control. The long-term effects are given low to medium scores because the 
waste has not been modified or immobilized and the potential for contaminant 
mobilization effects remains. The alternative is superior to Alternative SW-1 or SW-2 
because the Hanford Barrier and/ or RCRA cap will inhibit leaching artd intrusion. 

Constructability was given high scores, reflecting the simplicity of the alternative. 
Similarly, services and equipment are readily available. This alternative was downgraded 
on maintenance due to the potential problem of subsidence and the associated need for 
perpetual care. 

Medium to high scores were given to cost, reflecting a low capital cost and 
potentially high costs of perpetual care. 

Low scores were assigned to agency approvals because the contaminants would 
not be immobilized and a multiplicity of sites exists. 

5.3.2.4 Alternatives SW-4, SW-5, and SW-6: Removal and Disposal Alternatives for 
Solid Waste. 

5.3.2.4.1 Descriptions. Three alternatives have been developed for the removal 
u~ and disposal general response action for solid waste . 
.:::t 
LJ"')_ 

~ Alternative SW-4: 
07 

• Removal: Excavation/ demolition (Includes sorting by activity level, size 
reduction to accommodate packaging, and packaging for transport to 
disposal site) · 

• On-Site Disposal: 

Vaults (high-activity radioactive and mixed waste) 
(high-activity waste = greater than 100 nCi TRU /gm or 200 
mrem/hr; see Section 4.4) 
Trenches/pits (hazardous-only, low-activity radioactive and mixed 
waste) 
(low-activity waste = less than 100 nCi TR U / gm or 200 mrem/hr; 
see Section 4.4) 

• Capping: 
Hanford Barriers (radioactive waste disposal sites) 
RCRA Multi-media Caps (hazardous-only waste disposal sites) 

Alternatives SW-5 and SW-6 are variations of Alternative SW-4 and differ only by 
the method of disposal. 
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• Removal: Excavation/ demolition (Includes same sorting, size reduction, 
and packaging as Alternative SW-4) 

• Off-Site Disposal: 
DOE facilities (all radioactive mixed) 
RCRA landfills (hazardous-only materials). 

Alternative SW-6: 

• Removal: Excavation/ demolition (Includes same sorting, size reduction, 
and packaging as Alternative SW-4) 

• On-Site Disposal: 
Vaults (high activity radioactive and mixed) 
RCRA-type Landfills (hazardous and low-activity radioactive wastes) 

• Capping: 
Hanford Barriers (radioactive waste disposal sites) 
RCRA Multi-media Caps (hazardous-only waste disposal sites) 

Size and Configuration. The 100 Area Past Practice Site Cleanup and Restoration 
Conceptual Study (WHC 199le, Appendix A.4.0) presented an estimate of approximately 
46 million loose (expanded after excavation) cubic feet (LCF) of buried waste in the 100 
Area past practice sites. The referenced report also provided estimates on the 
distribution of wastes as follows: 

• Forty percent of the buried waste consists of combustible materials such as 
wood, paper, rubber, and plastic. 

• The remaining buried waste consists of 60 percent buried metal and 40 
percent buried demolition wastes. 

• In addition to buried waste, the study estimated that approximately 46 
million LCF of discrete metal ( e.g., from existing equipment, pipelines, 
reactor components) 

• Approximately 57 million LCF of demolition wastes (from the demolition 
of existing structures consisting primarily of concrete rubble) in other than 
burial grounds. 

Table 1-7 and Section 1.0 of this FS report provide more detailed information on 
solid waste forms and contaminants. A total of approximately 150 million LCF (See 
Table 5-1 below) would require removal from the combined 100 Area past practice sites. 

5-9 



-

DOE\RL-92-11 
Draft B 

The excavation and demolition system consists of heavy equipment, such as front
end loaders, excavators, and bulldozers. Approximately 2,500 loose cubic feet per hour 
(refer to Table 5-3 of the Flow Rate and Composition section below for a derivation of 
this value) must be excavated/demolished beginning in the year 1999 to complete 
remediation by the year 2018, the TP A Milestone for completion of site remediation. 
Conceptual details of this system are given in the 100 Area Past Practice Site Cleanup and 
Restoration Conceptual Study (WHC 1991e). 

The disposal systems defined for Alternatives SW-4, SW-5, and SW-6 provide the 
opportunity to examine and compare the use of both on-site and off-site disposal 
strategies. Major unit operations and the objectives of their use for each alternative are 
discussed below: 

Alternatives SW-4, SW-5, and SW-6 Removal: 

The objectives of Alternatives SW-4, SW-5, and SW-6 are common, i.e., removal 
of solid waste by excavation and demolition followed by disposal. 

• Commercially available, large scale mining/ construction equipment would 
be used to excavate solid waste and demolish structures (for ease of 
handling, packaging and transporting). The solid waste and demolition 
debris would be sorted by activity level and packaged in bulk containers 
for transport to the disposal site. Sorting would be accomplished by 
specialized excavator attachments ( e.g. grapples). Sorting by activity level 
would be based on field screening instrument measurements of 
radioactivity using either hand-held instruments or instruments attached to 
excavator booms. 

Size of waste forms would be reduced only to the extent necessary to fit 
bulk containers. Size reduction would be accomplished by excavator 
attachments such as shears, hammers, and pulverizers. Large diameter 
pipe would not be containerized but would be cut (with mobile shears), 
wrapped in plastic sheeting, and transported on racks. Dust control 
measures including containment structures, if necessary, would be provided 
to assure worker and environmental protection during remediation. 

Alternative SW-4 Disposal: 

• On-site vaults located at the Hanford 200 Area are defined for disposal of 
high-activity radioactive and mixed wastes. Low-activity radioactive and 
mixed wastes would be placed in disposal trenches or pits at the 200 Area. 

• The Hanford Barrier would be used for final capping of the 200 Area 
radioactive (and mixed) waste disposal sites. The RCRA multi-media cap 
would be used to close the 200 Area si tes containing only hazardous 
wastes. 
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• Off-site disposal is specified for all wastes. High and low activity 
radioactive and mixed wastes would be sent to disposal sites at other DOE 
facilities. Hazardous waste would be shipped to RCRA landfills, in 
accordance with current practice. A facility located in Arlington, Oregon, 
is currently used for this purpose, since no active RCRA landfills are 
currently operating in the State of Washington. 

Alternative SW-6 Disposal: 

• On-site vaults located at the Hanford 200 Area are specified for disposal 
of high-activity radioactive and mixed wastes. All other wastes would be 
shipped to new on-site RCRA permitted landfills for disposal. 

• The Hanford Barrier and the RCRA multi-media cap would be used as 
necessary for capping the 200 Area disposal sites. 

Flow Rates and Composition. Solid waste consists of combustibles, metal, and 
demolition debris contaminated primarily with low to moderate levels of radionuclides. 
Table 5-2 lists total volumes of solid wastes that would require excavation/ demolition. 
Composition data are provided in Section 1.0. An excavation/ demolition rate of 
approximately 2,500 LCF per hour must be achieved in order to meet the TP A 
milestones, assuming a 20 year remediation period. This cumulative flow rate consists of 
the components listed in Table 5-3. 

Disposal Distances and Methods. The proposed disposal methods for these 
alternatives include both on-site and off-site disposal options. Vaults and trenches/pits 
are proposed for use at the Hanford 200 Area. The Hanford Barrier and RCRA multi
media cap are specified for use, where appropi:iate, to cap these disposal sites. One 
RCRA landfill in the State of Oregon is currently being used for disposal of Hanford 
Site hazardous wastes. The Nevada Test Site (NTS), which is approximately 1,000 
highway miles away from the Hanford Site, is one potential location for a mixed waste 
disposal facility. 

5.3.2.4.2 Evaluation. Alternatives SW-4, SW-5, and SW-6 all involve excavation 
of buried wastes, demolition of structures, and removal of the waste. No waste 
treatment is specified. In general, reduction in the number of disposal sites is 
advantageous. However, the waste remains untreated so these alternatives are less 
desirable than alternatives involving waste treatment. 

The short-term effects are given medium scores reflecting significant exposures to · 
operations personnel during excavation, demolition, and removal. The long-term effects 
are definite improvements over Alternative SW-3 due to the greatly improved disposition 
of buried wastes. Subsidence of the waste is not expected to be a problem for these 
alternatives. 
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Although the cap provides some improvement, the waste is not modified in form. 
Therefore the reduc1ion of mobility factor was scored in the low to medium range. 

The Alternative SW-4 system is relatively easy to construct using available 
equipment; availability of services and specialized equipment factors were generally 
scored high. Constructability was scored somewhat lower due to the large volumes to be 
moved and the problems of excavation in a radioactive environment. Reliability was 
downgraded for the same reasons. However, the alternative requires no long-term 
maintenance, so it scored in the medium to high range for this factor. 

Alternative SW-4 is better than Alternative SW-3 for agency approval and was 
given medium scores. However, all waste remains on-site and untreated (potentially not 
in compliance with the RCRA Land Disposal Restrictions) so public and agency 
acceptance could be limited. 

In Alternative SW-5, the excavation, demolition, and removal phases present 
similar hazards to workers as the previous alternative. However, transport of large waste 
volumes off-site would have a substantial impact on safety. Acceptance of an off-site 
disposal site by the public is an additional concern. 

This alternative is the least desirable for short-term effects and is scored 
substantially below Alternative SW-4. Waste is retrieved and shipped the greatest 
distance. The alternative also assumes that an identified disposal site would have 
favorable geology and that the long-term effects would be acceptable at that location. 
An intermediate score was assigned to reduction in mobility because the waste is merely 
removed with no change in the waste form. 

Constructability, operational reliability, and maintenance were scored similar to 
Alternative SW-4, with a minor reduction for the transportation factor. The unlikelihood 
of identifying an off-site disposal facility resulted in low scores for availability of services. 
Specialized equipment was given a medium score because of the problems of 
transporting the large volume of material. 

Agency approval was scored low because of public resistance expected at potential 
disposal sites and along the transport routes. The low score for cost reflects the high 
cost of transport to a remote location. 

Alternative SW-6 is essentially the same as Alternative SW-4, modified with 
RCRA-type landfills for the low activity waste. Most of the scoring is very similar to 
Alternative SW-4. Problems associated with the limited lifetime of the RCRA liners 
cause some scoring differences from Alternative SW-4. 

The liner is expected to improve the reduction in mobility factor over that of 
Alternative SW-4 so some improvement was noted there. The maintenance factor was 
lower due to the potential for routine maintenance on the liner. The cost factor is lower 
for this reason and for the increased transportation risk. 
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5.3.2.5 Alternatives SW-7 and SW-8: In situ Treatment for Solid Waste. 

5.3.2.5.1 Description. Two alternatives have been developed for the in situ 
treatment general response action for solid waste. 

Alternative SW-7: 

• Physical Treatment: Dynamic Compaction 

• Stabilization/Solidification: Vibration Aided Grout Injection 

• Capping: 
Hanford Barriers (radioactive waste disposal sites) 
RCRA Multi-media Caps (hazardous waste disposal sites) 

• Monitoring: 100 Area groundwater. 

Alternative SW-8 is a variation of Alternative SW-7, where dynamic compaction is 
not used: 

Alternative SW-8: 

• 

• 

• 

Stabilization/Solidification: Vibration Aided Grout Injection 

Capping: 
Hanford Barriers (radioactive waste disposal sites) 
RCRA Multi-media Caps (hazardous waste disposal sites) 

Monitoring: 100 Area groundwater. 

Size and Configuration. Refer to Section 5.3.2.4.1 for a discussion of the solid 
waste volumes and components. Figure 5-4 provides a conceptualization of the 
operations required for Alternative SW-7. • 

Alternatives SW-7 and SW-8 Unit Operations. 

• The initial operation for Alternative SW-7 involves solid waste site 
stabilization by dynamically compacting the soils ( above buried waste) and 
the solid wastes. This operation reduces bulk waste volume and reduces 
permeability relative to the surrounding soil. Dynamic compaction is 
accomplished by repeated lifting and dropping of a large weight, via a 
crane, onto the soil above a buried waste site. 

• The second operation for Alternative SW-7 ( and the initial operation for 
Alternative SW-8) is vibration aided grout injection. I-beams are driven 
through the soil around the perimeter of the site. A pipe running the 
length of the I-beam is used to transport grout to an injection nozzle. 
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Grout is injected while simultaneously extracting and vibrating the I-beam. 
Grout is thus forced into the solid waste void spaces and cavities, where it 
solidifies and encapsulates contaminants into a monolithic concrete block. 

• The final operation for both Alternative SW-7 and Alternative SW-8 is site 
closure by installation of either the Hanford Barrier or the RCRA multi
media cap depending upon the type of waste. The Hanford Barrier 
consists of a series of layers of natural material that act synergistically to 
seal the site. The initial layer consists of large rocks and boulders (rip
rap ). Layers of coarse stone, sand, and soil are then added in progression 
to form a mounded cap. Native vegetation is then planted on the cap to 
control erosion and to control infiltration of moisture through 
evapotranspiration. The RCRA cap is similar to the Hanford Barrier in 
that the design relies on multiple layers to prevent water infiltration. 

• Not all solid wastes in the 100 Area are directly amenable to the in situ 
treatment methods proposed in these alternatives. Pipelines and 
structures, for example, would not be dynamically compacted, and it is not 
conceivable that pipelines would be capped in-place with the Hanford 
Barrier. Some limited demolition of above ground structures and pipeline 
systems would be required for such structures. 

Composition. Treatment is in situ, therefore, flow rates for waste treatment are 
not applicable. The in situ treatment rate, however, must be specified to complete 
acti\jties by 2018. The total buried waste inventory which is subject to remediation by 
Alternatives SW-7 and SW-8, as shown in Table 5-2, is approximately 46 million LCF. 
The quantity of non-buried waste (e.g., pipelines and structures) amounts to about 104 
million LCF; such would require some demolition prior to application of in situ 
stabilization methods. No assumption is made as to the amount of surrounding media, 
which would also be stabilized and solidified as part of this action. 

Disposal Distances and Methods. The disposal method for both Alternatives SW-
7 and SW-8 is in situ. Solid w~tes are encapsulated in grout, and the environment is 
further protected from exposure by either the Hanford Barrier or RCRA multi-media 
cap. Limited demolition and excavation is required by necessity to prepare some solid 
wastes (i.e., structures and pipelines) for in situ stabilization and solidification. Such 
waste could be buried adjacent to the waste sites. The excavated waste or demolition 
debris handled in this manner would require stabilization by dynamic compaction and/or 
grouting and capping in the same manner as waste which was never moved. Sites 
stabilized in accordance with Alternatives SW-7 and SW-8 also offer the added benefit of 
protection from long-term subsidence. This would ensure the long-term effectiveness of 
the Hanford Barrier or RCRA cap by preventing ponding of precipitation which could 
potentially mobilize contaminants by leaching. 

5.3.2.5.2 Evaluation. The dynamic compaction step of Alternative SW-7 is 
intended to reduce the potential for subsidence and the subsequent impact on the 
Hanford Barrier or RCRA multi-media cap. Grout injection fills voids in the waste, 
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again reducing the possibility of subsidence. Both compaction and grouting are assumed 
to be imperfect, but would still be an improvement over Alternative SW-3. The 
disadvantage of the large number of sites which must be treated remains. 

Short-term effects are relatively good and scored medium to high because the 
exposure to workers is limited during operation on the unexcavated solid waste. Short
term protection of the environment is better than Alternative SW-3 primarily because 
extensive run-on control is not required. Long-term effects were judged to be medium 
because, although the waste is protected, it has not changed form. The compaction and 
grouting were judged to reduced mobility and scored higher than Alternative SW-3, 
which only involved capping. 

The combination of the capping and grout injection was given a medium score for 
reduction in mobility, a significant improvement over Alternative SW-3 which uses only 
the barrier. 

The constructability scored lower than Alternative SW-3 due to the anticipated 
problems and specialized nature of the grout injection. Similarly, scores for operational 
reliability, services, and specialized equipment are reduced from the scores of 
Alternative SW-3. 

Agency acceptability was scored slightly higher than for Alternative SW-3, but the 
large number of waste sites and the minimal change in waste form keep the score at 
medium. Although the caps are not expected to require routine maintenance in this 
application, the expense of the compaction and grouting services are expected to keep 
costs high, resulting in an overall assessment of a medium score. 

Since the value of the compaction step was judged to be limited, most 
Alternative SW-8 scores were very similar to those of Alternative SW-7. Limited credit 
was taken for the value of the grout which changed the scores only minor amounts. 

5.3.2.6 Alternatives SW-9 and SW-10: Removal, Treatment, and Disposal Alternatives 
for Solid Waste 

5.3.2.6.1 Descriptions. Two alternatives have been developed for this general 
response action. 

Alternative SW-9: 

• Removal: Excavation and Demolition 

• Thermal Treatment: 
Thermal desorption ( treatment for hazardous organically 
contaminated wastes only; this unit operation might require a 
shredder for feed preparation) 

• Physical Treatment: 
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Size reduction by compaction (non-organically contaminated 
combustibles and other compactible materials only) 

• Stabilization/Solidification: 
Cement-based (non-organically contaminated non-compactible 
materials and thermal desorber residues only) 

• On-Site Disposal: 
Vaults (high-activity radioactive and mixed waste) 
Trenches/pits (low-activity radioactive and mixed waste) 

• Capping: 
Hanford Barriers (radioactive and mixed waste disposal sites) 

Alternative SW-10: 

• Removal: Excavation and Demolition 

• Thermal Treatment: 

• 

• 

Incineration (treatment for hazardous organically contaminated 
materials and combustible wastes. This unit operation requires a 
shredder for feed preparation) 

Stabilization/Solidification: 
Bitumen-based (inert materials and ash only - no hazardous 
organically contaminated materials) 

On-Site Disposal: 
Vaults (high-activity radioactive and mixed waste) 
Trenches/pits (low-activity radioactive and mixed waste) 

• Capping: 
Hanford Barriers (radioactive and mixed waste disposal sites) 

Size and Configuration. Size and configuration are the same as .discussed in 
Section 5.3.2.4.1 for Alternatives SW-4, SW-5, and SW-6. Alternatives SW-9 and SW-10 
require remediation facilities capable of treating approximately 2,500 LCF /hr ( on 
average) of solid wastes contaminated with radionuclides, heavy metals, and potentially 
organic contaminants. Process flow diagrams for the remediation processes of 
Alternatives SW-9 and SW-10 are presented in Figures 5-5 and 5-6. Major unit 
operations for each alternative are discussed below. 

Alternative SW-9 Unit Operations. Figure 5-5 is a conceptual process flow 
diagram representing the removal, treatment, and disposal unit operations of Alternative 
SW-9. A description of each unit operation and its function is presented below. 
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• The excavation/ demolition system proposed for removal of solid waste is 
common to both Alternatives SW-9 and SW-10 and is basically the same as 
described for Alternatives SW-4, SW-5, and SW-6. Refer to Section 
5.3.2.4.1 for the description. 

• The initial unit operation for volume reduction of combustible waste and 
miscellaneous material with large amounts of void volume such as pipe is 
supercompaction. Packaged waste (from excavation/demolition 
operations) of a composition amenable to supercompaction would be 
processed in this step; all other heterogeneous waste mixes would be 
processed by stabilization/solidification, as described below. 

• Organically contaminated solid wastes would be treated in a two-stage 
thermal desorber. The initial stage consists of an externally fired chamber 
in which organic compounds are vaporized. The vapors are then oxidized 
in a secondary combustion chamber, and off-gases are scrubbed to remove 
acid gases such as HCl, and vented to the atmosphere. Residues 
generated from the off-gas treatment process would be prepared for 
disposal by stabilization and solidification. The thermal desorber would 
also be designed to accept liquid wastes by injection into the secondary 
combustion chamber as a contingency should drums of organic liquids such 
as paints and solvents be encountered. 

• 

• 

Upon excavation, intact drums are set aside from the main excavation 
operation. These are subsequently opened, sampled, and analyzed for 
volatile organics and radioactivity. Drums not containing volatile organics 
are shipped to the 200 Area disposal site. Drums containing volatile 
organics are treated by low-temperature thermal desorption in the same 
manner as described above for other organically contaminated wastes. 

Residues from the thermal desorption process and all other solid wastes 
including off-gas treatment residues would then be stabilized for disposal 
by solidification in a cement-based matrix. The stabilization and 
solidification process might be accomplished, for example, in a batch
operated mixer, which discharges a mixture of waste components and grout 
( consisting of cement and additives as appropriate) into disposal 
containers. 

• The previous unit operations result in compacted and solidified forms of 
treated waste requiring disposal. On-site vaults located at the Hanford 200 
Area would be used for disposal of high-activity radioactive and mixed 
wastes. Low-activity radioactive and mixed wastes would be placed in 
trenches or pits which would also be located in the 200 Area. 

• The Hanford Barrier would be used as required for closure of disposal 
sites. 
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Alternative SW-10 Unit Operations. Figure 5-6 provides a conceptual process 
flow diagram of the removal, treatment, and disposal unit operations of Alternative SW-
10. A description of unit operations and their functions which are unique to this 
remediation concept are presented below: 

• The incineration unit operation of Alternative SW-10 replaces both the 
supercompaction and thermal desorption unit operations of Alternative 
SW-9. Combustibles, organically contaminated solids, and organically 
contaminated materials from intact drums would be incinerated in a two
stage rotary kiln. The feed material must be prepared by size reduction in 
a shredder prior to combustion. The initial stage of the rotary kiln may be 
operated in either an oxygen rich or oxygen deficient atmosphere. The 
secondary combustion chamber operates oxygen rich to complete the 
oxidation of kiln gases and may be equipped with liquid-feed spray nozzles 
for liquid wastes. Residues generated from the off-gas treatment process 
would be prepared for disposal by stabilization and solidification. The 
rotary kiln was selected at this level of definition because it is the most 
flexible design for heterogenous solid waste forms. Waste characterization 
may result in design requirements for an incineration system consisting of 
more than one incineration device that is designed to thermally treat 
different types of waste forms. 

• 

• 

Incineration residues and all other solid wastes (including off-gas treatment 
residues) would then be stabilized for disposal by solidification in a 
bitumen-based matrix. The stabilization and solidification process may be 
accomplished in a batch-operated mixer that discharges a mixture of waste 
components and heated bitumen into disposal containers. 

Alternative SW-10 treatment operations result in a bitumen-encapsulated 
waste form requiring disposal. On-site vaults located at the Hanford 200 
Area are specified for disposal of high-activity radioactive and mixed 
wastes. Low-activity radioactive and mixed wastes would be placed in 200 
Area trenches or pits. 

• The Hanford Barrier would be used for closure of disposal sites. 

Flow Rates and Composition. See the discussion given for Alternatives SW-4, 
SW-5, and SW-6. 

Disposal Distances and Methods. The disposal method for both alternatives is 
on-site disposal at the Hanford 200 Area. Wastes that must be sent to the Hanford 200 
Area result from solidification of solid wastes and thermal treatment residues. The 
disposal method selected for stabilized and solidified waste forms is dependent on the 
activity of the waste; vaults are used for high-activity radioactive and mixed waste, and 
trenches/pits are used for low-activity radioactive and mixed waste. The Hanford 
Barrier is specified for use, where appropriate, to seal disposal sites. 
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5.3.2.6.2 Evaluation. Alternative SW-9 is one of the alternatives providing waste 
form modification. Although this alternative results in a much improved waste form, the 
scale of required operations is large and costs will be high. 

The short-term effects require demolition and retrieval followed by extensive 
treatment, so these scores are low to medium. However, the short-term effects are still 
judged to be better than for Alternative SW-5, which called for off-site shipment. Long
term effects and reduction in waste mobility factors are given high scores. 

Constructability, reliability, availability of services, and specialized equipment all 
rated average scores, reflecting the complexity and special nature of the large-scale 
processing equipment. 

Maintenance needs were scored in the average range for this alternative due to 
the stage of development for process options in this application. 

The cost of processing will be very high and is reflected in low scores. 

Alternative SW-10 differs from Alternative SW-9 in that combustible and 
organically contaminated wastes are incinerated, and residues are stabilized in bitumen 
instead of cement. Incineration leads to a more stable waste form than Alternative SW-
9, but the regulatory approvals are expected to be more difficult. Bitumen is assumed to 
be a stable waste form. 

In general, the scores were very similar to those of Alternative SW-9, except for 
agency approval. The incinerator was thought to be more difficult to permit than the 
thermal desorber of Alternative SW-9. 

5.3.3 Groundwater Alternatives 

5.3.3.1 Alternative GW-1: No Action for Groundwater 

5.3.3.1.1 Description. As explained in Section 4.0, the no action alternative is 
required by the NCP to serve as a baseline fo r evaluation of other alternatives. The no 
action alternative can also be applied to sites where contamination does not exceed the 
level of unacceptable risk and/ or is in compliance with ARARs. This alternative 
represents a situation where no restrictions, controls, or active remedial measures are 
applied to the site and thus the contamination is allowed to dissipate through natural 
attenuation processes. The acceptability of this alternative would depend on a risk 
assessment. 

5.3.3.1.2 Evaluation. This al ternative involves no monitoring and no controls and 
is evaluated as a requirement of the NCP fo r the feasibility study process. As in the case 
of Alternative SW-1, a risk assessment would make the evaluation of such an alternative 
more quantitative. 
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Short-term effects are scored in the low to medium range since there would be no 
worker exposure, and the groundwater is not readily accessible in the undisturbed state. 
In the absence of a risk assessment, the long-term effects are assumed to be very poor 
and the release of contaminants to the environment are presumed to continue. This 
alternative provides no benefits to reduction of contaminant mobility. 

The three factors related to construction and reliability are all given high scores 
because no equipment of any sort is required. Similarly, the alternative was given a high 
score for cost because, essentially no costs are associated with this alternative. 

. This alternative was given low scores for agency approval; the alternative is 
unlikely to actually meet the RAOs. 

5.3.3.2 Alternative GW-2: Institutional Actions for Groundwater 

5.3.3.2.1 Description. The institution.al action alternative ( designated Alternative 
GW-2) for groundwater involves restricting access to contaminated sites within the 
Hanford 100 Area, but restrictions are unique to the media. Types of restrictions are 
defined as follows: 

• Water-rights restrictions limit access to contaminated groundwater. The 
water-rights restrictions could be imposed by deed restrictions, as discussed 
below, or by designated use should the title to the 100 Area remain with 
the federal government. Water-rights restrictions merely designate to what 
degree (if at all) 100 Area groundwater could be used for irrigation, 
drinking water, or for industrial activities. This action may require an 
additional change in water-rights administrators to make it effective. At 
this time no water-right is necessary if consumptive use is less than 5,000 
gal/day. 

• Deed restrictions are used to institute restrictions to groundwater use. 
Restrictions specify acceptable groundwater uses and may take the form of 
covenants that limit activities resulting in human contact. Deed 
restrictions may include prohibition of groundwater use and limitations to 
farming, grazing, and industrial activity. 

• Water taken from the Columbia River or from wells in unaffected areas 
would be used to replace groundwater for industrial, domestic, and 
agricultural purposes. • 

In addition to restricting groundwater use and access to groundwater, the 
institutional-action alternative also includes groundwater and environmental monitoring. 

5.3.3.2.2 Evaluation. Institutional contro ls and the use of an alternative water 
supply provide an improvement over the no action alternative. Continued monitoring is 
assumed and would probably be required in perpetuity. 

5-20 



-

DOE\RL-92-11 
Draft B 

The short-term effects are assumed to be acceptable based on the monitoring, and 
no worker exposure is associated with groundwater retrieval. Therefore, an intermediate 
to high score is assigned. Long-term effects, such as release of the contaminants to the 
river, result in low scores. Since no reduction in mobility is achieved with this 
alternative, a score of "1" was given by all project team members. 

Constructability, maintainability, availability of services, and special equipment 
were all given high scores because the replacement water supplies and legal instruments 
necessary for this alternative are all readily available. Medium to high scores were 
assigned for maintenance because of the need for perpetual care. This alternative was 
given low to medium scores for agency approvals due to the potential for not meeting 
RAOs. The monitoring and institutional controls, however, are considered an 
improvement over no action. 

A high score was given for cost due to the low costs associated with 
implementation of the institutional controls. 

5.3.3.3 Alternative GW-3: Containment Actions for Groundwater. 

5.3.3.3.1 Description. A single alternative has been developed for containment of 
contaminated groundwater. 

Alternative GW-3: 

• Vertical barrier: Slurry walls 
• Hydraulic control: Extraction wells (also used for injection purposes). 
• Monitoring: 100 Area groundwater. · · · 

Size and Configuration. The containment response action could be implemented 
in a number of different ways. Vertical barriers could be built around the perimeters of 
known plumes or around specific groundwater operable units. Similarly, the 
extraction/injection well hydraulic control system could be designed only to prevent 
influx to operable units or to prevent influx to the entire site. Modeling and economics 
analysis would be required to determine optimum containment characteristics such as 
slurry wall location and the number and location of extraction/injection wells. It is 
assumed for the purposes of this feasibility study that the containment alternative is 
implemented as follows: slurry walls would be built to prevent migration of contaminant 
plumes to the depth of a confining member, such as basalt or clay; groundwater 
extraction wells would be placed to intercept clean groundwater upgradient from 
contaminant plumes. The clean groundwater would be reinjected in a suitable location, 
preventing contact with contaminated groundwater. Slurry walls would be constructed of 
the most durable material possible in order to retain long-term effectiveness. A cement
based slurry would form a low-strength concrete barrier when combined with the cobbles 
and gravel present in 100 Area soils, which would exhibit better long-term performance 
than a clay-based slurry. The depth of slurry walls would vary; for example, Figure 1-4 
(in Section 1.0) indicates that at the 100-B/ C Area, depth to the upper aquitard blue-clay 
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layer (part of the Ringold Formation) is approximately 160 feet. The concept of 
Alternative GW-3 is presented graphically in Figure 5-7. 

Containment Objective. The objective of containment is to prevent migration of 
contaminated groundwater to environmental resources, such as the Columbia River and 
to uncontaminated aquifers. Thus the intent is to prevent introduction of contaminants 
to sources of drinking ( or irrigation) water. Groundwater would be isolated by 
extraction of clean groundwater upgradient of contaminated plumes and reinjected 
elsewhere. 

Disposal Distances and Location. Waste disposal is not applicable to Alternative 
GW-3. Hydraulic control (extraction) wells would remove uncontaminated groundwater 
from around the perimeter of the contaminant plumes. This water would be utilized in 
downgradient hydraulic control (injection) wells. While utilization of hydraulic control 
wells would require management of the extracted water, injection of this water does not 
constitute disposal of removed contamination. 

5.3.3.3.2 Evaluation. Construction of slurry walls to depth and hydraulic controls 
have been demonstrated, but the depth and overall dimensions of slurry walls required at 
the Hanford 100 Area are unusual. A large volume of clean groundwater would be 
required for hydraulic control. 

The moderate score for short-term protection reflects the general inaccessibility of 
the groundwater. Long-term effects are only slightly lower due to the uncertainty of the 
actual risks involved when the groundwater reaches the river in dilute state. The low to 
medium score for reduction of mobility is an indication of the uncertainty of the actual 
effectiveness of the alternative. 

The alternative was also given relatively low scores for co·nstructability and 
maintainability due to the problems associated with installation and maintenance of the 
deep slurry walls. The services and specialized personnel factors were scored somewhat 
higher, indicating a belief that the technology is available. The alternative was given a 
low score for maintenance because maintenance of the slurry walls and pumping system 
would be required in perpetuity. 

A medium to low score for agency approval reflects a poor probability that 
regulatory agencies would approve an alternative requiring perpetual care. Similarly, the 
cost of perpetual care resulted in the assignment of low to medium scores for the cost 
factor. 

5,3.3.4 Alternative GW-4: In Situ Treatment for Groundwater. 

5.3.3.4.1 Description. A single alternative has been developed for the general 
response action of in situ treatment of groundwater. 
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• Biological Treatment: Biodenitrification (nitrates) 

• Physical Treatment: Air stripping (followed by venting of organics to the 
atmosphere). 

• Monitoring: 100 Area groundwater. 

Figure 5-8 conceptualizes the in situ treatment processes of Alternative GW-4. 

Size and Configuration. Alternative GW-4 is specified to treat nitrate plumes, 
isolated areas of organic contamination, and dissolved heavy metals/radionulcides in situ. 
The Hanford Ground Water Cleanup and Restoration Conceptual Study (WHC 1991d) 
indicates that nitrate plumes of significant size are present at each of the reactor sites 
(WHC 1991d, Appendix A, Figures A-6 through A-11). Maximum concentration of 
nitrates ranges from 48,400 µg/L at the B/C Area up to 524,000 µg/L at the H Area 
(refer to Table 1-17 in Section 1.0 of this report). Also refer to Tables 1-16 and 1-17 for 
information on heavy metals and radionuclides. 

The location of organic contamination in 100 Area groundwater is not as well 
defined as nitrate. Information presented in Table 1-18 indicates the presence of some 
halogenated compounds in groundwater at both the H and N Areas. In addition to the 
halogenated compounds, the N Area groundwater also contains Arochlor 1016, 
Arochlor 1221, and benzene in concentrations greater than drinking water standards 
(Table 1-19). 

Alternative GW-4 Unit Operations. The treatment objectives of Alternative 
GW-4 include in situ remediation of nitrates and VOCs. Process operations required 
for remediation are described below. Note that air stripping is not effective in stripping 
Arochlors from groundwater. 

• Nitric acid has been used extensively for decontamination of reactor 
components. In situ biodenitrification would reduce nitrates to elemental 
nitrogen (which would then be released from groundwater for venting to 
the atmosphere). The denitrification process takes place according to the 
following simplified reaction: 

No-1 

3 

Bacterial Mel/Jboiic Process 

Nutrients and bacteria culture must be injected into the nitrate 
contaminated aquifer. The bacterial life cycle metabolic processes require 
oxygen which is stripped from nitrate. 

5-23 



DOE\RL-92-11 
Draft B 

• Air stripping followed by venting of volatile organic compounds (VOC) to 
the atmosphere is proposed for removal of organic contamination. Wells 
( trenches would also be appropriate) would be constructed in 
contaminated areas such as at the H and N Areas. Air would be bubbled 
through the groundwater, and VOCs would be subsequently stripped from 
the aqueous phase into the gas phase. 

Flow Rates and Composition. Contamination is treated in place for Alternative 
GW-4. Nitrogen resulting from biodenitrification and hydrocarbon contaminants 
mobilized by air stripping would be vented to the atmosphere. If ARARs prohibit 
venting to the atmosphere, other process options such as vacuum extraction would be 
required. Engineering and treatability studies would be required to determine well ( or 
trench) locations and quantity, injection rate of air, and effectiveness in removing VOCs. 
Similarly, injection rate, type of nutrients, bacteria culture, and location of injection wells 
must be determined by groundwater modeling and treatability studies for 
biodenitrification. Development work for in situ chemical precipitation is needed to 
determine the most appropriate reagents and the means of assuring adequate mixing of 
the reagent(s) with the groundwater. 

Disposal Distances and Methods. In situ processes do not require waste disposal. 

5.3.3.4.2 Evaluation. Alternative GW-4 provides nitrate and VOC stripping but 
does not remediate metals or radionuclides. Although the in situ alternative has some 
favorable features, the partial treatment makes it an incomplete solution. 

Medium effectiveness scores were given for both long- and short-term 
effectiveness. Venting of VOCs to the atmosphere was considered a negative factors 
keeping the short-term effectiveness scores from being higher. Similarly, long-term 
effectiveness and reduction of mobility factors were only given medium scores because of 
the limited applicability of the alternative. 

Constructability, reliability, and specialized equipment were also given medium 
scores because of the uncertainty of biological treatment effectiveness for such 
contaminants as chlorinated organics and because of the . large number of relatively deep 
stripper wells potentially required. 

Permitting agencies were judged to favor the in situ alternative (as applied to 
nitrates and organics) and the scoring was in the medium to high range. The cost was 
judged to be high due to the number and depth of stripper wells. 

5.3.3.5 Alternatives GW-5 and GW-6: Removal, Treatment, and Disposal Alternatives 
for Groundwater. 

S.3.3.S.1 Descriptions. Two alternatives have been developed for this general 
response action. 
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• Removal: Extraction wells 

• Biological Treatment: 
Biodenitrification (nitrates) 

• Chemical Treatment: 
Chemical oxidation (organics) 
Precipitation (heavy metals and radionuclides) 
Chemical reduction (hexavalent chromium) 

• Physical Treatment: 
Media filtration (remove precipitates) 
Ion exchange (polishing and any remaining inorganic contaminants) 

• Stabilization/Solidification: 
Cement-based solidification of secondary waste streams 

• Disposal: 
Reinjection into the aquifer (Disposal for S/S residues: Vaults-high
activity radioactive and mixed waste; trenches/pits - low-activity 
radioactive and mixed waste; trenches/pits to be capped with the 
Hanford Barrier 

• Monitoring: 100 Area groundwater. 

Alternative GW-6: 

• Removal: Extraction wells 

• Biological Treatment: 
Biodeni trification (nitrates) 

• Physical Treatment: 
Air stripping/ carbon adsorption (organics) 
Forced evaporation (for volume reduction) 
Media filtration (remove concentrated solids) 
Reverse osmosis (polishing and any remaining inorganic 
contaminants) 

• Stabilization/Solidification: 
Cement-based solidification of secondary waste streams 
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• Disposal: 
Crib disposal (Disposal for S/ S residues: Vaults-high-activity 
radioactive and mixed waste; trenches/pits - low-activity radioactive 
and mixed waste; capped with Hanford Barrier). 

• Monitoring: 100 Area groundwater. 

Size and Configuration. The volume of contaminated groundwater potentially 
requiring treatment has been estimated as 4.8 billion gallons (refer to Appendix D). The 
extraction system design (for Hanford 100 Area contaminated groundwater plumes) 
presented in the Hanford Ground Water Cleanup and Conceptual Study (WHC 1991d) 
proposes a line of 255 extraction wells (Table C-1 of the report), located approximately 
300 feet from the Columbia River. A 50-gpm pump was specified for each well. 
Modeling of the groundwater hydrology in this study resulted in a requirement for a 
cumulative extraction rate of 5,760 gpm (see Table 5-4 for derivation), in order to 
intercept contaminated plumes before contact with the Columbia River. 

Alternatives GW-5 and GW-6 would require remediation facilities designed to 
treat 5760 gpm of groundwater contaminated with nitrates, hexavalent chromium, 
radionuclides, and potentially, other contaminants such as organics and heavy metals. 
Primary components of the unit operations required for both alternatives are presented 
schematically in Figures 5-9 and 5-10. 

Alternative GW-5 Unit Operations. Figure 5-9 is a conceptual flow diagram of 
the unit operations proposed for Alternative GW-5. Each unit operation and its function 
is described below: 

• The extraction system consists of 255 extraction wells equipped with 50-
gpm pumps throttled to achieve a cumulative extraction rate of 5760 gpm. 

• Groundwater is pumped to a storage tank to allow flow equalization and 
to allow particles-that may interfere wi th the efficiency of subsequent unit 
operations-to settle. 

• A chemical oxidation system for organic contamination is the initial unit 
operation in the treatment system. Groundwater and reagents, such as 
combinations of hydrogen peroxide and ozone, are pumped -into a process 
vessel where organic contaminants are oxidized ( the reaction is enhanced 
by ultra violet light). Simplified reaction (for a hydrocarbon) of this 
process 1s: 

WV 
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• Fallowing chemical oxidation, a source of carbonate ion ( other reagents 
such as phosphates could also be used), and pH adjustment would be 
required depending on the chemical species which require treatment). 
The reagent is added to the process stream in a continuously stirred 
continuous flow (CSCF) reactor vessel. Addition of carbonate (at slightly 
elevated pH) or phosphates causes precipitation of reagent-specific 
radionuclides. An example of a precipitation reaction for strontium-90 as a 
carbonate salt, occurs as described by the following simplified reaction: 

• Clarifiers are used to concentrate precipitates by dewatering. Clear-water 
overflows from the clarifier and a concentrated stream containing 
suspended solids then flows to a rotary drum filter unit. A material such 
as diatomaceous earth is added to the waste stream to aid in the filtration 
process. The rotary drum filter is specified because it requires less hands
on operation than do other filter types (such as plate and frame filter 
presses). 

• The next unit operation is specified for chemical reduction of hexavalent 
chromium (which is very soluble) to the trivalent oxidation state (which is 
highly insoluble). An acidic solution of ferrous sulfate is added to the 
process stream in a CSCF reactor vessel. The hexavalent chromium 
precipitates as a sulfate salt, according to the following redox reaction: 

Cr0 2
-+ 6Fe 2

·+ 6S0 2
---- 14H ·- 2Cr 3'(50 2

-) + + 6Fe 3
• 

2 7 l 4 3 

• Biodenitrification is proposed fo r reduction of nitrates to elemental 
nitrogen which may then be vented to the atmosphere. Clarified effluent 
from the hexavalent chromium reduction process flows to a 
biodenitrification reactor vessel where the denitrification occurs according 
to the following reaction: 

&curial M~I/Jbolic Process 

• Some radionuclide species such as cesium- 137 and technetium-99 are not 
readily precipitated ( either by pH adjustment or by redox). Ion exchange 
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is the final unit operation applied to treat this type of contaminant. Both 
cation and anion exchange resins are specified to remove primary 
contaminants and also to polish the water prior to discharge. Ion exchange 
resins require regeneration by stripping with high-concentration salt, acid, 
or other reagent solutions. The regeneration loop results in a large 
amount of secondary waste that must be treated and solidified prior to 
disposal. 

• Residues are generated from filtration and ion-exchange regeneration steps 
described above. Prior to disposal, all residues would be solidified with 
cement. 

• At this point, two waste streams are ready for disposal. The treated 
groundwater still contains tritium and would be reinjected into a 200 Area 
aquifer to allow sufficient travel time for natural attenuation of the tritium 
before it reaches the river. Solidified waste residues would also be sent to 
the 200 Area for disposal. Vaults would be used for high-level radioactive 
and mixed waste, and trenches or pits are specified for low-level 
radioactive and mixed waste. The Hanford Barrier would be used to cap 
all trenches/pits used for waste disposal. 

Alternative GW-6 Unit Operations. Alternative GW-6 unit operations are all 
physical treatment options with the exception of biodenitrification. Figure 5-10 provides 
a conceptual flow diagram of the unit operations proposed for Alternative GW-6. This 
alternative differs from Alternative GW-5 in that physical treatment unit operations are 
not as contaminant specific as chemical treatment unit operations. Unit operations not 
described previously and their function in the remediation strategy are described below. 

• Air stripping followed by carbon adsorption unit operations is proposed for 
remediation of voes. Groundwater and air are fed counter-current to 
each other in a packed bed ( or tray) stripping column. Organic 
constituents are stripped from the aqueous phase into the gas phase which 
is then treated with organic carbon to prevent voe emissions to the 
atmosphere. Organics other than voes are not treated by this alternative. 

• The initial unit operation is forced evaporation to reduce the volume of 
water requiring treatment in subsequent unit operations. Enough water 
may be evaporated in commercial power plant evaporator-dryers to 
achieve 30 to 50 percent total solids. The vapor is then condensed and is 
pumped to a disposal line. 

• A rotary drum filter is used to remove concentrates from the evaporation
dryer bottom waste stream. The concentrate would be solidified prior to 
disposal. 
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• Reverse osmosis would then be used on the fi ltered liquid effluent for 
removal of remaining soluble inorganic contaminants, especially those of 
higher molecular weight. 

• Biodenitrification is specified for remediation of nitrates. 

• Ion exchange is the final unit operation required, and both cation and 
anion exchange resins are specified to polish the water prior to discharge. 
Note that resin regeneration would result in a large amount of secondary 
waste, requiring solidification prior to disposal. 

• Cement-based solidification is proposed for residues from incineration (if 
required), media filtration, reverse osmosis, and ion exchange. 

• Two waste streams are ready for disposal. Treated groundwater still 
contains tritium and would be released to the soil via a crib in the 
Hanford 200 Area to provide sufficient travel time to the river to allow 
natural attenuation of the tritium. Solidified waste residues would also be 
sent to the 200 Area for disposal. Vaults would be used for high-activity 
radioactive and mixed waste and trenches or pits are specified for low
activity radioactive and mixed waste. The Hanford Barrier would be used 
to close all trenches/pits used for waste disposal. 

Flow Rates and Composition. Tables 1-17 through 1-19 in Section 1.0 of this 
report provide the most recent analytical results for contaminants in groundwater. 
Section 1.3.1.6.2 discusses contaminants which exceed the EPA's maximum contaminant 
levels. 

The Hanford Ground Water Cleanup and Restoration Conceptual Study (WHC 
1991d), lists the estimated extraction rates and major contaminants by 100 Area plume 
(refer to Table 2-2 of the referenced report). The extraction flow rates vary according to 
the hydrology of the particular plume and the extent of contamination; for example, an 
extraction rate of 800 gpm is required for the 100-DR-1 plume, which is contaminated 
with strontium-90, tritium, chromium, and nitrates as primary contaminants. The 
estimated extraction rate for all 100 Area plumes is summarized in Table 5-4 below. 
Unit operations for Alternatives GW-5 and GW-6 may be specified with parallel trains 
to avoid cross contamination, especially for waste streams containing tritium and waste 
streams which are not ra<jioactive. 

Disposal Distances and Methods. The proposed disposal method for both 
alternatives is on-site disposal at the 200 Area. The treated groundwater would be 
reinjected into the aquifer for Alternative GW-5 and would be disposed into the soil via 
a crib for Alternative GW-6. Both disposal methods would result in introduction of 
tritium into the environment, and natural attenuation of this contaminant is considered 
part of the remediation strategy since no practical treatment technology exists for tritium. 
Residues resulting from secondary waste stream treatment, such as media filtration (both 
alternatives), ion exchange (both alternatives), and reverse osmosis (Alternative GW-6), 
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would be solidified and disposed of in the 200 Area. The method selected for waste 
disposal is dependent on the activity of the waste. Vaults are specified for disposal of 
high-activity radioactive and mixed waste, and trenches/pits are used for low-activity 
radioactive and mixed waste. The Hanford Barrier is used to close the trenches or pits. 

5.3.3.5.2 Evaluation. Groundwater would be remediated with a complex system 
involving extraction wells and chemical, biological, and physical treatment followed by 
solidification of secondary wastes. The solidified wastes would be disposed on-site and 
treated water would be reinjected into a suitable aquifer. 

Due to the dilute contamination in the groundwater, worker exposure would be 
low in this treatment, and there would be only limited environmental disturbance. 
Medium to high short-term protection scores result. The long-term protection and 
reduction of mobility factors were all scored uniformly high as the contamination is 
removed and concentrated in disposal facilities. Concern over reinjection of untreated 
tritium kept the scores from being higher. 

The alternative was judged to be relatively easy to construct using known 
processing systems and was, therefore, scored medium to high. Services were scored 
similarly, with only the scale of the problem inhibiting high scores. Due to the 
substantial complexity of the processing system, only medium scores were assigned for 
reliability and specialized equipment. 

The problem of tritiated water reinjection kept the agency approval score only in 
the medium to high range, even though the treatment system is thorough. The cost 
fa~tor score is very low, reflecting the high cost of this complex system . 

In Alrernative GW-6 a different treatment system is proposed to address all but 
tritium in the groundwater. The alternative was given scores very similar to Alternative 
GW-5 in all but two factors. Slightly lower scores for agency approval were assigned to 
reflect concern over the impact of the very large evaporator systems. This same concern 
kept the availability of services factor somewhat lower than for Alternative GW-5. 

5.3.4 Soil and Riverbank Sediment Alternatives 

5.3.4.1 Alternative SS-1: No Action. 

5.3.4.1.1 Description. As explained in Section 4.0, the no action alternative is 
required by the NCP to serve as a baseline for evaluation of other alternatives. The no 
action alternative can also be applied to sites where contamination does not exceed the 
level of unacceptable risk and/ or is in compliance with ARARs. This alternative 
represents a situation where no restrictions, controls, or active remedial measures are 
applied to the site and thus the contamination is allowed to dissipate through natural 
attenuation processes. The acceptability of this alternative would depend on a risk 
assessment. 
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5.3.4.1.2 Evaluation. This no action alternative for soils and riverbank sediments 
was scored in a similar fashion to the two previous no action alternatives (Alternative 
SW-1 for solid waste and Alternative GW-1 for groundwater). A major concern was 
again raised in relation to the need for a risk assessment to confirm or override the 
judgements made in the scoring. 

Short-term effects are scored considering potential exposures to the populace and 
worker exposure. Since there would be no worker exposure, and these sites represent 
only a moderate exposure problem in the undisturbed state, short-term effects are given 
an intermediate score. It is conservatively assumed that the long-term effectiveness is 
very poor and that the potential for releasing contaminants into the environment is high, 
although this may not be true for all sites. This alternative provides no benefits to 
reduction of waste mobility. 

The factors related to construction, reliability, availability of services, and 
specialized equipment are all given high scores, which reflects the lack of requirement 
for any special equipment. Similarly, the alternative was given a high score for cost 
because essentially no costs are associated with this alternative. 

This alternative was given low scores for agency approval because it is unlikely to 
actually meet the RAOs. 

5.3.4.2 Alternative SS-2: Institutional Actions for Soil and Riverbank Sediment. 

5.3.4.2.1 Description. This alternative involves restricting access to contaminated 
areas of soils and riverbank sediments within the Hanford 100 Area. Volume, toxicity, 
and mobility of contaminants associated with soils and riverbank sediments are not 
reduced by institutional actions. Access restriction to areas containing contaminated 
soils and riverbank sediments (for example, cribs, disposal trenches, and drains) reduces 
the potential for human exposure. The institutional actions include fences, deed 
restrictions, and monitoring, the same as described fo r Al ternative SW-2, in Section 
5.3.2.2, Institutional Actions for Solid Wastes . 

5.3.4.2.2 Evaluation. The limited effectiveness of institutional controls, even with 
perpetual monitoring, generally results in a low composite score. As in the previous 
alternative, a risk assessment is needed to confirm or refute the opinions indicated by 
these scores. The scores for this alternative are very similar to those for Alternative 
SW-2 using institutional controls for solid waste. 

The short-term effects are assumed to be acceptable, based on monitoring, and 
there is no worker exposure associated with retrieval. Therefore, intermediate scores are 
assigned to these factors. It is conservatively assumed that the long-term effectiveness is 
very poor and that the potential fo r releasing contaminants into the environment is high, 
although this may not be true for all sites. 

Constructability, reliability, availability of services, and special equipment all get 
high scores because fencing, monitoring, and legal instruments are all readily available. 
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An average score was assigned for maintenance because of the need for perpetual 
care. Cost of this alternative is low, so the cost score is high. This alternative, similar to 
Alternative SS-1, was given a low score for agency approval due to the potential for not 
meeting RAOs. 

5.3.4.3 Alternative SS-3: Containment Actions for Soil and Riverbank Sediment. 

5.3.4.3.1 Description. A single alternative has been developed for containment of 
soils and riverbank sediments. 

This alternative is similar to Alternative SW-3, which applies to solid wastes. 

Alternative SS-3: 

• Run-On/Run-Off Control: 
- Grading 
- Diversion/ collection 
- Revegetation 

• Capping: 
- Hanford Barriers (radioactive waste disposal sites) 
- RCRA Multi-media Caps (hazardous-only waste disposal sites) 

• Monitoring: 100 Area groundwater. 

Size and Configuration. This containment action is intended to take advantage of 
low-cost surface modifications to protect the integrity of contaminated soils and 
riverbank sediments. The Hanford Barrier would be installed over buried wastes to 
prevent erosion, breaching by burrowing animals and contact with precipitation. Other 
areas of the site would be contoured (by grading) to aid in channeling precipitation away 
from the wastes, thus ensuring adequate protection from erosion. Diversion and 
collection would also be used to prevent runoff from ponding over the solid wastes 
thereby reducing the potential for mobilization of contaminants by leaching. Native 
species vegetation would be planted over capped areas and adjacent areas of disturbed 
soil for erosion control. 

Containment Objective. The objective of containment is to prevent mobilization 
· of contaminants that are adsorbed on soil particles as a result of erosion or leaching 
mechanisms. 

Disposal Distance and Methods. Containment implies in situ disposal, which 
avoids the need for disposal facilities. Contaminated soils and riverbank sediments are 
isolated in situ without waste treatment and are protected from mobilization with the 
Hanford Barrier or RCRA Multi-media Cap, as required for the type of waste. 

5.3.4.3.2 Evaluation. Run-on/ run-off control, when coupled with the installation 
of Hanford Barriers or RCRA caps, leads to a relatively "low tech" alternative. Without 
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the potential for subsidence (as in the case of solid waste), there should be little to no 
perpetual care for the Hanford Barrier for this application. It is anticipated that the 
number of individual sites where Hanford Barriers or RCRA caps would be required is 
very high. Multiple sites in close proximity may be more efficiently covered by one 
Hanford Barrier or RCRA cap. The large number of sites/caps is a negative factor 
when considering this containment alternative because individual, separately negotiated 
permits might be required for each site. 

Short-term effects were scored slightly higher than the previous two alternatives 
because of the limited exposure of the workers to the low hazard problem and the 
effectiveness of the Hanford Barrier. The short-term environmental effects are worse 
than the short-term human health effects due to the disturbance associated with grading 
for run-on/run-off control. The long-term effects are given low to medium scores 
because the waste has not been modified or immobilized and the potential for 
contaminant release remains. The alternative scores higher than either Alternatives SS-1 
or SS-2 on reduction of mobility, because the Hanford Barrier and RCRA multi-media 
cap will inhibit leaching and intrusion into contaminated zones. 

The constructability factor was given high scores, reflecting the simplicity of the 
alternative. Similarly, services and equipment are readily available and scored high. 

Medium to high scores were given to cost, reflecting moderate capital costs to 
handle the large number of sites. 

Low scores were assigned to agency approvals. The alternative is better than the 
previous ones, but since the constituents have not been immobilized and due to the 
multiplicity of sites, it is not rated highly. 

5.3.4.4 Alternatives SS-4, SS-5, and SS-6: Removal and Disposal Alternatives for Soil 
and Riverbank Sediments. 

5.3.4.4.1 Descriptions. Three alternatives have been developed for the removal 
and disposal general response action for soils and riverbank sediments. These three are 
similar to the solid waste Alternatives SW-4, SW-5, and SW-6. 

Alternative SS-4: 

• Removal: Excavation 

• On-Site Disposal: 
Vaults (high activity radioactive and mixed waste) 
Trenches/ pits (hazardous-only and low activity radioactive and 
mixed waste) 

• Capping: 
Hanford Barriers (radioactive waste disposal sites) 
RCRA Multi-media Caps (hazardous-only waste disposal sites) 
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Alternatives SS-5 and SS-6 are variations of Alternative SS-4 and differ only by 
the method of disposal. 

Alternative SS-5: 

• Removal: Excavation 

• Off-Site Disposal: 

Alternative SS-6: 

DOE facilities (all radioactive and mixed wastes) 
RCRA-type landfills (hazardous materials). 

• Removal: Excavation 

• On-Site Disposal: 
Vaults (high activity radioactive and mixed waste) 
RCRA-type Landfills (low activity radioactive and mixed waste and 
hazardous materials). 

• Capping: 
Hanford Barriers (radioactive waste disposal sites) 
RCRA Multi-media Caps (hazardous-only waste disposal sites). 

Size and Configuration. The total volume of contaminated soil in the 100 Area 
has been estimated at about 456 million loose cubic feet in the 100 Area Past Practice 
Site Cleanup and Restoration Conceptual Study (WHC 1991e). This volume includes one 
third of the total overburden that must be removed to excavate soil; i.e., this volume of 
overburden must be treated or disposed of along with the contaminated soil because it 
would potentially be contaminated during excavation operations. The volume of 
contaminated riverbank sediments has been estimated at about 300 million LCF (refer to 
Appendix D). 

The soil and riverbank sediments of the 100 Area are contaminated with a variety 
of toxic compounds including: radionuclides, heavy metals, nitrates, and to a lesser 
degree, organic compounds. Refer to Tables 1-5, 1-6, 1-7, and 1-8 and the discussion in 
Section 1.3.1 for detailed information pertaining to contaminants, concentration in soil, 
and waste generation processes. Major unit operations for Alternatives SS-4, SS-5, and 
SS-6 are discussed below. 

Alternatives SS-4, SS-5, and SS-6 Removal. The objectives of Alternatives SS-4, 
SS-5, and SS-6 are common: removal of soils and riverbank sediments by excavation 
followed by disposal. 

• Commercially available, large scale mining/ construction equipment would 
be used to excavate soils and riverbank sediments. The excavated soils 
would be sorted by activity level and packaged in bulk containers for 
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transport to the disposal si te. Dust control measures, including 
containment structures if necessary, would be provided to assure worker 
and environmental protection during remediation. 

• The system specified would be capable of removing approximately 8,000 
LCF /hour of soils and riverbank sediments to meet the 2018 TP A 
milestone for completion of remediation. 

The disposal systems defined for Alternatives SS-4, SS-5, and SS-6 provide the 
opportunity to examine and compare the use of both onsite and offsite disposal 
strategies. Major unit operations and the objectives of their use for each alternative are 
discussed below: 

Alternative SS-4 Disposal: 

• On-site vaults located at the Hanford 200 Area are specified for disposal 
of high-activity radioactive and mixed wastes. Hazardous-only and low
activity radioactive and mixed wastes would be placed in disposal 
trenches/pits at the 200 Area. 

• Closure of the trenches/pits would be accomplished with the Hanford 
Barrier or RCRA multi-media cap, depending upon the type of waste. 

Alternative SS-5 Disposal: 

• Off-site disposal is specified for high-activity radioactive and mixed wastes, 
low-activity radioactive and mixed wastes, and hazardous wastes. All 
radioactive and mixed wastes are would be shipped to disposal areas at 
other DOE facilities. Hazardous waste would be shipped to an off-site 
RCRA landfill in accordance with current practice. 

Alternative SS-6 Disposal: 

• On-site vaults located at the Hanford 200 Area are specified for disposal 
of high activity radioactive and mixed wastes. All other wastes would be 
shipped to new on-site RCRA-type landfills for disposal. 

• The Hanford Barrier and RCRA multi-media cap would be used as 
required for closure of all waste disposal sites. 

Flow Rates and Composition. The 100 A rea Past Practice Site Cleanup and 
Restoration Conceptual Study (WHC 1991e) developed estimated excavation rates 
necessary to remediate contaminated soils by year 2018 assuming a 20 year remediation 
period. Sediment excavation rates were developed using the same assumptions. 
Contaminated soil and sediment volumes and excavation rates are presented in 
Table 5-5_. 
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Hanford 100 Area soils and riverbank sediments (exclusive of contaminants) 
consist of Pasco gravels with small amounts of clay and humus materials. The mixture is 
very coarse with a small fraction of fines, approximately 20% < 0.125 mm. There is a 
significant concentration of carbonaceous minerals in Hanford 100 Area soils. 

Disposal Distances and Methods. The proposed disposal methods for 
Alternatives SS-4, SS-5, and SS-6 include both on-site and off-site disposal options. 
Vaults and trenches or pits are proposed for use at the Hanford 200 Area. The Hanford 
Barrier and RCRA multi-media cap are specified for use where appropriate to cap 
disposal sites. One RCRA landfill in the state of Oregon is currently being used for 
disposal of Hanford Site hazardous wastes. The NTS, which is approximately 1,000 
highway miles away from the Hanford Site, is one potential location for a DOE mixed 
waste disposal facility. 

5.3.4.4.2 Evaluation. Alternatives SS-4, SS-5, and SS-6 all involve excavation and 
removal of the soils and riverbank sediments. No waste treatment is specified. In 
general, reduction in the number of contaminated sites was advantageous. However, the 
waste remains untreated so the alternatives are less desirable than alternatives involving 
treatment. 

For Alternative SS-4, the short-term effects are given medium scores, reflecting 
significant exposures to operations personnel during excavation. The long-term effects 
are definite improvements over those of Alternatives SS-2 and SS-3 due to the improved 
disposal practices. The long-term effects are not scored high because there is no 
treatment to remove hazards associated with mobility and toxicity of contaminants. 

The waste is not modified in form, but because the cap provides some 
improvement in mobility, the reduction of mobility factor was scored in the low to 
medium range. 

The Alternative SS-4 system is relatively easy to construct using available 
equipment, so availability of services and specialized equipment factors were generally 
scored high. Constructability was scored somewhat lower due to the large volumes to .be 
removed and problems associated with excavation in a radioactive environment. 
Reliability was scored in the medium to high range because of the low activity 
environment and the relatively simple excavation medium. However, the alternative 
requires no long-term maintenance, so it scored in the medium to high range on that 
factor. 

Agency approval was given medium scores as it is better than Alternative SS-3, 
but all waste remains on-site and untreated (potentially not in compliance with the 
RCRA Land Disposal Restrictions) so public and agency acceptance may be difficult to 
acquire. 

The use of off-site disposal in Alternative SS-5 results in the removal of soils and 
riverbank sediments from the Hanford Site, but the scoring generally considered the 
extra transportation to be a negative factor. 
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Due to the transportation requirements, this alternative is scored in the low range 
for short-term effects. All soil and riverbank sediments are removed and shipped great 
distances. The alternative also assumes that an identified disposal site would have 
acceptable long-term effectiveness. An intermediate score was assigned to reduction in 
mobility because the waste is not changed in form but merely removed from the Hanford 
Site. 

Constructability, operational reliability, and maintenance were scored similarly to 
Alternative SS-4, with a minor reduction for the transportation factor. The improbability 
of identifying an off-site disposal area resulted in low scores for availability of services. 
Specialized equipment was given a medium score because of the problems associated 
with transporting the large volume of material. 

Agency approval was also scored low because of the public resistance expected at 
potential disposal sites and along the transport routes. The low score for cost reflects 
the cost of retrieval and transport to a remote location. 

Alternative SS-6 is similar to Alternative SS-4, except for the use of RCRA-type 
landfills at the Hanford Site. The addition of the RCRA permit, the associated landfill 
liners, and controls had a slight negative effect on the scores for maintenance and 
availability of services. All other scores are similar to, and explained in, the evaluation 
for Alternative SS-4. 

5.3.4.5 Alternatives SS-7, SS-8, and SS-9: In situ Treatment for Soil and Riverbank 
Sediments. 

5.3.4.5.1 Descriptions. Three alternatives are presented for the in situ treatment 
of soils and riverbank sediments general response action. 

Alternative SS-7: 

• Biological: Biodenitrification 
• Stabilization/Solidification: Vitrification 
• Physical Treatment: Steam stripping 
• Monitoring: 100 Area groundwater. 

Alternative SS-8 consists of a single treatment operation intended primarily for 
areas containing significant quantities of radioactive contamination: 

Alternative SS-8: 

• Stabilization/Solidification: Vitrification. 
• Monitoring: 100 Area groundwater. 

Alternative SS-9 closely resembles Alternative SS-7; however, vapor extraction is 
used for remediation of organic contamination instead of steam stripping. 
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Alternative SS-9: 

• Biological: Biodenitrification 
• Stabilization/Solidification: Vitrification 
• Physical Treatment: Vapor extraction. 
• Monitoring: 100 Area groundwater. 

Size and Configuration. A discussion of soil/sediment volumes is given in Section 
5.3.4.4.1. 

Alternatives SS-8, SS-9, SS-10 Unit Operations. Major unit operations required 
for in situ treatment of soils and riverbank sediments alternatives are discussed below. 

• In situ biodenitrification ( discussed previously for Alternative GW-4) 
reduces nitrates to elemental nitrogen. The denitrification process for 
contaminated soil follows the same reaction as for groundwater: 

• 

No -1 
3 

Bacterial Maabolic Prrx:e.ss 

The process requires injection of nutrients or bacteria culture into 
contaminated soils and riverbank sediments in order to enhance the 
denitrification process. 

In situ vitrification is proposed in Alternatives SS-7, SS-8, and SS-9 for 
stabilization and solidification of areas containing high amounts of 
radionuclide contamination. The in situ vitrification technique is well
suited for this application due to the homogenous (from a chemical 
perspective) nature of soils. Electrodes channel current to the soil which 
is resistively heated to temperatures in excess of the soil's melting point. 
The soil melts and retains contaminants, such as radionuclides (although 
lower molecular weight radionuclides may be volatile, and secondary 
treatment in the form of off-gas treatment is necessary) and heavy metals 
(some like mercury are volatile) within the melt zone. Residues generated 
from the off-gas treatment process would be prepared for disposal by 
stabilization and solidification. Backfilling of the site would be ne~essary 
due to subsidence during vitrification. 

• Alternative SS-7 would remediate soils and riverbank sediments 
contaminated with volatile and some semivolatile organics by in situ steam 
stripping. Steam is injected into the soils to volatilize organic 
contaminants which then percolate upward through the soil and are 
released to the atmosphere. 
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• Alternative SS-9 would use vapor extraction for the remediation of volatile 
organic contamination in soils. A vacuum is drawn on the soil inducing 
the volatilization of organic compounds which may be adsorbed on the 
surface of soil particles. 

Vapor extraction is commonly used in conjunction with carbon adsorption 
or incineration to treat the off-gas; direct venting to the atmosphere may 
also meet ARARs, depending on the contaminants and concentrations in 
the extracted vapor. 

Composition. The 100 Area Past Practice Site Cleanup and Restoration Conceptual 
Study (WHC 1991e) developed an approximation of the volume of contaminated soil at 
the Hanford 100 Area. The volume of riverbank sediments associated with the 100 Area 
operable units · has been approximated for the purposes of this feasibility study. While 
significant effort has been made to quantify the volume of soil and riverbank sediments 
potentially contaminated with radionuclides (refer to Table 5-5), there is not sufficient 
information to quantify the volume of organically contaminated material. However, it is 
expected that only a small fraction of the volume presented in Table· 5-5 is contaminated 
with organic materials, as Hanford records did not indicate handling or disposal of large 
quantities of organic materials. As is the case for Alternatives SW-7 and SW-8, waste 
treatment flow rates are not applicable for in situ treatment. 

Disposal Distances and Methods. The proposed disposal method for Alternatives 
SS-7, SS-8, and SS-9 is in situ with varying degrees of treatment for organic and nitrate 
contamination. Radioactive waste sites would be stabilized by vitrification to ensure that 
the potential for mobilization of this type of contamination is reduced. 

5.3.4.5.2 Evaluation. Alternative SS-7 proposed the use of three in situ treatment 
process options in order to provide long-term protection from the contaminants treated. 
However, the overall effectiveness is limited due to the limited application of the three 
options. 

The short-term effects of steam stripping organics into the environment limits the 
short-term protection factor evaluations to a medium score. Because the alternatives do 
not address all contaminants, the long-term protection scores are in the medium to high 
range. The reduction of mobility score is in this same range. 

The development status of these technologies results in medium scores for 
constructability, reliability, and maintenance. The same issue resulted in low to medium 
scores for availability of services and specialized equipment. 

Agency approval was given average scores, based on the development status and 
the possible release of organics to the environment. The cost fo r this process option is 
expected to be high and the resulting score is low. 
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The extensive use of in situ vitrification as part of Alternative SS-8 for areas of 
radioactive contamination is considered effective at destroying organic contamination 
while immobilizing most radionuclides and heavy metals. 

It scores only in the medium range for short-term protection because of concern 
over potential problems with off-gas control. It scores in the high range for long-term 
protection because of its permanence in reducing contaminant mobility. 

The developmental stage and complexity of in situ vitrification systems result in 
low to medium scores for constructability, reliability, service availability, and specialized 
equipment. It was assigned a medium score for agency approval, largely because of the 
uncertain development results. Costs are expected to be high. 

The use of vapor extraction in Alternative SS-9 to replace steam stripping of 
Alternative SS-7 has the benefit of capturing the organics instead of releasing them to 
the environment. Vapor extraction however, cannot remove semivolatiles, such as PCBs. 

The effectiveness factors, protection of health and the environment, and reduction 
of mobility, were all scored higher in Alternative SS-9 than in Alternative SS-7 based on 
the release of organics. The constructability and reliability factors were scored lower for 
this alternative because of the extensive collection system required for vapor extraction. 

Agency approval was thought to be somewhat more difficult for this alternative, 
due to the failure to address semivolatiles. 

5.3.4.6 Alternatives SS-10 and SS-11: Removal, Treatment, and Disposal Alternatives 
for Soil and Riverbank Sediments. 

S.3.4.6.1 Descriptions. Two alternatives have been developed for this general 
response action. 

Alternative SS-10: 

• Removal: Excavation 

• Thermal Treatment: 
Thermal desorption ( organic contamination) 

• Physical Treatment: 
Soil washing by attrition scrubbing (radionuclides adsorbed on soil 
particles) 

• Stabilization/ Solidification : 
Vitrification (residues from soil washing and off-gas treatment) 
(Stabilization/ solidification of bulk soils is not practical nor 
desirable on an aggregate basis because of potentially large waste 
volume increases. It will only be considered for applications 
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involving LDR constituents, but such considerations are appropriate 
for the focused feasibility studies. ) 

• On-Site Disposal: 
Vaults (high-activity radioactive and mixed waste) 
Trenches/pits (low-activity radioactive and mixed waste) 

• Capping: 
Hanford Barriers ( radioactive and mixed waste disposal sites). 

Alternative SS-11: 

• Removal: Excavation 

• Thermal Treatment: 
Thermal desorption (organic contamination) 

• Chemical Treatment: 
Soil washing by chemical leaching (radionuclides adsorbed on soil 
particles) 

• Stabilization/Solidification: 
Vitrification (soil washing and off-gas treatment residues) 

• On-Site Disposal: 
Vaults (high-activity radioactive and mixed waste) 

• Off-Site Disposal: 
RCRA Landfills (hazardous-only waste) 
DOE Facilities (low-activity radioactive and mixed waste). 

Size and Configuration. A discussion of soil / riverbank sediment volumes is given 
in Section 5.3.4.4.1. Process flow diagrams of N ternatives SS-10 and SS-11 are presented 
in Figures 5-11 and 5-12. Major unit operations for each alternative are discussed below. 

Alternative SS-10 Unit Operations. 

• Organically contaminated soils and riverbank sediments would be treated 
in a two-stage thermal desorber. The initial stage consists of an externally 
fired chamber in which organic compounds are vaporized. The vapors are 
then oxidized in a secondary combustion chamber, and off-gases are 
treated and vented to the atmosphere. Residues generated from the off
gas treatment process would be prepared fo r disposal by stabilization and 
solidification. 
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• Physical soil washing consists of a series of treatment operations. Initially, 
soils are classified by particle size using a power screen ( other types of 
equipment may also be appropriate). The purpose of this initial 
classification is to separate large particles (such as coarse sand, gravel, and 
rocks) from the finer-sized material (finer than about 200 mesh 
(0.075 rnm))(DOE-RL 1992a). Because of higher cation exchange 
capacity, the bulk of radionuclide and heavy metal contamination is 
preferentially adsorbed on the surfaces of smaller-sized soil particles. 
Larger soil particles are removed from the waste stream at this stage 
(provided that it is clean enough to meet remedial goals) and may be used 
as fill material. Physical soil washing is particularly suited to soils which 
are predominantly sand and gravel. This is the case for Hanford soils 
which are predominantly coarse granitic sands and gravels, with less than 
10% silts and clays. A high percentage of Hanford 100 Area material is of 
large particle size, therefore, physical soil washing is considered an 
effective volume reduction process (WHC 1990). 

• Next, the smaller-sized fraction of particles is taken from the power screen 
to a soil washing unit similar to a ball mill ( conceptual). The mill tumbles 
soil in the presence of a scrubber solution ( any of a number of solutions 
that enhance separation of contaminants from the bulk soil; surfactants are 
an example). The tumbling action causes particles to abrade the surfaces 

• 

• 

• 

• 

of other particles, stripping away surface contamination. This process is 
referred to as attrition scrubbing. 

A centrifuge ( other types of equipment may also be appropriate) is then 
used to separate contaminants, fines (resulting from attrition scrubbing), 
and scrubber solution from the relatively larger abraded soil particles. The 
cleaned abraded soil would be used as backfill material. 

Contaminated scrubber solution and fines are pumped to a rotating disk 
spray dryer for drying. A rotating disk spray dryer is best suited for this 
application, due to the high maintenance anticipated for other dryers 
(spray dryers using nozzles would require frequent replacement due to the 
nature of the feed; rotary dryers, for instance, tend to cake which leads to · 
difficulties in removing the material). Vapor from the dryer is condensed 
and recycled back to the attrition scrubbing process. 

The final unit operation is stabilization and solidification of dewatered 
fines in a vitrification unit. Glass frit or glass formers are added to the 
fines and melted in a joule-heated vitrification unit to form a dense, 
glassified waste form ( other reactors using other sources of heat, such as 
plasma torches, may also be appropriate ). 

Alternative SS-10 operations result in a glassified waste form requiring 
disposal. On-site vaults lqcated at the Hanford 200 Area are specified for 
disposal of high-activity radioactive and mixed wastes. The resulting 
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low-activity radioactive and mixed wastes would be placed in pits or 
trenches, which are also located in the 200 Area. 

• The Hanford Barrier would be used for closure of trenches and pits. 

Alternative SS-11 Unit Operations. Figure 5-12 is a conceptual process flow 
diagram representing major unit operations of Alternative SS-11. Each unit operation 
unique to the Alternative SS-11 remediation process is discussed below. 

• A thermal desorber is specified for treatment of organically contaminated 
soils and riverbank sediments. See discussion under Alternative SS-10. 

• Chemical soil washing consists of a series of operations designed to 
chemically dissolve contaminants adsorbed on the surfaces of soil particles. 
The following discussion presents a simplified series of unit operations that 
may be used to chemically remove surface contamination. 

• A lixiviant ( or mixture of lixiviants) is added to the soil in a stirred tank 
reactor. Lixiviants are compounds that facilitate dissolution of 
contaminants, including chelators, by chemically bonding to species such as 
radionuclides, thus forming soluble complexes. Lixiviation is intended to 
strip adsorbed contaminants from soils into solution. Lixiviants such as 

• 

ethylenediaminetetraacetic acid (EDTA), which is a common chelator, may 
be used for this purpose, but it should be noted that lixiviants are 
contaminant-specific, and more than one would be required to remove 
multiple contaminants. Additional stirred tank reactors may be necessary 
for removal of multiple contaminants. If multiple reactors are required, 
washing steps would be necessary between reactors. 

Following lixiviant treatment, a clarifier is used to separate soils from the 
treatment liquid. The liquid is pumped to an evaporator where 
contaminants are concentrated prior to drying ( discussed below), and the 
soil is sent to another stirred tank reactor. 

• Acid solution is added to the soil in the second stirred tank reactor. Most 
radionuclides and heavy metals would go into solution at low pH. At this 
stage of the process all remaining contaminants are dissolved, leaving 
clean soil. 

• The second clarifier separates clean (but acidified) soil from the acid 
solution containing contaminants. The clean soil may be discharged for 
use as backfill (following neutralization). The liquid solution is first 
neutralized in a stirred tank reactor and then concentrated in an 
evaporator. 
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• A fluidized bed dryer is used to remove water from evaporator 
concentrates in preparation for stabilization and solidification. The 
fluidized bed consists of dry concentrates. Effluent from the evaporation is · 
introduced into the fluidized bed dryer where all moisture is removed. 
The fluidized bed dryer is preferred for this application because of its 
reliability in a similar application at Idaho Chemical Waste Processing 
Plant. 

• The final unit operation is stabilization and solidification of dry 
concentrates in a vitrification unit. Glass frit and glass formers are added 
to the fines and melted in a joule-heated vitrification unit to form a dense, 
glassified waste form ( other reactors using other sources of heat, such as 
plasma torches may also be appropriate) . 

• Alternative SS-11 operations result in a glassified waste form requiring 
disposal. On-site vaults located at the Hanford 200 Area are specified for 
disposal of high-activity radioactive and mixed wastes. Low-activity 
radioactive and mixed wastes would be sent to other DOE facilities for 
disposal. Wastes which have been identified as hazardous-only at the 
excavation phase would be sent off-site for disposal at a RCRA landfill. 

Flow Rates and Composition. Refer to the discussion in Section 5.3.4.4.1. 

Disposal Distances and Methods. The proposed disposal method for any high
activity radioactive and mixed waste in both alternatives is on-site disposal in vaults at 
the 200 Area. Wastes result from vitrification of soil washing and off-gas treatment 
residues. On-site trenches or pits are proposed for low-activity radioactive and mixed 
waste in Alternative SS-10; an off-site disposal option has been specified for low-activity 
radioactive and mixed waste (disposal at a DOE facili ty) and hazardous-only wastes 
(RCRA landfill) in Alternative SS-11. The NTS is one potential location for a low level 
mixed waste disposal facility. NTS is approximately 1,000 highway miles away from the 
Hanford Site. A facility in the State of Oregon currently accepts Hanford hazardous 
wastes. 

The Hanford Barrier is specified for use where appropriate to close trenches and 
pits in the 200 Area. 

5.3.4.6.2 Evaluation. In Alternative SS-10, excavation and complex treatment for 
all contaminants, and disposal on-site in vaults, pits, and trenches provides a total 
solution to the contaminated soils and riverbank sediments problems. It does so at the 
expense of needs for high amounts of material handling and high cost. 

The short-term effectiveness of these alternatives is similar to the solid waste 
excavation alternatives. Average scores were assigned to account for the risks of 
handling and processing. The long-term effectiveness is scored high because of the 
stable waste form in a single disposal facility . 

5-44 



-

DOE\RL-92-1 1 
Draft B 

Since the systems are reasonably well developed, but very large systems would be 
required, only medium scores were assigned to constructability and reliability. Similar 
scores _apply to availability of services and specialized equipment for the same reason. 

Average scores were assigned to agency approval to account for the excellent 
waste form and also for the difficulty in permitting the complex processes. Obviously, 
the complex system is costly. 

Alternative SS-11, like Alternative SS-10, is a complex ex situ processing system 
for soils and riverbank sediments. This alternative differs from Alternative SS-10 
primarily in the area related to disposal and in the use of chemical soil washing as 
opposed to physical soil washing. The on-site disposal of Alternative SS-10 was 
responsible for its higher score relative to Alternative SS-11 which relies on off-site 
disposal for the low-activity radioactive and mixed waste. The transportation of large 
volumes of waste over many miles to off-site disposal facilities raises issues of safety, 
questionable public acceptance, and potentially very high costs. 

5.3.5 Summary of Alternatives Evaluation 

The scoring rationale for each alternative (by general response action) is 
discussed in evaluation sections presented previously. Figures 5-13, 5-14, and 5-15 
present average project team scores for each evaluation factor and weighted, normalized 
scores for effectiveness, implementability, and cost criteria. The sum of weighted, 
normalized scores represents the composite evaluation score of each alternative. The 
standard deviation of each composite score is also presented as a relative indication of 
the uncertainty associated with scoring a particular alternative: a large standard 
deviation is indicative of varied opinions by the nine member project team concerning 
how the alternative should be scored. A small standard deviation, on the other hand, 
reflects a better consensus among the nine project team members. 

The guidance document (EPA 1988a) directs that the effectiveness criterion 
should be weighted more heavily than implementability and cost criteria. For the 
purposes of this feasibility study, this was accomplished by first normalizing the sum of 
individual factors for each criterion to 100 (for example, a total of "25" is possible for the 
five factors (See Figure 5-13) considered for evaluating effectiveness; the effectiveness 
score is normalized by multiplying the new score by 4 ), and then by weighting 
(multiplying by !3- weighting factor). The project team weighted evaluation criteria are as 
follows: 

Weight 

• 
• 
• 

Effectiveness 
Implementability 
Cost 

Total 

0.6 
0.3 
0.1 

1.0 
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The development of alternatives is based on the classes of contaminants (i.e., 
organics, metals, and radionuclides) and generalized conditions of all 100 Area operable 
units. Because protection of human health and the environment is the principal goal of 
remedial actions, the major focus of the screening is on the effectiveness of an 
alternative to meet RAOs . . Therefore, effectiveness is given a high weighting factor in 
comparison to implementability and cost. After effectiveness, implementability is the 
next most important consideration and is given the second highest weighting factor. At 
this phase of the FS process, site-specific cost information is limited. Costs are relative 
and serve as comparisons between alternatives which are similar in effectiveness and 
implementability. Costs will be more fully defined during detailed analysis (focused 
feasibility studies), when individual sites are considered along with their specific 
conditions, waste volumes and types, and contaminants. 

The decision to discard alternatives at this point is made on the basis of retaining 
a broad range of GRAs for detailed analysis. This is deemed necessary for this 
particular feasibility study due to an incomplete set of input parameters that are 
specified in the guidance document for traditional feasibility studies. Alternatives 
recommended for consideration at the detailed analysis/focused feasibility study levels 
cover the spectrum of all potential remedial actions from "no action" (which would be 
applicable only if a risk assessment indicates acceptability of such an approach) to 
removal, treatment, and disposal actions, which reduce uncertainty and risk but at a high 
cost. 

Based on composite scores, the following alternatives are considered 
representative of various GRAs for future evaluations that will be made during Hanford 
100 Area operable unit focused feasibility studies. Note that "no action" Alternatives 
SW-1, GW-1, and SS-1 are retained at this point to serve as a baseline (per the NCP) for 
comparative purposes and for evaluation from the risk assessment standpoint at some 
future time. The retained alternatives may serve as a baseline from which to evaluate 
the future impact of site characterization data and risk assessment results. It should also 
be stressed that alternatives (and technologies) that are not retained may be revisited as 
new information warrants, in accordance with FS guidance. 

While the CERCIA Phase I/ II FS process provides a rational basis for 
developing and screening remedial alternatives, it is very important to note that all this is 
done in the absence of a baseline risk assessment to comprehensively evaluate the 
inherent risks posed by the contamination. Th.e baseline risk assessment will be a part of 
future studies. The Phase I/II process also does not allow much consideration of cost. 
Thus, the true cost/risk reduction benefit of each alternative has not been evaluated or 
even considered. This is an essential element in the ultimate decision-making process. 
While protection of human health and the environment is of utmost importance, the final 
remedial solutions must be found to be cost effective in view of their benefit to true risk 
reduction. 

5.3.5.1 Solid Waste. Composite scores fo r Alternatives SW-1 through SW-10 range from 
54.6 (no action) to 65.4 for Alternative SW-9 (a removal , treatment, and disposal 
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alternative). Table 5-6 presents the solid waste alternatives retained for future analysis 
and the rationale for dropping alternatives from consideration at this time 

The alternatives retained represent all GRAs. One representative alternative for 
each general response action has been retained for future evaluation. 

5.3.5.2 Groundwater. Composite scores for groundwater alternatives range from a low 
of 52.2 for Alternative GW-1 to a high of 71.9 for Alternative GW-6 (a removal, 
treatment, and disposal action). Table 5-7 presents the groundwater alternatives 
recommended for future analysis and the rationale for not considering other alternatives 
further. 

The spread in scores indicates that project team members were better able to 
make assessments concerning groundwater alternatives than had been the case for solid 
waste. Both removal, treatment, and disposal alternatives are recommended for detailed 
analysis due to the unique treatment approach taken in each case. An in situ treatment 
approach is also 
retained to maintain a range of different levels of remedial action and potentially for use 
in combination with alternatives for other media. 

5.3.5.3 Soils and Riverbank Sediments. Composite scores for soils and riverbank 
sediments alternatives range from a low of 55.4 for Alternative SS-1 (no action) to a high 
of 67.4 for Alternative SS-10 (a removal, treatment, and disposal alternative). Table 5-8 
presents the soil and riverbank sediments alternatives recommended for future analysis, 
and a rationale for a recommendation of not considering other alternatives is discussed 
below. 

The alt(?rnatives retained include the entire range of possible GRAs that may be 
taken for Hanford 100 Area soils and riverbank sediments. All alternatives retained 
represent technologies and process options considered the best choices as a result of 
screening activities. 

5.3.5.4 Potential Future Innovative Technology Applications. In Phase I (Section 4.0) of 
this FS, a number of innovative technologies were screened out for lack of demonstrated 
implementability and/or effectiveness. CERCLA FS guidance specifies that innovative 
remedial approaches be considered where use of such technologies off er cost or 
performance (effectiveness) advantages over more traditional approaches. However, 
many of these · technologies which were screened out, while promising in theory, have not 
yet undergone sufficient development to prove their overall viability in site remediation 
applications. Many of these technologies are currently in some stage of development 
and most of these are probably some years away before development efforts come to 
fruition. The purpose of this section is to provide recommendations of specific 
innovative technologies whose development progress should be monitored. Performance 
data obtained from the development efforts may be then used in future feasibility studies 
in an iterative fashion to assess the conclusions arrived at during Phase I of this FS. 
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The technologies discussed below are specifically identified for monitoring of 
development progress based in part on technical comments received from reviewers to 
this document. This list is not necessarily all inclusive and others may be added as 
additional evaluations are performed. 

Electro-kinetic Separation. (See Appendix C, Section 2.10.4) Electro-kinetic 
separation is an in situ physical treatment method used to enhance separation of 
adsorbed contaminants on saturated sediments using charged electrodes placed within 
the contaminated aquifer. Development on a laboratory scale has shown promising 
results. Significant research work is being conducted at Sandia National Laboratories 
and elsewhere. 

In Situ Chemical Precipitation. (See Appendix C, Section 2.11.1) The application 
of precipitation reagents in situ may be applied to immobilize contaminants in 
groundwater and saturated sediments as an alternative to pump and treat technologies. 
Limited ex situ laboratory and bench studies have been performed. Much development 
work would be needed to demonstrate in situ application. The principal difficulties of in 
situ application are attaining adequate mixing and distribution of chemical reagents. 

Lixiviant Extraction. (See Appendix C, Section 2.7.4) Lixiviant extraction 
involves the introduction of chemical reagents to contaminated saturated sediments for 
removal of adsorbed contaminants so as to enhance the effectiveness of pump and treat 
systems. Lixiviants have been developed for solution mining of uranium. Lixiviants for 
site remediation applications require all phases of development and demonstration. 

In Situ Vitrification/Grouting of Compacted Waste Forms. (See Appendix C, 
Section 1.10.3 and Section 1.10.1) These technologies are potentially applicable for use in 
stabilizing compacted waste for subsidence control in 200 Area burial trenches, an 
important aspect for the Hanford Barrier application. Development work and field 
demonstrations are needed to prove viability and generate performance data. · 

Supported Liquid Membranes. (See Appendix C, Section 2.13.15) Supported 
liquid membrane filtration is a process option similar in many respects to reverse 
osmosis and ultrafiltration. The key difference involves the use of carrier molecules in 
the supported liquid membrane for transport of contaminants out of groundwater into a 
concentrated liquor. The process has potential cost advantages relative to reverse 
osmosis. Some laboratory and bench scale testing has been done on Hanford 
groundwater for uranium, technetium, and chromium removal. Pilot scale demonstration 
is scheduled for FY 1994. 

Biological Barriers. (See Appendix C, Section 1.5.5) Biological barriers are 
created by the accumulation of biomass to provide a barrier against migration of 
contamination. Maintaining stable barriers has not been demonstrated. The biological 
barrier is in the conceptual stage with much development work needed to prove its 
viability. 
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Biosorption. (See Appendix C, Section 2. 12.3 ). The biosorption process is similar 
to ion exchange. Resins containing treated algae have been tested for removal of 
uranium. Additional testing may identify resins which are capable of removing 
additional contaminants. 
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Cryogeric Walls 

Vlbllcaloo 

SlunyWah 

Grldng 

Ravagetala, 

Fencing 

Dll<id R1111rldlcns 

... A_~lll:Baaed c:<,vara 

. SoiVClay-Based Coiare 

RCRA .ul-Madlt CAp1 

Hanford Bamara 

SlunyWelll 

Grrut Cur1Alr. 

Gradng 

Revegetala, 

Ntemal'lt SW-2: 
Fencing and Dll<id Rasttdcns 

Sped1ed for Altemalv&1 SW-3, SW--4, SW-6, 
SW-7, SN-8, SW-Q, SW-10 

Ntemal'lt SW-3: 
Hanford Ban11lr& 
RCRA .ul-Meda Caps 
llveral~ecton, Grldng, and 
Rewgetala, 

--, 
-

"'11 -· ~ 
ri 
tit 
I 

""" . 
i 
< 
~ 

0 
'0 a 
~ = -0 .... 
~ 

e, - 0 
~ e, ~ a ~ ~ cg -.... I 

< t:c \0 
~ N 
{I) I ....... 
o' ....... ., 
~ -.... i:i.. 

~ 
cg 
{I) -~ 
,-._ 

"ti 
Q:) 

IJQ 
~ 
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~ 

Solidw .... Identify Procea OptloM ,nd Evalu•• Prrx:ua OptioM B,Nd Combine Info Ahmlliv• -· 1-m.dial Action Identify ~ 
Objectiv• G«,er,/ Re,pona TKhnologiH 

ScrNn Techno/ogiNIOptio,,., on Elfectlv-a, lnatitution,/ S.lttded R,p,-t,tlv9 :; ActJo,,. Bued on Technk,/ Implementability lmplem.nt,bility and Ret,tive Co,t P- for Affected IHdi, 
UI 

Hanton! Banl111 
I 

~ RCRA U -Mt<11 C1p1 
For Human Health: 

A1181111fw SW-4: ~ 
Elcavlioo Eicavdoo 

Eicav1loo and Damoltlon 
Prevent lngesim'<lrect cai1at1 will VllillWldT~ < 
ldld WUIAI hi~ 1n 8XC811 cancer Removal Removal H1nlord Bamt11 

t'D 
rllk ol 1tt4 to 1 , orra<laion Demalloo Demdlloo 0 
dosea In excess a 2!i mrem/ytar. llsposli RCRA Mld-Ml<l1 Caps 

'C a 
t'D 

Prevent lmalaion a con1amlnanll T rondlull'l1a T renchu,PIII Altemdve SW-6: = .... 
a an::tm ~l an exceu cancer Vaull V1llta Eicav1ioo and Demolltlon 0 
rlsl< ol 10., 10 , a ra<lorudldea In ().Site RCRA Landllll 1nd OOE 1l5Poui Fadlllea .... 
cx:ncantrda-. resulting In OONI 
W9llir llln 25 IMIIIV)'Olr. 

O,p011I Timu TumJua ~ 0 
RCRA Typa undftlla RCRA T ypt Llncllb .... 0 

UI 
t'D 0~ 

'T1 
Hanlon! Banle11 :I 

I RCRA IUI-Mt<la Cap1 ra:i g,~ ...... For Environmental Protection: Q" A118mat,,e SW-6: 
.... 

RCRA Llndtlil RCRAl.Andlll1 -· I 

Eicav1loo and Oemoiltloo < ttl \0 
Oft-Slli t'D N 

Prtvenl tr06loo a &did waste flat OllpOOII OOE llspoul F1dlll01 V1llta and RCRA Type undllla c,, I 

wrud COl1tribul8 to surlace water H1nlord Bame" ....... 
cx:ncantrlions g,uter flan flt Godoglc Repo111atu RCRA Mul-Ml<l1 Capa o' ....... 
11Andanl1 IOI chlmlcals In surface 

., 
water hted n Appendx B. 

Hanfon1Banle11 ~ 
RCRA M.JIII-Mt<la Capa -Grwlrjectoo 

.... 
Q. 

Prevent release a cmsib.Jtnli to A11811111vt SW-7: 
g,o.mwater flit wrud resul In In SI\J Stablllzalorv V\b11tlon Aided Groii lnjectloo Vlbf1lon Aided Grwt lrjtctloo ~ cx:ncantraions In exceu ol '11 Treament Scllctlcaion Vltrtflcaion °'1'Jamlc Cal1>ldloo 
cx:ncantraia-. Isled In Appen<lx B, Hanford Banlt" 

~ 
c,, 

or above btd<gn:und conaintrllcn Dynamic Ca11>act1on RCRA Mt'11-M1<11 Capa .... 
lsted In Tabin B1 - B10 and t'D 
Appen<lxA. Hanford Banl111 

,-

RCRA l,lJII-Mt<l1 Capt ""0 
Q:l 

Anem1lve SW-8: ~ 
Vlbralon Aided Grwt lrjectlon N 
Hanlotd Banle" 
RCRA t.UII-Ml<l1 Capa 0 .... 

~ .._,, 



Remedial Action 
Ob}«livN 

For Human Health: 

Prevent lngesloo/clred cmtad wtll 
tald wuta ha wig an exc111 cancer 
rilk a 10·• to 10-C: or raclalon 
dole• tn exceu a 25 mrem/yaar. 

Prevent lmalalco a c:ontaminanll 
a concem posing an exceu canctr 
n5k a to-• lo 10-1. or raclorudlde1 In 
a:rocentraacoa reSl.ftlng In dole• 
i,tater flan 25 mremyur. 

·-·· 

For Environmental Protection: 

Prevent el'06iori a sclld wasta flat 
wcud caitriluta to airtac, watar 
a:rocentralcoa greater flan Ile 
atandards for cllemlcaJ1 In 1urface 
watar Mstad In Appenclx B. 

Prevent rele.st a coosluinll to 
growdwatar flat wcud reaiR In 
a:rocentralcoa In excesa a Ile 
a:rocentralcoa Isled In Appenclx B. 
or at>o,e bacl<i,o.nl coocentralcn 
lated In Tablet B1 . B10 and 
AppenclxA. 

LEGEND 

-~f;l 
Shaded Box: 
Ttctnology., P,OOI .. 
oplion ii aaoonod tom 
...... con,icl,nlon 

Nc:n-thadod Boa: 
Ttctnology., proct .. 
option ii rollrood 11 
Iii la'HIWltl 111(11 

SolidW•te 
Gen«,,/ Re,ponN 

Actio,. 

Identity 
T «hnolog•• 

Removal f----l RamOYal 

lf'tl'111111 I--

[lapoul ... 

H Thermal 
Trealnirl 

Stabllzalav 

9313019 . .158" 

Identify Proceu Optio,. Md 
SclNII TechnologlNIOplio,., 

Bu«/ on Technic•I lmplementllbility 

Evaluate Proce" Optio,. B•s«I 
on Elfectiv_.., lnstitutloMI 

lny,lementllbility Md Relative Co.t 

Excavallon Excavaloo 

D1moH<11 Oemdllori 

- ThlnnalDeso,pllon - Thermal Oeso,ploo 

.... lndneradori ,__ lndneraloo 

~L- Pfrdyll• - Pyrolpil 

.... Metal Mel1ng ,__ j~J. . . Metal Meltn!! ... ... r~f ... Molten Sdldl Procnltlg -~~iffl Malen Solidi Processing Hf 

- Blunan-&led ,__ Bttllll8n-&sed 

Cement-&aed '-- Cement-&sed H 1- L-Sdldftcalco L- Polymer-&aed '-- Pdymer-&std 

... Vltrtflcadoo ,__ Vltrillcdori 

- Size Rewclori ,__ Size Reductal 

H Rl~CII 1-~ Segregaloo/Sorlng '--dii Segregalorv'Sortlng Im' 
Tre bnn Repaci<•~ - Rapadla" 

L. Metal Decoruminll<ll '-- Mil Metal Decatamn .. <11 1m: 

y Chemical ~ 
Chemcal Oiddaloo - Jfl Chemical Oiddalco .:>.:: .. . . ..... .. 

Tr11bnn Add Dtge1lori f:Mil Addlll1!89d<11 
, ' 

Hydrdyllt '-- Hydrdyllt 

- T renctoea/Pt11 '-- T rendleSIPl1I 

H On-Sita ~= VIUIII ,__ VaLIII 
Dlspoul TurnJUI - ili@ Tllllll111 t$,; 

.... RCRA Typt L.andlll '-- RCRA Type Llndlb -

}-f 
RCRA Llndlll1 - RCRA landtll y OIi-Site DOE Dl&p01&I FIClllea -- DOE Dlsp05al Fadlllt1 Dl&po&II 

Ged(9(:Rt~ ,__ m~ Gedoglc R800lltodea g®: 

'ii 

Comb/,- Into AllerMlivH 
S./ed,d Rep-nt.tlve 

Pro-. for Att.cted ll«li• 

Hanford &ntera 

Altamalvl SW-8: 
Excav1l<11 and Oemall<11 
Thermal Oeso,pl<ll 
Cemn-ba1ed 
Size Reductal 
VIUII and T renchea/Pt11 
Hanlor'd &rrtera 

, - Hanlotd Bantera 

\ Altamalve SW-10: 
Excaval<ll and Demcillon 
lndneral<ll 
111\Jntn.bued 
Vauta and Tr1na111A'tll 
Hanlor'd&ntera 

"Tl -· ~ 
ti 
<II 
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< 
tD 
0 

"Cl a 
tD = .... 
0 ..., 
t t:) 
.... 0 
tD t:) ~ 
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< to \0 
tD N 
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Remedial Action Groundw1"'1 Identity 
Identify P-. Optlo• and Ev1lu1t, P-. Opllo• Ba•d Combtn, Into AllemalN• "'!'j 

Object/we G.,.,,JRNponN T ei;hnologiN 
SctNn T edulologlea'Optlo,_, on EffKtlve,..., ln,titullonal Selected ,,.,,,_,.,1ve -· 

Actlo• Bued on T echnlcal l"f'l,meiabilily kry,t«nentabilily and Rel.UV. Co.t P-- for AffeclMI lledia ~ ; 
VI 

For Human Health: I 

H H 
~ 

No H Pmert lnge5Uon a water wt'1 Aclon None Na Applicable Na Appllcablt AJ18rnalw GW-1: 

cardnogen ar1centralonl In exa111 
NoAdal i a MCI.I Appencb B Ind a tllal 

excea cancer risk tor alt a:ntlllinlnll ~ a greater flan 1~ to 10-4. 
nsllJ11<Jlll ACC8SI Water Rlg11 Rntrk:tlcn Water Rlgill Rnlllcl<n -0 

Aclona R111llctlons '0 
Deed R11trldlon1 Deed Restrtdlcn a 

Prevert lngodon a water will ~ 

a:nlarrinlrt cooc«llrati<n In HC8U 
r:s 

a MCI.I, or reference do&e1, or bad<-
Al1imatw GW-2: -

~ cmcertralona, u p181ented Wtl-Pati Maitorlng Water Rlghll 1nd Deed ResMctlona 0 
Apperrlx B. Mailoring Grrundwater Maittollng .... 

Gtwldwater Morlb1ng GIOUldwater Malltoong Cokmll1Rlvtr it t1 - 0 
Pm ert ~ esUai a water wlti Iola! 

~ 

~~ UI radl<J1Jd e ar1central<n ht :I 
"T'.1 waJd result In a racloaclw lllpOIUl'I Alternate Cdunbl1Rlvtr : Cdunbla River Jg 

I ~~ 
N doH 1n excea a • nnm1year. Water &Jwly -Extenak:n a Nealby Sourtea -· ~ 

DewlC4>ment a Neelby Srurtea < I 

t:c \0 ~ 
{I} N 

I 

For Environmental Protection: o' 
,._. 

Gnu lrjecton Grrulnjectlon . 
,._. .., 

Pmert baselow ~• to the 
Cryogenic Walla Cryogeric Wala Ci 

C<unbia River a II a:ntlllinlrta 11 Vlllflcatlon 8 
cmcertralons flit wa.Jd exceed c:: 
ctv1nc ::Juatlc cmcentrala-. 
prewot In Appenclx B. 

r:s 
0,, 

SbryWlla Skmy Walla ~ 
Jg 

Reslore g,wndwater ~ to GnuQ11t1ln1 Grout Curtain, -~ 
bad<glWld concantra a-. for al Contalrrnwt Ver1cal 

.., 
a:ntaninarta =nled In T eb111 Aclaia Blnle11 Sheet Pllingl Cryogenic Wala AJ18matw GW-3: ,-._ 

B1 · B10 end c1x A. Cryogenic Walla SunyWall ""0 
Extraclon Wells Jg 

Bla~cat Bante11 ~ 
~ 

0 
ExtradlonWelll Ext!acllon WIiia 

'=c 
.... 

Extracllon D111na/'T IWlchll Extraclon Dralna/T ninchel "" __, 
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'Tl -· 
Gtoundw.,_, Identify Proc.u Optio,,. and Eva/uat, PtoeaN Optlo,_ Ba•d ColfWJine into AlternativH ~ 

/M,mdll,I Action 
General Reepon. 

Identify Sctwn TKhnologlut'OptioM, on Effective,..., lnatltutlonal Selected Rep-ntatlve ; 
Objectiwa 

Action• 
Tec:hnoiog• Bu«/ on Technical 1,,.,i.,,,.ntability l"f'/e,mntablllty and #Wat/va Coat Pr-•lor Affected Media VI 

I 

t.J 
For Human Heallh: k i .,.,................. I < 

~ 
carcinogen CXlllC8rllrltlcQ In exceaa -0 d I.Cl.I Appwdx B and a till Exlracllm Weill Exlracllm Weill '0 UCHi canair nail lor al ca1tamlnlllll 
d gr111ter toan 10-' ID 1~. Extradla, Oran/T rn:hn Extradlm OlllnllT rendlea e 

Grrunct;,at,r ~ 
Exlnlc:tloo 

A~rlolnlng A~rMnlng ::s -lbdwuw Exlrldl<Jl l.biManl Ex1r1dloo 0 Pr&Vonl lnge1lon d walir wit, 
a:ntami1111 an:el1ill<lll In UC8II .... 
c1 I.Cl.I, OI rilerence dose 1, or bid!- it t:l 
iWld ca1awinll<J11, u p,91onted 

~ 0 Appendix B. Deepwll lrjoclon Deepwlll 111tdlon 
t:l ~ Vl 

I 
; 

'Tl Wastewator Ab011e-Alilolw-Orwnd T lfQ AbOlle-Alolow-Orwnd T lfQ fil, ~ I IJl1poul I:) 
N P1evonl lnrclon cf WI tar wit, tall Evapcntim Pal<II Evapot1l<J1 Pal<II -O" -· I 

radcr,u:jt CXlllC8rlbltia,s 1111 < t:c '-0 wcud relUI In a radloactw expoan ~ 
{I) N 

doll In eiu:eu ol 4 mnim/yeu. I 

c' ....... 
Blaoglcal Etlhlnoad Grrundw1ter Bknmedl1la, Erhlnoad Grrundw1t11 Blori1118<.lalon -.., 
Trednert Blodlln1Jltcalm Blodllr1lltllcllm Gi 

For Environmental Protection: II Allemalw GN •: 
Bloderltr11calon 

.., 
0 

Air Slnppng C .,.., .................... 1 Air SlrWlng /.Ji Slltpplng In Sh.I Chimc.11 Predpttaaon ::s 
Cdurrilla Rlvtr of al ca1tarnn1111 al 0-
C<JlC80lralcn toat 11wld uceld Physical Pemubla T tMment Bedl Pemuble TrMlmlnl Bedl ~ 
chraic 1<µ1lc an:entralooa fl) 
prwenlid In Awen<lx B. 

Tn,1tnw1t VaporElllr1dlm VaporElllrldlm -~ 
Eledn>Klnelc Slplr•lon EJedro.Klnelc Slplralon 

., 
,-._ 

R11toni gromdwawr ~ ID I 4'-~~~ "'tl 
badlgrwld an:entra Clll lor al Cl,) 

cartamlnanla ~..,..d In T ablH In Sh.I Oterncal Pr9cipltal<ll r-WE~.~~r.~:~~:• ~ B1 • B10 and n<1x A. 
N 
0 .... 
~ .._, 



~n»dial Aclion 
Obj,divN 

For Human Health: 

Prevent logeilai ol water wlt1 
aira,ogen cmaimalona In uceu 
ol MCLJ Appowdx 8 and a kUI 
axceu cancer rlak tor al cx:rtarrinanll 
ol gr111trthan to-< to tlt4. 

Pnwont 1og .. 1ai cA water wttl 
cx:rtarrinart concenll'IU<n In oxcau 
cA MCLJ, or 19ference do&ea, or badt-
1101Td ccnc8nlral<n, U p19S&nt&d 
il Apperdx 8. 

Prevent lng&dCJl ol waler wlt1 kUI 
111ditrudld'o CC11C8n111lona ht 
wrud 19ault In a 11<loactY1 tllpOSU19 
dose In axc&SI ol 4 IIV'tm'yoar. 

For Environmental Protection: 

P19Vtnl ba wlow oonlr1lllAIClla kl 1ht 
CdlJTlbla Rlwr cA .. cx:rtarrinanll al 
cx:n:entralCJll flat wwd exceed 
dvtrlc aquallc ccnc8nlrd<n 
pruned In Appenclx 8. 

Rtllo19 g!Wldwaltr quality to 
bad<grruid concenlrll<n tor al 
cx:rtlll'lrWD p1858nl8d In T abl11 
81 • 810 and Appen<lx A. 

9313019 .. 159" 

Groundw,w 
Gene11/ IIHpoflN 

ActJoM 

Identify 
Technologie• 

/dently p,_,. Opl/oM and 
Sc,- TechnologlNIOptlone, 

B•Nd on Technk,/ lmpi.n»nability 

Evaluate Pro- Oplion, BIHd 
on E/fectJv_.., ln,tttutlonal 

lmp•n»nllbility 111d R,l,tiv• Co,t 

- Ex!rlclai Wela - Extrldlon Wtlla 

~ Grwndw11tr ~ .,_ Extiactai Orlllna/T IWldlll - E.xlraclai Orllna/T n1nctu,e 
RelllO\lal ExlractCJl l$ ... ... l it - Aqlitlrloloog - A~•~ Mlrirlg_ 

Tl9amant - - l.blMant ExtlactCJl f---m l.bd'llant Extiactai "fl 
Dlap011I 

}-f 
Bloreacto11 - BI0191cton 

H Blooglcal Bloderltrtlcadai ---- Elodenlllflc.lon f19abnenl 

BIOIOIJ)lai ---- till 81060rpUai itM 

- kn Exchange - Ion E.xctlange 

- Evapor1tcn: Plsaive - i\¼l Evapordon: Pu$1vt 1f t: 
- Media Fltralai - Meda Allrllai 

- Flocx:udCll - Aocx:uaaon 

- Caitm Adaorplai - Carbai Adlo,plon 

- Air Slrlpplng - AlrSlllppi'lg 

- Reve11t OlmOllla - Reve111 Osmo&la 

~ f'hyslcal ~- lJttralitl91CJl - Uttraltl111lon Tl9ltmenl 
..... Btdrodlaiylll - t~ Eledrochlylll @i 
..... Dluolwd Air Fkulai - f,f Dlaaolvtd Air Floldon ~}ti 
..... S.drnentalon - 11 Sedmerillai @ · 

.. 

I< ..... Sltam Slrtpplng - Slaam 51rl>plng - Evaporllai: FOl'OCld - Evaporatcn: Forced 

,- F11tn CrystalllzalCll - tffl .. _ Free~.C~l~_•ai. ... t:W - 5i.worlld Uqud Mtrrbrant ~ &JOOOrtad Uq.jd Memb11ne .. Eiili 
Contkluad 

I 
I 

Combine Into A/t,mativ• 
Selected ,,.,,,._,.live 

p--, for A«.cted lledia 

t Sptctfltd tor GW-i 

~ 
-Vdl 
--- T llflChll..1llll (lrdu<lng Cap) 
--- SIS 

\ 

~ 
AlllrnatvtGW-5: 

Exlnclai Well 
Blodtrltrtblai 
a.l!icll OJddalCll 
Pllq>ltltlCJl 
a.l!icll Re<iJcllai 
Ctmert-bu&d SIS 
Mt<la Fltrllai 

I 
lonExclw,ge 
VIIJII 
T llflChll..1'III (lndudi'lg Cap) 
Rtlrjeclal Into ACJJller 

- Rei'ljectCJl i'lkl A<JJHer 
--- Chtllical OlddalCll 
--- P11q>llalCJl 
- Chtmcal ReciJclon 

~ -· ~ 
n! 
(It 
I 

~ 

i 
< 
It> 
0 
'0 a 
It> 
::s ... 
0 .... 
~ t, ... 0 It> 

t, ~ a 
~ g, ~ ... 
<' I 

It> tc '-D 
r,, N 

I 

o' ...... ...... ., 
C'} ., 
0 
C 
= 0. 
~ 
~ ... 
l't> ., 
,__ 
""0 
~ 

(JCl 
l't> 

c...i 

0 .... 
~ ._, 
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R.f119dial Aclion Groundwat« k»ntity 
Identity Proc.• Opt/oM md Evatu,te Pro~• OplioM BINd ComblM lnlo Altern,tlv• 

Genet1I ReaponN Sc,- Technolog/ea/Optiona, on EltecU-.., tn.litutlonal S.llct.d ,,,,,,._,,,live 
Objectiw• 

Action, TechnologiH BaNd on Technic,I tmpt,,,,.nt,bility lmpt.,,,.nflblllty md R,1.ttlv• Co•t P,- for Att.cted ,,_dia 
~ -· 

For Human Health: ~ 
~ 

l'lmlnt tngedoo a water wit\ "" I 
carti'logen CX11C811ra•oo• In IXC811 ~ a MCLJ Apperdx B and I k:Aal RllllC7t'II 
IXC811 ClllC8r risk lor II cxrlllrrinlnll Spedtedb Alemllva GW-5 a gr111111r thin 10-• 10 10-t. T111meri 0 

Dlspoul 
('!) 

l'lmlnt lngedoo a water wit\ < 
('!) 

cmlarrinari ooncentratlarw In uceu 0 a t.ACLJ, or 11fe11noe dotet, or back-
~ cx:ncernalcn, II pretenllld '0 

ApperwB. a 
('!) 

Ptewnt ~esloo a walerw\11 taal = radlcnd e c:mcentralClll tlat ... 
•cud INIJlt In a radoadlve upo1u11 

Chemical OJddaloo Chemical OJddaloo Vllill 0 
dole in IIXC8 II cl 4 rnrern/yelr. -. 

Predpllalon Predpllaloo TllfldlNA'111 (lndudng Cap) 
~ t:1 SIS Cherrica\ ... 0 

Trutment Trim Tr111meri Trtllm TrNmeri tt, 

t:1 ~ Ul 
~ 'Tj For Environmental Protection: Wet~ OJddaloo Wet~OJddlloo Allemalwl GW~: I 

Ea1rldlon WIiia D,, fil, ~ N Ch8fl'bl Al<ildloo Ch8fl'bl Al<ildlm ... 
0. Prevent buelow corirtluloo110 the llodlnlrilcalon -· < I 

Caunllla River a al cxrlllrnnanll 11 Chemlcll Aidud\Cll tt, t,:l \0 
cxncerirdcn tlat waJd exC81d Mecllflt11lon Cll N 

I 
dvonc ::,:•c cmoentralona krl Eloh.-.g• o' 

,_. 
p11wol In Appendix B. ,. Stripping ,_. 

Surtlce Dladlarge Surtaoe Dladlarge Evapcnlon: Fat:ed 
.., 

Reslori g1W1<N11tar luallty 10 Surtaoe Caunllla River Caunlll1 River 
Rl'NN Ownoal1 Ci backgrrund concentra en for II Olspoul Ceme,t-buad SIS .., 

cmlarrinaril ~aentad In T llllet Abcm-Ale\ow-Gtwld T ril '. ·it Vm 0 
81 -BIO Ind perubA. Abcm-Ale\0111-Gtwld T riJ C T~II (lndudng Cap) 

Cll>Dlapoul = Q.. 
~ 

LEGEND Blodenlnlcal<ll ~ 
Deep Wiil lrjedloo Deep Wei lrjed\Cll 

... 
Exlllc:tonWelll tt, 

m m 9.Jbsurtace Alvtlll Ollnor;ls 
.., 

5-'" Dlspoul Aeirjedlm Into Acµfer Aeirjeclon lnlo Acµfer 
,JrSlifRling ,-._ 

"'C Shadodlloa: Crib Dlapoul Cot, Dlapoell krl Exdlange 
~ T tdwlology 0< p<oo•N Me<II Altral<Jl (IQ 

oplion ii ea...-.d tom Evaporalon: Fon:ed ti) 
t.tw oon,idaal<ll 

~ 

SIIJ1)lo 0 -. 
N<n-•hodod Boa: ~ 
T tdwlology ot p<oo•N 
oplion ii rolulod 11 
till<n«'ing111go 

,_, 
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R«n«lial Action Sol tnd Sediments ldenfily Identity P-• OptloM •nd Ev•III•• p,_. Option• S.•d Comb/,- Into Alle,n.tiv• "Tl -· Ob}Ktlv• Genera/ ffe,pollN Tedanologie• 
Sc,-, Technologi,IIOptlo111, on Etr.cdw,-a, /Mtltutlon.l S.ledttd ,,.,,_,.tlve 

~ 
ActJoM B1•d on T echnbl 1np_,,,.,,w,ility lmplem«rtlbllity and 1-/adw Coit ,,_ ,or AlledMI Medi• ; 
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Figure 5-4. Alternative SW-7: Solid Waste Stabilization and Solidification 
by Dynamic Compaction and Vibration Aided Grout Injection 
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Reduction of Mobility, Toxicity or Volume of Waste 1.0 1.0 2.1 2.2 2.8 2.9 3.2 2.9 4.3 4.6 

Normalized, Weiqhted Ettectiveness Total 18.7 23.5 33.9 36.0 37.1 37.6 39.7 38.7 42.7 43.7 
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Table 5-1. Solid Waste Inventory 

Component Volume 
(in Loose Cubic Feet) 

Buried waste: 
Combustible material 18,512,000 
Metal 16,661,000 
Demolition waste 11,107,000 • 

Total 46,281,000 

Discrete metal* 46,281,000 

Demolition waste 56,962,000 

Solid waste, total 149,524,000 
. . 

• Includes excavated p1pelmes and other demoht1on metals. 
Reference: 100 Area Past Practice Site Cleanup and Restoration Conceptual Study 
(WHC 1991e) 
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Table 5-2. Solid Waste Volume By Component• 

Component Volume 
(Loose Cubic Feet) 

Combustibles 18,512,000 

Metal 62,942,000 

Demolition waste 68,069,000 

• Adapted from Table 5-1. 
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Table 5-3. Solid Waste Removal Rate by Component• 

Component Rate\ 
Loose Cubic Feet Per Hour 

Buried waste: 
Combustible material 309 
Metal 277 
Demolition waste 185 

Total 771 

Discrete metal 771 

Demolition waste 949 

irotal 2491 

• Adapted from 100 Area Past Practice Site Cleanup and Restoration Conceptual Study 
(WHC 1991e ). 
b Assumes a 20-year remediation period ending 2018 (TPA milestone). 
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Table 5-4. Estimated Groundwater Extraction Rates by 100 Area Plume 

Area Plume Identification Extraction Rate, GPM 

B/C lO0BC-1 200 
lO0BC-2 200 

K lO0K-1 500 
lO0K-2 500 
lO0K-3 1000 

N lO0N-1 700 

D 100D-1 800 
100D-2 1000 

H lO0H-1 200 
lO0H-2 60 

F lO0F-1 300 
lO0F-2 300 

Total 5760 

Adapted from Table 2-2 of "Hanford Ground Water Cleanup and Restoration 
Conceptual Study," (WHC 1991d Draft). 
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Table 5-5. Contaminated Soil and Sediment Volume for Excavation Purposes 

Excavation Rate 
Soil Type' Bank Cubic Feet Loose Cubic Feet (loose ft' /hr) 

Contaminated Soil 249,209,000 284,098,000 4,735 

Contaminated 151,170,000 172,334,000 2,872 
Overburden 

Total 400,379,000 456,432,000 7,607 

Riverbank Sedimentsb 29,348,000 33,750,000 563 

'Soils, 100 Area Past Practice Site Cleanup and Restoration Conceptual Study 
(WHC 1991c). 
bRefer to Appendix D. 
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Alternative Description Score Recommendation 

SW-I No Action Alternative 54.7 Retain for detailed analysis and risk assessment data. "'"3 
~ 

SW-2 Institutional: Fencing and Deed Restrictions 55 .9 Retain lo preserve range of GRAs. O"' -~ 
SW-5 Removal & Excavation and Demolition 57 .8 Screened based on retaining Alternative SW-4. UI 

Disposal : RCRA Landfills and DOE Disposal Facilities I 

?'-
SW-3 Containment: Grading, Diversion/Collection, and Revegetation 62 .5 Retain as a containment action. 

Hanford Barriers and RCRA Multi-media Caps :;i:, 
~ 

SW-l! In Situ Vibration Aided Grout Injection 62 .9 Screened based on retaining Alternative SW-7 . 
Treatment : Hanford Barriers and RCRA Multi-media Caps 

0 a a 
SW-7 In Situ Dynamic Compaction 63.4 Retain as an in situ treatment action. 

Treatment : Vibration Aided Grout Injection 
Hanford Barriers and RCRA Multi-media Caps 

SW-6 Removal & Excavation and Demolition 63.4 Screened based on retaining Alternative SW-4. 
Disposal : Vaults and RCRA Landfills 

Hanford Barrier~ and RCRA Multi-media Caps 

SW-10 Removal , Excavation and Demolition 64 .0 Screened based on retaining Alternative SW-9. 
Treatment , Incineration (hazardous organics) 
& Disposal : Bitumen-based Stabilization/Solidification 

Vaults and Trenches/Pits 
Hanford Barriers 

~ 
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SW-4 Removal & Excavation and Demolition 64 .8 Retain as a removal and disposal action. 
Disposal : Vaults and Trenches/Pits 

Hanford Barriers and RCRA Multi-media Caps 

fll -~ 
~ -SW-9 Removal , Excavation and Demolition 65.4 Retain as a removal, treatment , and disposal action. 

Treatment, Thermal Desorption (hazardous organics) 

~ ., 
= ~ 

& Disposal : Compaction 
Cement-based Stabilization/Solidification 

--· < 
~ 

Vaults and Trenches/Pits fll 

Hanford Barriers 



Alternative Description Score Recommendation ~ 
e,:i 

GW-1 No Action Alternative 52.2 Retain for detailed analysis and risk assessment 
c::r -(t) 

data. (h 
I 

GW-3 Containment: Slurry Walls 53 .9 Retain to preserve range of GRAs. 
:--,1. 

Extraction Wells ::i:, 
(t) 
I") 

GW-2 Institutional : Water-rights and Deed Restrictions 57.2 Retain to preserve range of GRAs. 
Groundwater Monitoring 
Columbia River as Alternate Water Supply 

0 
a 
a 
(t) 

= GW-4 In Situ Biodenitrification 61 .6 Retain as an in situ treatment action . 
Treatment: Air Stripping 

GW-5 Removal, Extraction Wells 71.6 Retain as a removal, treatment, and disposal 
Treatment, Biodenitrification action based on chemical treatment processes . 
& Disposal: Chemical Oxidation, Precipitation, and Chemical 

Reduction 
Media Filtration and Ion Exchange 
Cement-based Solidification 
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GW-6 Removal, Extraction Wells 71.9 Retain as a removal, treatment, and disposal 
Treatment, Biodenitrification action based on physical treatment processes. 

., 
~ .... 

& Disposal: Air Stripping, Forced Evaporation, Media (t) ., 
Filtration, and Reverse Osmosis = e,:i 
Cement-based Solidification .... -· Crib Disposal, Vaults, and Trenches/Pits < 
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Alternative 

SS-1 

SS-2 

SS-5 

SS-6 

SS- 11 

SS-4 

SS-3 

SS-7 

SS-9 

SS-8 

SS-10 

No Action Alternative 

Institutional: 

Removal & 
Disposal: 

Removal & 
Disposal: 

Removal, 
Treatment , 
& Di sposal: 

Removal & 
Disposal: 

Containment : 

In Situ 
Treatment : 

In Situ 
Treatment : 

In Situ 
Treatment: 

Removal , 
Treatment, 
& Disposal: 

9313019~~61~ 

Description 

Fenc.ing and Deed Restrictions 

Excavation 
RCRA Landfills and DOE Disposal Facilities 

Excavation 
Vaults and RCRA Landfills 
Hanford Barrie rs and RCRA Multi-media Caps 

Excavation 
Thermal Desorption (hazardous organics) 
Soil Washing 
Vitrification 
Vaults 
RCRA Landfills and DOE Disposal Facilities 

Excavation 
Vaults and Trenches/Pits 
Hanford Barriers and RCRA Multi-media Caps 

Grading , Diversion/Collection, Revegetation 
Hanford Barriers and RCRA Multi-media Caps 

Biodenitrification 
Vitrifica tion 
Steam Stripping 

Biodenitrification 
Vitrification 
Vapor Extraction 

Vitrification 

Excavation 
Thermal Desorption (hazardous organics) 
Soil Washing 
Vitrification 
Vaults and Trenches/Pits 
Hanford Barriers 

Score Recommendation i-3 
~ 
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55.4 Retain for detailed analysis and risk assessment data . -tt) 

56 .5 Retain to preserve range of GRAs. 
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I 

~ 
58 .8 Screened based on retaining Alternative SS-4. 
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0 
9 
9 
tt) 

62.4 Screened based on retaining Alternative SS-10. 
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63 .2 Retain as a removal and disposal action. 

63 .5 Retain as a containment action. 
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65 .5 Screened based on retaining Alternative SS-8. :,;--
r:.n 
tt) 
Q. .... 

66 .6 Retain as an in situ treatment action . 9 
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67.4 Retain as a removal, treatment, and disposal action. 
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6.0 FUTURE STUDY PHASES 

While the scope of this document is limited to alternatives development and 
screening for the 100 Area, future study phases will include: 

• Treatability studies for support of remedy screening, selection, and design 

• Focused feasibility studies (detailed analysis) for IRM remedy selection 
and for final OU remedy selection. 

This section provides an overview discussion of these future study phases, 
explaining the needs and approach for development of a treatability study program plan 
and explaining the general approach to conducting future focused FSs to bring 100 Area 
operable units through remedy selection and Record of Decision. 

6.1 TREATABILI'IY STUDIES AND TECHNOLOGY DEMONSTRATIONS 

In this Phase I/II FS, alternatives are developed and screened for remediating 100 
Area contaminated media. The technologies and process options selected for the 
alternatives combine those that are conventional in the sense that they have been widely 
applied elsewhere in actual site remediations and those that are innovative in the sense 
that, while they may not have yet been applied, the technologies are promising and have 
been developed to some degree, but lack sufficient cost and performance data to validate 
their application to Hanford remediation. In either case, treatability data will be needed 
to support both the detailed analyses of alternatives and the remedial design efforts. In 
the case of conventional technologies, treatability data are needed to more thoroughly 
evaluate them for Hanford site-specific contaminants and conditions. In the case of 
innovative technologies, treatability data are needed to determine their fundamental· 
viability as technology options. 

Treatability studies are conducted for two purposes: 

• Provide sufficient data to allow treatment alternatives to be fully 
developed and evaluated during the detailed analysis and to support the 
remedial design of a selected alternative 

• Reduce cost and performance uncertainties for treatment alternatives to 
acceptable levels so that a remedy can be selected 

The decision process for treatability investigations consists of: 

• Determining data needs 

• Reviewing existing data on the site and available literature on technologies 
to determine if existing data are sufficient to evaluate alternatives 
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• Performing treatability tests, as appropriate, to determine performance, 
operating parameters, and relative costs of potential remedial technologies 

• Evaluating the data to ensure that data quality objectives (DQOs) are met. 

Treatability studies usually consist of a combination of information research, 
evaluation, and testing. Treatability testing is performed on different scales depending 
upon the DQOs which must be met. The three levels of testing are: 

• Laboratory screening 
• Bench scale testing 
• Pilot scale testing. 

Treatability tests may initially be conducted on a laboratory scale to determine 
the suitability of a technology quickly and inexpensively. Laboratory screening provides 
qualitative data that would be used to determine the validity of the technology for 
remediating the site. No cost or design information is provided from these tests. 

Bench scale testing is usually performed using comparatively small volumes of 
waste. These tests are generally used to determine if the "chemistry" of the process 
works. Because small volumes and inexpensive equipment are used, bench tests can be 
used economically to test a relatively large number of both performance and waste
composition variables. Bench scale tests are performed to determine if a technology can 
meet the performance goals of the remediation. The bench-scale tests provide 
quantitative data which would permit more accurate cost, performance, and schedule 
estimation for the full-scale remediation. Most FS detailed analysis phases require 
testing on at least the bench scale. 

Pilot scale studies are intended to simulate the physical as well as chemical 
parameters of a full-scale process. Therefore, the treatment unit sizes and the volume of 
waste to be processed in pilot systems greatly increase over those of bench scale. As 
such, pilot tests are intended to bridge the gap between bench scale testing and full scale 
operation, and are intended to more accurately simulate the performance of the full 
scale process. Pilot scale testing is expensive_ and time consuming relative to bench scale 
testing. Pilot scale testing may generally be warranted in the following situations: 

• Where the nature of the process is such that the physical and geometric 
effects of the test equipment are important to simulate full-scale 
performance. That is, in such cases, bench scale equipment is too small to 
simulate critical performance parameters. An example is rotary kiln 
incineration where it is difficult to evaluate the ability to handle a new 
waste using a bench scale test. 

• For innovative technologies which are not well developed or have not been 
applied commercially or where scale-up information may be totally lacking 
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• When there is a need to investigate secondary effects of the process, such 
as air emissions, or when treatment residues are needed to test secondary 
treatment processes 

To determine the need for pilot testing, the potential for improved performance 
or savings in time or money during the remedial implementation should be balanced 
against the additional time and cost for pilot testing. Technologies requiring pilot testing 
should also be compared to technologies that can be implemented without pilot testing. 
Innovative technologies should be considered if they off er the potential for more efficient 
treatment, waste destruction, or significant savings in time or money required to 
complete the remedial action. 

It is anticipated that the multiplicity of data needs will need to be filled, where 
appropriate, by a combination of literature research, laboratory screening, bench scale 
testing, pilot scale testing, and field demonstrations. Specific implementation work plans 
will be required to define the specific scope and schedule of each study, test program, or 
demonstration. 

The starting point for identifying treatability study data needs will be the list of 
screening alternatives developed in this Phase I/II FS. The number and scope of 
treatability studies does not necessarily correlate with the number of alternatives, as 
some alternatives may not need tests to support either detailed analysis or design. 
Further, once the list of treatability study data needs are identified, all the candidate 
studies need to be prioritized, focusing on the near-term needs associated with potential 
100 Area IRMs. The initial focus also needs to be on those remedial alternatives which 
show the highest potential for meeting remedial action objectives as indicated by their 
relative evaluation scores. 

The plan for treatability testing also needs to consider the need for engineering 
development and subsequent technology demonstrations to support design and operation 
of specialized equipment systems. As is the case with treatability studies which focus on 
the workability of a specific physical or chemical process, the remedial programs will also 
need development and demonstration of systems, hardware, and techniques associated 
with remedial activities. Examples of such activities which may need support include 
excavation, demolition, dust control, real-time instrumentation arid analysis, remote 
operations, waste containerizing and transport, and systems integration. 

Also important for treatability study planning is the identification of development 
needs for those promising innovative technologies and process options which were 
screened out in the FS because of a lack of sufficient development or operational data to 
validate their viability for Hanford remedial applications. While such development and 
testing needs may be of considerably lower priority in the overall program, it is 
important to the long-range program that promising technologies are given some share of 
attention, particularly if it is apparent that they offer significant technical or cost 
advantage. Limited additional treatability studies of these innovative technologies would 
be considered on a case-by-case basis. For example. considerable benefit might result 

6-3 



DOE\RL-92-11 
Draft B 

from merely performing a comprehensive literature search and discussions with the 
inventors or developers of the technology. 

The specific elements of treatability testing and technology demonstrations will be 
defined in the 100 Area Treatability Study Program Plan. This plan will be developed to 
meet the following objectives: 

• Identify the list of technologies requiring treatability studies or technology 
demonstrations for the 100 Area contaminated media. This information 
will be extracted primarily from this FS report. 

• Identify general data needs and test objectives to support detailed analysis 
of alternatives and remedial design efforts. 

• Define the specific studies and/ or tests which will meet those objectives, 
including defining the scale of the testing needed; include identification of 
existing development programs and describe their progress to date and 
future development plans; also identify treatability study programs being 
conducted for other Hanford areas (or other DOE sites) and discuss 
coordination needs. 

• Prioritize the studies and/ or tests focusing on near-term needs associated 
with 100 Area IRMs. 

• 

• 

Identify order-of-magnitude costs and schedules associated with each study 
or test program. 

Specify the methodology to be followed in conducting the studies and test 
programs. 

The program plan will be prepared in accordance with the Guide for Conducting 
Treatability Studies Under CERCLA (Interim Final) (EPA 1989b) and the Guidance for 
Conducting Remedial Investigations and Feasibility Studies Under CERCLA (Interim Final) 
(EPA 1988a). 

Since prioritization of the treatability studies is linked to the near-term needs of 
the 100 Area IRMs, the development of the Treatability Study Program Plan will be 
closely coordinated with development of a companion document, the 100 Area IRM 
Program Plan. 

6.2 FUTURE FEASIBILI1Y STUDY PHASES FOR 100 AREA OPERABLE UNITS 

This 100 Area Feasibility Study provides alternatives development and screening 
for the entire 100 Area. The scope of this effort is thus limited to that portion of a 
CERCLA FS which is commonly referred to as Phases I and II. The detailed analysis 
phase of a CERCLA FS, which is referred to as Phase III, will not be conducted on an 
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aggregate area basis as was the case for this Phase I/ II effort. Instead, detailed analysis 
will take the form of individual Focused Feasibility Studies (FFS) to be performed either 
on a waste site or site-group basis for purposes of selecting Interim Remedial Measures 
(IRMs). To support the final ROD for the operable unit, the final FS will be performed 
which will consist of a detailed analysis for the entire OU to select the OU remedy. The 
IRM FFSs will be performed as further data become available from the Limited Field 
Investigations (LFI) being performed for each 100 Area OU and from the 100 Area-wide 
Studies. The IRM FFSs and the final OU FS will thus consist of waste site-specific 
analyses of the alternatives developed in the Phase I/II effort using a combination of 
site-specific and area-wide data generated by current and future investigation efforts. In 
addition, all of the FFSs and the final FS for the OU will utilize information obtained 
from specific technology treatability studies and technology demonstration projects (See 
Section 6.1 ). 

The IRM FFSs and the final OU FS will include the following steps: 

• Identify contaminants of concern for specific waste units 
• Determine volumes or areas for specific waste units 
• Determine the complexity of the site(s) 
• Develop RAOs specific to the waste sites or OU 
• Update and refine the list of ARARs 
• Perform waste-site specific detailed analysis of alternatives. 

While the IRM FFSs will generally follow the guidance prescribed by CERCLA 
for conducting a detailed analysis (EPA 1988a, Section 6.0), the FFSs will be focused in 
that the level of detail will be tailored to the level of complexity of a site(s). That is, 
uncomplex sites, e.g., those involving few contaminants;·limited contamination volume, 
and/ or low risk would require a less comprehensive evaluation. Conversely, complex 
sites, e.g., those involving multiple contaminants, extensive contamination volume, and/ or 
substantial risk would require more comprehensive analysis, possibly including substantial 
fate and transport modeling and alternative risk assessment. 

The detailed analysis steps will include an evaluation of each remedial alternative 
against the nine EPA evaluation criteria as required by CERCLA Section 121(b)(l). 
These are listed as follows: 

• Overall protection of human health and the environment 
• Compliance with ARARs 
• Long-term effectiveness and permanence 
• Reduction of toxicity, mobility, or volume 
• Short-term effectiveness 
• Implementability 
• Cost 
• State acceptance 
• Community acceptance. 
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Additional work beyond the IRM FFSs or final OU FS includes the preparation 
of reports leading to either an interim Record of Decision (ROD), in the case of the 
IRM, or a final ROD for the OU. The details of the RI/FS steps for the 100 Area 
operable units are discussed below. 

Figure 6-1 depicts the interrelationships and sequencing of steps and activities 
which must be integrated to bring an operable unit from field investigation through 
ROD. The diagram is consistent with the approach outlined in the Hanford Site Past 
Practice Strategy (DOE-RL 1991d). This chart provides a graphical description of the 
entire process of characterization activities, risk assessments (RA), treatability studies, 
and feasibility studies for the high and low priority sites within an operable unit and for 
the operable unit as a whole. 

To aid in understanding each of the figure activity elements and their 
interrelationships, each element is described in the steps below. 

STEP 1: 100 AREA AGGREGATE AND HANFORD SITE STUDIES 

The 100 Area and Hanford Site studies consist of a series of investigations 
being conducted on a 100 Area or Hanford-wide basis. These investigations 
include the river impact study, the shoreline studies, the ecological study, the 
cultural resources study, and the Hanford background study. These studies 
provide data to be used in the LFI Report and in all phases of risk assessment. 
The 100 Area-wide and Hanford Site Studies are conducted in parallel with the 
OU LFis and the 100 Area Phase 1/11 FS. 

The studies in this category also include development of a baseline risk 
assessment methodology. This document serves as the basis for all risk 
assessments to be performed at Hanford and ensures consistent application of risk 
assessment methodology in the 100 Area. The levels of risk assessment include: 

• Risk assessment for IRM decisions 
• Qualitative risk assessments for remedial alternatives assessments as 

part of focused feasibility studies 
• Cumulative baseline risk assessment for final OU remedy selection. 

STEP 2: LIMITED FIELD INVESTIGATIONS (LFI) AND REPORTS 

The LFI is a data collection/ characterization activity for the high priority 
sites in each 100 Area operable unit and consists of data compilation, non
intrusive investigations, intrusive investigations, and data evaluation subtasks 
based upon the 100 Area OU rescoped work plans. 

The LFI includes qualitative risk assessments for purposes of determining 
the need for and/ or selecting IR Ms. This risk assessments utilize existing 
information, data collected during the LFis for the high priority sites, and data 
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from the aggregate and Hanford Site studies for use in IRM decisions prior to 
conducting the IRM focused FS. 

The LFI reports are secondary documents summarizing data collection and 
analysis activities of the LFis and the qualitative risk assessments. 

STEP 3: 100 AREA FEASIBILITY STUDY (PHASES 1/11) AND REPORT 

The 100 Area Feasibility Study, Phases I and II, consists of four subtasks: 
contaminants of concern identification, ARARs identification, alternatives 
development, and alternatives screening. These subtasks are performed on an 100 
Area-wide basis and provide screened alternatives as the starting point for 
subsequent focused FSs for IRM selection and for final feasibility studies for 
selection of the operable unit remedy. This Phase 1/11 study does not include 
detailed analysis of alternatives. Each focused FS (FFS) performs a detailed 
analysis using site-specific data. · 

STEP 4: TREATABILITY STUDIES AND TECHNOLOGY DEMONSTRATIONS 

Needs for treatability studies and technology demonstrations to support 
future detailed analyses of remedial alternatives are based upon screened 
alternatives developed in the 100 Area Phase 1/11 FS. Specific 
treatability / demonstration recommendations and schedules are developed in a 
Treatability Study Program Plan. Information collected in these studies and 
demonstrations is used in the FFSs for IRM selection and in the final FSs for 
final OU remedy selection. 

STEP 5: FOCUSED FEASIBILITY STUDIES 

Each focused FS consists of a detailed analysis of the alternatives 
developed in the 100 Area FS for selection of the alternatives to be implemented 
for each 100 Area IRM. Modeling is performed as part of each detailed analysis, 
if required, and alternative risk analysis is performed at the same level as the 
IRM risk assessment discussed in Step 2. Information from the treatability studies 
and technology demonstration projects ( See Step 4) is used in the analysis of 
remedial alternatives. The FFSs are documented in LFI/FFS Reports. 

STEP 6: LFI/FFS REPORTS 

The LFI/FFS Reports are primary documents summarizing information 
and data obtained from the 100 Area Phase I/II FS, the treatability studies and 
demonstration projects, and the detailed analyses conducted during the focused 
FS for each IRM. The LFI/ FFS Reports are summarized in Proposed IRM Plans 
and IRM RODs for the respective IRMs. 
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The Proposed IRM Plans are primary documents describing the plans to 
implement each IRM. The Proposed IRM Plans, which are essentially the same 
as conventional CERCIA Proposed Plans, serve as the primary means of public 
notification for solicitation of comment on the proposed actions. These 
documents are prepared following the issuance of the LFI/FFS Reports. 

STEP 8: IRM RODS 

The IRM RODs are primary documents which summarize all information 
contained in each LFI/FFS Report and its associated IRM Plan. The IRM ROD 
is defined as the CERCIA document used to select the method of remedial 
action to be implemented at a site or group of sites after the FS/proposed plan 
process has been completed. For the 100 Area, the IRM ROD covers the high 
priority site(s) and the specific remedial actions implemented as IRMs. 

For a given OU, the final operable unit RODs is issued after all the low 
priority sites within the OU have been characterized, if necessary, and the 
cumulative risk assessment and final FS for OU remedy selection have been 
completed for the operable unit as a whole (See Step 12). 

STEP 9: IRM DESIGN REPORTS 

The IRM Design Reports are secondary documents and provide 
engineering and technical specifications for implementing each IRM identified in 
the IRM ROD. 

STEP 10: IRM IMPLEMENTATION 

Implementation of each 100 Area IRM consists of construction and 
operations phases. These phases vary in scope and complexity among IRMs with 
respect to manpower needs, equipment expenditures, durations, etc. These 
activities can run concurrently with other activities such as final remedial 
investigations. Any data collected as a result of the IRM implementation are 
used in the cumulative risk baseline assessment and the final remedy selection for 
the operable unit (See Step 12). 

STEP 11: FINAL RI AND REPORT 

The final RI for each OU provides any additional data and 
characterization needed to support the final remedy selection process for the 
operable unit. Characterization activities are conducted, as agreed by the unit 
managers, on the remaining low priority sites and at high priority sites where final 
cleanup criteria were not achieved during the IRM. 

6-8 



-

DOE\RL-92-11 
Draft B 

A final RI may consist of data compilation, non-intrusive investigations, 
intrusive investigations, and data evaluation. Analyses conducted during the final 
RI use data collected during the LFI, during IRM implementation, and in 
previous investigations. 

The final RI for each OU includes performance of the cumulative baseline 
risk assessment for the OU. This risk assessment is a quantitative evaluation of 
residual risk at the operable unit after completion of the IRMs and is conducted 
according to the Hanford Baseline Risk Assessment Methodology. The results 
are then used in the final feasibility study to evaluate alternatives for the final 
remediation of the operable unit. 

STEP 12: FINAL FS FOR THE OU 

The final FS for each OU is performed using the alternatives developed 
and screened in the 100 Area Phase 1/11 FS, information from the focused 
feasibility studies for IRMs, results of the IRMs, results of the treatability studies 
and technology demonstrations, and the cumulative baseline risk assessment. 
Modeling, if required, is performed as part of the detailed analysis. The studies 
are documented in the RI/FS Reports (Step 13). 

STEP 13: RI/FS REPORT 

The RI/FS Report for each OU is a primary document which summarizes 
all data collection and study activities conducted during the final RI and FS 
phases for the OU. The report supports development of the Proposed Remedial 
Action Plan (Step 14) and the Operable Unit ROD (Step 15). 

STEP 14: PROPOSED REMEDIAL ACTION PLAN 

The Proposed Remedial Action Plan for each OU presents a summary of 
all information contained in the OU RI/FS Report and identifies the remedial 
action selected for the OU. The Proposed Remedial Action Plan is brief and is 
written in simple layman's terms, since it is used primarily to inform members of 
the public. The primary reports generated during the process are referenced and 
a preferred final remedy for operable unit remediation is recommended for the 
OU. 

STEP 15: OPERABLE UNIT ROD 

The OU ROD summarizes the RI/FS report as well as any changes to the 
selected remedial action as a result of public comment on the proposed remedial 
action plan. The OU ROD is a primary legal document certifying that the 
remedial action selection process was carried out in accordance with the 
governing authority, i. e. CERCLA or RCRA and committing the three parties to 
perform the remedial action in accordance with its specifications. The OU ROD 
presents a technical description of the remedial action; the final engineering, 
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institutional, and remedial goals; and site information. The OU ROD is written 
and issued by the regulators. 

STEP 16: REMEDIAL ACTION DESIGN REPORT 

The remedial action design report for the OU is a secondary document 
and provides engineering and technical specifications for implementing the 
remedial action identified in the OU ROD. 

STEP 17: REMEDIAL ACTION IMPLEMENTATION 

The remedial action for the OU is implemented in a construction and 
operations phase. Depending upon the timing of individual OU RODs and the 
remedies selected for final remediation, the remedial action implementation 
phases for two or more OUs may be aggregated. 
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GLOSSARY 

Background Concentration - The concentration of a regulated substance (and/or its 
dissociated constituents) that: 

• Is consistently present in the environment in the vicinity of a site; and 

• Is either naturally occurring or the result of human activities unrelated to releases 
from that site. 

Half-Life - The time required for an unstable element or nuclide to decay to or lose one-half 
of its radioactive intensity. 

Operable Unit - A discrete portion of the Hanford Site, as identified in Section 3.0 of the 
Hanford Federal Facility Agreement and Consent Order, First Amendment (Ecology, 1990). 

Potential Contaminant of Concern - A regulated substance (and/or its dissociated 
constituents) which: 

• Was potentially released in the 100 Area, 

• Has been detected in the environment at a concentration above the background 
concentration, 

• Has been detected at a concentration equal to or greater than a regulatory limit, and 

• Is of toxicological significance. 

Potential Release - The possibility for any spilling, leaking, pumping, pouring, emitting, 
emptying, discharging, injecting, escaping, leaching, dumping, or disposing of a radionuclide 
and/or chemical substance to the environment. All potentially released substances (and their 
dissociated constituents) are assumed to be contaminants. 

Radiological Inventory - An estimate of radiological materials and concentrations potentially 
remaining in or released to a given source area. 

Regulated Substance - All radiological substances, and those chemical substances ( or 
constituents) which may be subject to the regulatory requirements of any one of the 
following: 

• 40 CFR §302.4 
• 40 CFR Part 761 
• 40 CFR Part 300 
• 40 CFR §§141.61 and 141.62 
• WAC 173-340 
• WAC 173-200. 
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Reaulatory Contaminant of Concern - A regulated substance (and/or its dissociated 
constituents) which: 

• Was potentially released in the 100 Area, 

• Has been detected in the environment at a concentration above the background 
concentration, and 

• Has been detected at a concentration equal to or greater than a regulatory limit. 

Source - The contaminated soils, sediments, or sludges in the immediate area of a release of 
a radionuclide and/ or chemical substance. 

Suspect Contaminant - A regulated substance (and/or its dissociated constituents) which: 

• Was potentially released in the 100 Area, and 

• Has been detected in the environment either in concentrations below background 
concentrations or less than regulatory limits, or 

• Is not toxicologically significant. 
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1.0 PURPOSE 

This report has been prepared to support the Phase I/II Feasibility Study (FS) being 
conducted for the Hanford 100 Area. An essential element of the FS is to determine which 
contaminants must be remediated as part of the environmental restoration program in the 100 
Area. The purpose of this report is to present a consistent methodology for determining 
potential contaminants of concern for use in evaluating remedial alternatives. 

Contaminants of concern were identified in each of the draft 100 Area operable unit 
work plans. However, the approach for determining contaminants of concern was not 
consistent among the work plans. Therefore, one objective of this study was to provide a 
uniform decision-making process for the entire aggregate area so as to arrive at a defensible 
list of contaminants to be considered in the FS. 

The results of this study are not intended to provide a final determination of 
contaminants of concern. That determination will be made as a result of collecting additional 
field data and conducting operable unit baseline risk assessments. Such risk assessments are 
not within the scope of this Phase I/II FS. 
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2.0 ORGANIZATION AND SCOPE 

The detamination of contaminants of concern for the 100 Area was conducted in two 
phases. The first phase entailed: 1) identification of radiological and/or chemical substances 
potentially released in the 100 Area and 2) comparison of concentration data with background 
concentrations and established regulatory limits. The end-product of the first phase is a list 
which is referred to as •regulatory co,ita,nioaots of concern• (fable 1). Chapter 3.0 of this 
report ~ this first phase of the effort. 

The second phase, utilizing the results of the first phase, performed a qualitative 
toxicity assessment. The purpose of this assessment in the second phase was to determine 
which of the regulatory contaminants of concem were of toxicological significance. The 
end-product of the second phase is a list of potential contaminants of concern to be used for 
evaluating remedial alternatives (Section 5.0, Table 2). Chapter 4.0 of this report provides 
the methodology and rationale for this second phase of the effort. 

The following considerations form the fundamental bases upon which the decision 
logic was derived. The first three items pertain to the first phase and the last item pertains 
to the second phase. 

• Radioactive half-life (radionuclides which have undergone ten half-lives were 
assumed to have decayed sufficiently to be of little concern (Gloyna and Ledbetter 
1969); 

• Comparison of sample concentration versus background concentration; 

• Comparison of sample concentration versus the most stringent, established 
regulatory limit, if any; and · 

• Toxicological characteristics. 

Appendices AA through AD of this report provide data and rationale as backup to the 
determination of the regulatory contaminants of concern. The contents of each of the 
appendices are as follows. 

• Appendix AA provides the resultant lists of regulatory contaminants of concern, 
suspect contaminants, and contaminants eliminated from further consideration. 

• Appendix AB compares the most stringent numerical regulatory limits with the 
environmental sampling data for the regulatory contaminants of concern which 
pass the decision logic. 

• Appendix AC indicates which of the nonradiological, chemical contaminants are 
regulated, and the regulatory authority for each. 
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• Appendix AD provides tables depicting how each contaminant passed through the 
decision logic diagrams (Figures 1 and 2) and the critical decision point where it 
was classified as a regulatory contaminant of concern, suspect contaminant, or 
eliminated from further consideration. 

Appendix AE of this report pertains to the qualitative toxicity assessment. The tables 
in Appendix AE outline how each of the regulatory contaminants of concern passed through 
the decision logic diagram (Figure 3). 

2.1 SCOPE OF IDENTIFICATION OF POTENTIALLY RELEASED SUBSTANCES 

Identification of potentially released substances was confined to a review and 
evaluation of environmental data pertaining to the following two types of units. 

• 100 Area Resource Conservation and Recovro Act <RCRA} Past-Practice <RPPl 
llDig as detailed in RCRA Facility Investigation/ Corrective Measures Study 
(RFI/CMS) draft work plans for the 100 Area 

• Comprehensive Environmental ReSJX>nse. Compensation. and Liability Act 
CCERCLA} Past-Practice (CPP} units as detailed in Remedial Investigation/ 
Feasibility Study (RI/FS) draft work plans for the 100 Area. 

Eleven RI/FS and RFI/CMS draft work plans were written for the priority liquid 
waste operable units in the 100 Area (DOE 1990a-e; 1991a-t). Data were obtained from 
these work plans to identify substances potentially released. For the remaining 14 operable 
units for which no work plans have yet been drafted (primarily lower priority solid waste 
units) the following sources of information were used: 

• "Radiological Characteruation of the Retired 100 Areas" (Dorian and Richards, 
1978); 

• "Estimates of Solid Waste Buried in the 100 Area Burial Grounds" (Miller and 
Wahlen, 1987); and 

• "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a). 

Information on other units (e.g., RCRA treatment, storage, or disposal (TSO) units 
and currently undesignated units) was not reviewed or included in the identification of 
potentially released substances. 

Key assumptions are listed as follows: 

• The list of potentially released substances was derived from existing site data. 
Any new sampling or monitoring data produced after the initiation of this task 
were not considered. 
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• Sampling and monitoring data used were assumed to be of adequate quality to 
support this effort. Data were not evaluated for adequacy. The 100 Area 
documentation and environmental data reviewed for this report were compiled by 
many different companies and organizations over a period of several decades. 
Because of limitations on the scope of this project, no attempt was made to 
detenninc the adequacy of the sampling methodology, monitoring well locations, 
or laboratory quality assurance information. 

• Only soils and groundwata data werc evaluated. It is assumed that any 
contaminants released as air emissions are present in surface soils through 
deposition. Therefore, soils sampling data are assumed to account for past 
atmospheric conWIWWlt releases. 

2.2 SCOPE OF REGULATORY CONTAMINANTS OF CONCERN 
DETERMINATION 

The determination of regulatory conWIWWlts of concern is based upon five key 
elements: 

• Data which show that a chemical or radionuclide was used or generated within an 
operable unit and subsequently was released or potentially released to the 
environment 

• Regulatory status of radionuclides or chemicals and their constituents 

• Sample concentration data 

• Background concentration data 

• Comparison of sample concentration data with background and regulatory limits. 

Section 3. 0 describes the details of the methodology used to determine which of the 
contaminants potentially present at the site are of concern with respect to background 
concentrations and regulatory limits. 

2.3 SCOPE OF TOXICITY ASSESSMENT 

The qualitative toxicity assessment further refines the contaminant of concern 
determination by evaluating the toxicological significance of each regulatory contaminant of 
concern. The toxicity assessment is based upon five key elements: 

• Review of supplemental Environmental Protection Agency (EPA) guidance which 
eliminates certain metallic contaminants based upon previous determinations of 
low or negligible toxicity 
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• Determination of the carcinogenicity of each contaminant 

• Determination of reference doses for each non-carcinogen 

• Calculation of a huard quotient for non-carcinogens based on an ingestion 
exposure route 

• Assemnent of calculation results based upon EPA guidance on contaminant 
screening. 

Details of the methodology for the qualitative toxicity assessment are given in Section 
4.0. 
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3.0 REGULATORY CONTAMINANTS OF CONCERN 

Decision logic diagrams were used to determine the regulatory contaminants of 
concern and · suspect contaminants. Figures 1 and 2 provide the decision logic diagrams for 
nonradiological, chemical substances and radiological substances, respectively. Inputs used 
in the decision diagrams include: 

• Chemical and radiological substances used and/or released; 
• Environmental sampling data; 
• Regulatory limits and background concentrations; and 
• Inventory and disposal records. 

Suspect contaminants are contaminants that have been detected in environmental 
samples in the 100 Area at concentration levels below background concentrations or below 
regulatory limits. The suspect contaminant list identifies those contaminants for which 
subsequent data collection can confirm whether or not the contaminants are present in 
concentrations below regulatory concern. When subsequent data become available, the 
suspect contaminants would be re-evaluated via the decision logic at the input box entitled 
"Compile Environmental Sample Records" (see Figures 1 and 2). 

Since the Phase I/II FS is divided by source, groundwater and N Area, the 
contaminants were differentiated on the basis of groundwater versus source (e.g., soil) 
operable unit contaminants. N Area contaminants were identified separately. Non
radiological (chemical) contaminants were identified separately from radiological 
contaminants. 

Nonradiological contaminants were further categorized as: 

• Metals; 
• Nonmetallic inorganic ions and compounds; 
• Volatile organic compounds; and 
• Other organic compounds. 

3.1 DECISION LOGIC DIAGRAM - NONRADIOLOGICAL, CHEMICAL 
SUBSTANCES 

Figure 1 provides the decision logic diagram for nonradiological, chemical substances 
(and their respective dissociation constituents, if any). The following sections explain each 
of the sequential steps and/or decision points in the diagram. Each of these points is 
numbered on the diagram and listed as follows: 
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e environment. 

Diagram Ident ,er 

The final step, "Is contaminant of toxicological significance?", is addressed in 
Chapter 4.0 of this report. 

Each step of Figure 1 is explained in more detail in the following subsections. 

3.1.1 "Chemical "Potentially Released to the Environment." 

All nonradiological, chemical substances known to have been used in the 100 Area 
were considered as potentially released to the environment. That is, all chemical substances 
and constituents identified in the draft 100 Area work plans and the documents listed in 
Section 2.1 passed this step in the decision logic diagram. 

3.1.2 "Is CoPtarninant Regulated?" 

A chemical substance and/or its respective dissociation constituents was considered 
regulated if it is subject to or listed under any one of the following: 

• Listed as a CERCLA hazardous substance (40 CFR §302.4). The statutory 
sources for the designation of a substance as hazardous under CERCLA include: 

- Clean Air Act and Amendments, Section 112 
- Clean Water Act Sections 307(a) and 31l(b)(4) 
- Resource Conservation and Recovery Act (RCRA), Section 3001 

• Subject to Toxic Substances Control Act regulation (40 CFR Part 761) 

• Subject to National Oil and Hazardous Substances Pollution Contingency Plan 
guidelines ( 40 CFR Part 300) 

• Listed as having a Primary Drinking Water Standard maximum contaminant level 
(MCL) (40 CFR §§141.61 and 141.62) under the Safe Drinking Water Act 
(SOWA) (42 U.S.C. 300f et seq.) 

• Regulated under the State of Washington Model Toxics Control Act (MTCA) 
Cleanup Regulation (Chapter 173-340 Washington Administrative Code (WAC]) 
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• Regulated under the State of Washington Ground Water Quality ~tandards (WAC 
173-200). 

Table AC-1, Appendix AC, lists all nonradiological, chemical contaminants known or 
suspected to have been released in the 100 Area. All substances used in the 100 Area have 
been assumed to have also been released and are, therefore, considered to be contaminants. 
The purpose of the table is to indicate pertinent federal and state environmental regulations 
applicable to the chemical substances. 

In addition to substances used in the 100 Area, Table AC-1 also lists dissociation 
constituents for those substances that readily dissociate in the environment, e.g., acids and 
soluble salts. 

For example, nitrate originating from nitric acid is considered as a distinct 
contaminant, as is chromium originating from sodium dichromate. 

If the chemical substance or its dissociation constituent is regulated, it passes to the 
next decision point(• Are environmental data available?•). If not regulated, the contaminant 
is eliminated from further consideration as a regulatory contaminant of concern. Table AA-
4, Appendix AA lists those contaminants which have been eliminated from further 
consideration on this basis. 

3.1.3 "Are Environmental Data Available?" 

If a contaminant is regulated, the next decision point utilizes information contained in 
the 100 Area work plans to determine whether or not environmental data exist for the 
contaminant. If environmental data for the contaminant do not appear in the work plans, the 
contaminant was considered a regulatory contaminant of concern because the concentration of 
that contaminant in the environment cannot be shown to be below background concentrations 
(diagram step 4) or regulatory limits (diagram step 5). If environmental data for the 
contaminant appear in the work plans, the contaminant passed to the next step in the logic 
diagram where environmental data were compared to established background concentration 
values. 

3.1.4 "Does Contaminant Concentration Exceed Background?" 

This step compares environmental sample concentration data to established 
background concentrations. If any sample concentration exceeded an established background 
concentration value, the contaminant was passed on to the next decision point (Are regulatory 
limits established?). If the contaminant concentration did not exceed an established 
background concentration value, the contaminant was classified as a suspect contaminant. 
Suspect contaminants are identified by the letter 'S' in the Appendix AA tables. Section 3. 7 
provides a discussion of background data. 
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The purpose of the suspect contaminant list is to retain the contaminants for re
evaluation pending future field data collection. The additional data would be incorporated 
into the input box entitled· "Compile Environmental Sampling Records". The re-evaluation 
would be used to confirm whether or not the contaminant concentrations are of regulatory 
significance. 

3.1.5 "Are Regulatory Limits Established?" 

If the contaminant concentration exceeded an established background value or if the 
background level was not known, then a chec~ was made to determine whether there are 
federal or state numerical limits established in the regulations. If there are no established 
regulatory limits, the contaminant was entered as a regulatory contaminant of concern. If 
there are established regulatory limits, contaminant concentrations were compared to those 
limits in the next step of the decision logic. Section 3.6 lists the regulations from which the 
numerical, regulatory limits were obtained. 

3.1.6 "Does Contaminant Concentration Exceed Regulatory Limit?" 

If there are numerical limits established in the regulations and the contaminant 
concentration exceeds the most restrictive of those limits, the contaminant was entered as a 
regulatory contaminant of concern. If there are established regulatory limits and the 
contaminant concentration is lower than the most restrictive regulatory limit, the contaminant 
was classified as a suspect contaminant. See Section 3.6 for further discussion of regulatory 
limits and Appendix AB for comparisons between contaminant concentrations and regulatory 
limits. 

3.2 DECISION LOGIC DIAGRAM - RADIOLOGICAL CONTAMINANTS 

All radiological contaminants known to have been generated in the 100 Area were 
potentially released to the environment and were subjected to the decision logic diagram for 
radiological constituents (Figure 2). The following subsections explain the sequential steps 
and decision points in the logic diagram for radionuclides. 

3.2.1 "Is the Half-Life More than Two Years?" 

Radioactive half-life was used as a decision criterion for all reactor areas except the 
N Area. Because operations in the N Area are more recent, half-lives were not used to 
eliminate radionuclides from further consideration for that area. 

For the other reactor areas in the 100 Area, short-lived radionuclides (i.e. , 
radionuclides with half-lives less than two years) are assumed to have decayed to 
concentrations well below the level of concern (Gloyna and Ledbetter 1969). That is, since 
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it has been more than 20 years since the last reactor was shut down, the radionuclides would 
have undergone decay for at least 10 half-lives, which is sufficient to reduce concentration to 
insignificant values. Therefore, these radionuclides are no longer considered in the 
conta.InllWlt of concern determination and were placed on Table A-4, Contaminants 
Eliminated from Further Consideration (see Appendix AA). 

For N Area, all radionuclides were retained, since sufficient time has not yet elapsed 
for the short-lived radionuclides to have decayed. 

3.2.2 "Are Environmental Data A vailable'l" 

This step follows the same approach as for chemical constituents. 

3.2.3 "Does Radionuclide Concentration Exceed Background?" 

This step follows the same approach as for chemical constituents. 

3.2.4 "Are Regulatory Limits Established?" 

This step follows the same approach as for chemical constituents, except that the 
federal regulations used for this step consist of the primary drinking water standards ( 40 CFR 
141) and the environmental radiation protection standards for management and disposal of 
spent nuclear fuel, high-level and transuranic radioactive wastes (40 CFR 191, Radiation 
Protection Standards), as excerpted in the Westinghouse Hanford Company "Environmental 
Compliance Manual" (WHC-CM-7-5). 

3.2.5 "Does Contaminant Concentration Exceed Regulatory Limit?" 

This step follows the same approach as for the chemical constituents. 

3.3 ESTIMATED RADIOLOGICAL INVENTORIES 

Estimated operable unit radiological inventories are presented in Tables AB-1 and 
AB-6 (Appendix AB). These inventories are only presented for informational purposes, 
since the inventories were not used as a criterion for identifying regulatory radionuclide 
contaminants of concern. The radiological inventories were obtained from: 

• Operable unit draft work plans (DOE 1990a-e; 199la-t) 

• "Radionuclide Inventory and Source Terms for the Surplus Production Reactors at 
Hanford" (Miller and Steffes, 1987) 
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• "&timates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and 
Wahlen, 1987) 

• "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a) 

• "Unplanned-Release Sites (HISS Data Base)" (Stenner et al., 1988b) 

• "Radiological Characteriz.ation of the Retired 100 Areas" (Dorian and Richards, 
1978). 

The estimated radiological inventories indicated in the Appendix AB tables represent 
data collected from 1978 through 1986. The radionuclide inventories used in this report 
were taken directly from the above listed sources of information and were not updated to 
account for radiological decay occurring since the inventories were last documented. 

Radiological inventories are not available for all waste units within each operable unit 
and no attempt was made to estimate unavailable inventories. The inventories for each of the 
waste units were totaled to yield a single inventory value for an individual operable unit. 

3.4 POTENTIAL RELEASF.s 

Potential release or disposal data are presented in Tables AB-1 through AB-10 
(Appendix AB) and are only provided for informational purposes. The potential release data 
were not used as a criterion for identifying regulatory contaminants of concern. That is, the 
decision logic assumed that all chemicals and radionuclides known to have been used in the 
100 Area were considered as potentially released to the environment. The release and 
disposal information was obtained from: 

• Operable unit draft work plans (DOE 1990a-e; 1991a-t) 

• "Radionuclide Inventory and Source Terms for the Surplus Production Reactors at 
Hanford" (Miller and Steffes, 1987) 

• "Estimates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and 
Wahlen, 1987) 

• "Engineered-Facility Sites (HISS Data Base)" (Stenner et al., 1988a) 

• "Unplanned-Release Sites (HISS Data Base)" (Stenner et al., 1988b). 

3.5 SAMPLE CONCENTRATION 

A sample concentration column is included in the regulatory contaminants of concern 
tables (Tables AB-1 through AB-10, Appendix AB). This column contains a range of 
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concentrations observed in groundwater or soil samples from the 100 Area for each listed 
contaminant, if such data exist. The range consists of a minimum and a maximum 
concentration and was derived from sampling data for all the listed operable units found to 
contain that contaminant. 

Some of the concentrations shown did not exceed the regulatory limits or background 
levels. Additionally, environmental data are not available for many of the constituents. The 
environmental data were obtained from: 

• Operable unit draft work plans (DOE 1990a-e; 1991a-t) 

• "Treatability Investigation Work Plan for the 116-B-6A Crib ISV Demonstration 
Project" (Campbell et al., 1990) 

• "Soil Sampling Test Results for 1324-N Pond" (Chou, 1989) 

• "Radiological Status of the Ground Water Beneath the Hanford Site: January
December, 1981" (Eddy, et al., 1982) 

• "Hanford Site Ground-Water Monitoring for January Through June 1988" (Evans, 
et al., 1989) 

• "UNC Environmental Surveillance Report for the 100 Areas -- FY 1981" 
(Greager, 1981) 

• "UNC Environmental Surveillance Report for the 100 Areas FY 1886" (Jacques, 
1987) 

• "Hanford Site Environmental Report for Calendar Year 1988" (Jacquish and 
Bryce [eds.], 1989) 

• "Estimates of Solid Waste Buried in 100 Area Burial Grounds" (Miller and 
Wahlen, 1987). 

3.6 REGULA TORY LIMITS 

Concentrations of contaminants from both groundwater and soil samples were 
compared to the most restrictive state or federal regulatory limit to identify regulatory 
contaminants of concern or suspect contaminants. Federal limits are available for a limited 
number of groundwater contaminants. State and federal regulatory limits were obtained 
from: 

• "Washington Ground Water Quality Standards" (WAC 173-200) 

• "The Mcxiel Toxics Control Act Cleanup Regulation" (WAC 173-340) 
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• Westinghouse Hanford Company "Environmental Compliance Manual" 
(limits taken from 40 CFR 191) (WHC-CM-7-5) 

• Safe Drinking Water Act "Primary Drinking Water Rule" (maximum 
contaminants levels) (40 CFR 141). 

The Model Toxics Control Act Cleanup Regulation (MTCA) was used to derive state 
regulatory limits for groundwater and soils for chemical constituents. Because the 100 Area 
is considered as an environmentally complex site, the Method B formulae were used to 
derive the state limits under MTCA. 

In addition to limits derived by MTCA Method B, MTCA also may require 
consideration of the federal SDWA Secondary Drinking Water Standards (40 CFR 143) and 
the federal SDWA Drinking Water Standard maximum contaminant level goals (MCLGs) (40 
CFR §141.50). 

Maximum contaminant levels established by the Washington State Board of Health 
(Chapter 248-54 Washington Administrative Code [WAC]) are also required under MTCA, 
but are equal to or less stringent than the other regulatory limits required under MTCA. 

If more than one state limit exists for a contaminant, the most restrictive state limit is 
presented in Appendix B tables. For example, arsenic has a more restrictive state 
groundwater limit (Washington Ground Water Quality Standards) (0.05 µg/L) than the 
MTCA Method B limit of 50 µg/L. Therefore, the Washington Ground Water Quality 
Standard for arsenic is given in the appropriate Appendix AB table. 

In addition to currently codified SDW A MCLs, pending SDW A MCLs were utilized 
as federal regulatory limits in this report. The effective dates for the revised MCLs are as 
follows: 

• Revised MCLs for cadmium, chromium, mercury, nitrate, and selenium will 
become effective on July 30, 1992 

• The revised MCL for lead will become effective on December 7 , 1991 

• The revised MCL for barium will become effective on January 1, 1993. 

If a numerical regulatory limit does not exist for the contaminant, then the 
contaminant was included by default as a regulatory contaminant of concern. 

3. 7 BACKGROUND CONCENTRATIONS 

Established background concentrations given in the draft 100 Area work plans were 
compared to sample concentrations. Background concentration values are presented in 
Tables AB-1 through AB-10, Appendix AB and were obtained from: 
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• Operable unit draft work plans (DOE 1990a-e; 1991a-t) 

• "Soil Sampling Test Results for 1324-N Pond" (Chou, 1989) 

• "Status Report of Remedial Investigation of the Area 300 Process Ponds" 
(Dennison, et al., 1988) · 

• "Hanford Site Ground-Water Monitoring for April Through June 1987" (Evans, et 
al., 1988) 

• "Hanford Site Ground-Water Monitoring for January through June 1988" (Evans 
et al., 1989) 

• "Hanford Site Environmental Report for Calendar Year 1988" (Jacquish and 
Bryce (eds.), 1989) 

• "Ground-Water Monitoring at the Hanford Site January-June 1988" (Pacific 
Northwest Laboratory, 1989) 

• "Characteriz.ation and Use of Soil and Groundwater Background for the Hanford 
Site" (WHC 1991a). 

0-...l 
i:.n co. 3.8 DETECTION LIMITS 

Detection limits vary over time due to the development of increasingly sensitive 
instruments and analytical methods. Detection limits for the groundwater and soil quality 
data reviewed in this report, if available, are shown in the detection limit column of the 
regulatory contaminants of concern tables. Detection limits are provided for information to 
help qualify data which are shown to be non-detect. The detection limits were obtained 
from: 

• Operable unit draft work plans (DOE 1990a-e; 199la-t) 

• "Hanford Site Ground-Water Monitoring April through June 1987" (Evans et al., 
1988) 

• "Hanford Site Ground-Water Monitoring for January through June 1988" 
(Evans et al., 1989) 

• "Hanford Site Ground Water Surveillance 1989" (Evans et al., 1990). 

A-22 



DOE\RL-92-11 
Draft B 

3.9 RESULTS AND CONCLUSIONS FOR REGULA TORY CONTAMINANTS OF 
CONCERN 

Table 1 provides a summary listing of the regulatory contaminants of concern and 
suspect contaminants. All contaminants listed as regulatory contaminants of concern are 
further evaluated for toxicological significance in Chapter 4.0, Qualitative Toxicity 
Assessment. The tables in Appendix AA provide additional detail regarding the regulatory 
contaminants as follows: 

• Table AA-1 presents the regulatory contaminants of concern and suspect 
contaminants, sorted by operable unit, for all source operable units in the 100 
Area, excluding N Area. 

• Table AA-2 shows the regulatory contaminants of concern and suspect 
contaminants, sorted by operable unit, for all groundwater operable units in the 
100 Area, excluding N Area. 

• Table AA-3 gives the regulatory contaminants of concern and suspect 
contaminants for each of the N Area operable units. 

• Table AA-4 lists the contaminants eliminated from further consideration based 
upon the regulatory analysis. 

Tables AA-1 through AA-3 indicate the specific operable units for which a 
contaminant is either of concern or is suspect. However, care must be taken not to draw too 
many conclusions from these tables. Important qualifiers should be considered when 
evaluating these tables: 

• Even though the tables indicate regulatory contaminants of concern and suspect 
contaminants by OU, the actual determination of these was not performed on an 
OU basis but on the 100 Area as a whole. For example, a contaminant may have 
qualified as a regulatory contaminant of concern because it exceeded background 
or the regulatory limit based on the highest concentration found in the 100 Area. 
In this case, the contaminant was listed as a regulatory contaminant of concern for 
each OU which reported that contaminant, even though the contaminant may not 
have exceeded background or regulatory limits in that OU. Thus, if a 
contaminant was listed as a regulatory contaminant of concern for a specific OU, 
it does not necessarily mean that this contaminant was actually found to be present 
in that OU in concentrations exceeding the levels of regulatory concern. 

• The tables should be used for illustrative purposes to indicate the relative 
frequency of occurrence of a contaminant. 

• The tables do not indicate which operable units must be remediated. 
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The first phase of the effort determined which of the radionuclide and chemical 
substances used in the 100 Area are of regulatory significance. However, while a 
contamuwlt may be of regulatory significance (such as based on CERCLA reportable 
quantities), it may not necessarily be of concern if the contaminant is not toxicologically 
significant as it exists in the environment. In the RI/FS process, contaminants are evaluated 
for toxicological significance by performing a toxicity assessment as part of a baseline risk 
assessment. Since this preliminary FS effort does not have the benefit of a completed 
baseline risk assessment, a second step is needed to at least qualitatively assess a 
contaminant's toxicity so as to arrive at a more realistic contaminant list for purposes of 
remedy assessment. This qualitative toxicity assessment step is the subject of Section 4.0 
below. 
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4.0 QUALIJ'ATIVE TOXICITY ASSESSMENT 

The qualitative toxicity assessment was performed on the regulatory contaminants 
identified in Section 3.0 of this report. Assumptions, methodology and results are described 
in the subsections below. 

4.1 ASSUMPI'IONS AND LIMITATIONS 

The key assumptions and limitations regarding the qualitative toxicity assessment are 
listed as follows: 

• The assessment only considered risk-based factors; compliance with applicable or 
relevant and appropriate requirements (ARARs) was not considered. 

• Only regulatory contaminants of concern were assessed in the qualitative toxicity 
assessment; suspect contaminants were not assessed. · 

• Contaminants dropped as a result of the toxicity assessment are placed on the 
suspect list. 

• Assumptions on carcinogenicity: 

All radionuclides were assumed to be carcinogenic, 

- Carcinogens are defined by HEAST, Table 3, or by IRIS as a Group A, Bl, or 
B2 carcinogen, 

- Petroleum products are assumed to be carcinogenic because of benzene, 

- All carcinogens are assumed to be of toxicological significance and thus are 
potential contaminants of concern. 

• Assumptions for toxicity screening hazard quotient calculation (noncarcinogens): 

- The ingestion exposure route was assumed for all calculations (Eq~tions 9 and 
15 in EPA guidance). 

- A hazard quotient of 0.1 was assumed for screening as recommended by EPA 
guidance. 

- The equations utilized combine ingestion by both children and adults. 

- Individual hazard quotients were calculated for each contaminant; cumulative 
effects were not considered. 
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- If an oral reference dose has not been established then the contaminant was 
placed on the suspect contaminants list. 

- For noncarcinogens with an established oral reference dose: if no sampling 
data are available then the contaminant was assumed to be a potential 
contaminant of concern as the hazard quotient could not be computed. 

4.l DECISION WGIC 

The purpose of the decision logic for the qualitative toxicity assessment is to 
determine if the regulatory contaminants of concern are of toxicological significance. The 
decision logic for the qualitative toxicity assessment is diagrammed in Figure 3. The 
following sections explain each of the sequential steps and/or decision points in the diagram. 
Each of these points is numbered on the diagram and listed as follows: 

Daagram Description Diagram Idenf 1er 

4.2.1 "Known or suspected carcinogen?" 

Regulatory contaminants of concern are initially sorted on the basis of carcinogenicity 
(see Step 7 of Figure 3). All radionuclides and Groups A, Bl, and B2 carcinogens are 
assumed to be known or suspected carcinogens. Therefore, per step 7 of Figure 3, these 
contaminants are included in the list of potential contaminants of concern. Noncarcinogens 
are further assessed in Step 8 of the decision logic. 

Information on the carcinogenicity of the regulatory contaminants of concern was 
obtained from the Health Effects Assessment Summary Tables (HEAST)(EPA 1991) and 
from the Integrated Risk Information System (IRIS) on-line database. The following are 
descriptions of the groups of carcinogens as provided in HEAST (EPA 1991): 

• Group A - Human Carcinogen (sufficient evidence of carcinogenicity in humans). 

• Group B - Probable Human Carcinogen (Bl - limited evidence of carcinogenicity 
in humans; B2 - sufficient evidence of carcinogenicity in animals with inadequate 
or lack of evidence in humans). 
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4.2.l "Candidate r or elimination per &Uidance?" 

Region X of the EPA has issued supplemental guidance for Superfund risk 
assessments. This guidance was also incorporated into the Hanford Site Baseline Risk 
Assessment Methodology document (DOE-RL 1991c). The guidance states: 

•six inorganic constituents which are often analy7.ed for but which are not associated 
with toxicity to humans under normal circumstances are aluminum, calcium, 
magne.uum, potassium, iron and sodium. No quantitative toxicity information is 
available for these elements from EPA sources. These six elements can generally be 
eliminated from the human health risk assessment at the screening stage based on 
qualitative judgement.• (EPA Region X 1991) 

Noncarcinogenic, regulatory contaminants of concern were compared to this list of 
six to detennine which are candidates for elimination from further consideration in the 
qualitative toxicity assessment. Contaminants thus eliminated were placed on the suspect 
contaminants list. 

4.2.3 "Oral RfD in BEAST or IRIS?" 

The next step in the qualitative toxicity assessment (Step 9) is to determine whether 
an oral reference dose (RID) has been established for the contaminant. The IRIS database 
and HEAST were utili7.ed as information sources for the reference doses. If an oral RID has 
not been established, then the contaminant was placed on the suspect contaminants list. The 
supplemental guidance defines the RID as •an estimate (with uncertainty spanning perhaps an 
order-or-magnitude) of a daily exposure to the human population (including sensitive 
subgroups) that is likely to be without an appreciable risk of deleterious effects during a 
lifetime• (EPA Region X 1991). 

4.2.4 "Hazard Quotient greater than 0.1 ?" 

The final step in the qualitative toxicity assessment was to compute a hu.ard quotient 
(HQ) for each of the remaining contaminants and to compare the HQ to a screening value. 
Standard default exposure factors, as established in the supplemental guidance, were utili7.ed 
in the calculations. An ingestion route of exposure was assumed, therefore Equations 9 and 
15 from the guidance were utili7.ed for the calculations (EPA Region X 1991). 

The supplemental guidance states that contaminants can be eliminated from further 
consideration in a risk assessment if the HQ is less than or equal to a screening value of 0.1 
(EPA Region X 1991). The screening value has been conservatively set at 0.1 to account for 
the possibility of multiple pathways and multiple contaminants which might result in 
cumulative effects. As shown in Figure 3, contaminants with a HQ less than or equal to 0.1 
were placed on the suspect contaminants list. 
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An HQ could not be computed for contaminants which do not have available sampling 
data. These contaminants were conservatively assumed to be potential contaminants of 
concern in this report. Subsequently obtained sampling data will require a re-evaluation at 
the input step labelled "Compile Environmental Sample Records" in Figures 1 and 2. 

4.3 RF.SULTS OF THE QUAIJTATIVE TOXICITY ASSF.SSMENT 

The tables in Appendix AE of this report outline how each of the regulatory 
contaminants of concern passed through the qualitative toxicity assessment decision logic. 
Table 2 in Section 5.0 below, presents the composite results after both the regulatory analysis 
and the toxicity assessment, i.e. , the final list of potential contaminants of concern and 
suspect contaminants. 

As indicated in Appendix AE, the following regulatory contaminants of concern were 
determined run to be of toxicological significance. That is, on Table 1 the contaminant is 
identified as a "C" (Regulatory Contaminant of ·concern) but on Table 2 the contaminant is 
identified as a •s• (Suspect Contaminant) as a result of the toxicity assessment. 

Soils, Slud&es, and Sediments <Sources} 
aluminum 
iron 
sodium 
chloride 
sulfate 
ethylenediamine tetraacetic acid (EDTA). 

Groundwater 
cobalt 
sodium 
chloride 
hydrochloric acid 
sulfate 
EDTA. 

NArea 
aluminum 
sulfate 
tetraethylpyrophosphate 
tetrahydrofuran. 
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5.0 RESULTS AND CONCLUSIONS FOR POTENTIAL 
CONTAMINANTS OF CONCERN 

The final list of potential contaminants of concern represents a composite of those that 
are both of regulatory and of toxicological significance. The final listing is given in Table 2 
below. This list is generated for the purpose of assembling possible remedial alternatives. 
That is, the contaminants identified are those which are most likely to require remediation if 
subsequent field sampling programs and risk assessments show their concentrations in the 
environment to result in unacceptable risk and/or are not in compliance with ARARs. The 
list provided here should not be .construed as representing any final determination or basis for 
decision-making regarding selection of final remedies. 
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Table A-1. Regulatory CoPtaminaots I)( Concern and Suspect Contaminants 
(Page 1 of 3) 

Environmental Medium 

Potential Sources Groundwater 
Contaminant (e.g., soils) 

RADIONUCllOES 

Trttiuffl 

~14 

Cak:iunM1 

Collalt-80 

Nlck.-63 

SelenAlfflo79 

KrvPt--86 

Strontlum-90 

Z~93 

Niobium-SM 

Tec:~99 

Palladium-107 

Cadmium-113 

AntwMny-1 25 

lodlne-121 

C.• ium-134 

-C.•lum-137 

Semarium-151 

Europium-152 

Euni.,__.154 

Radium-2281228 

Uraniunt-236/238 

Plutonium-238 

Plutonium-239/240 

Plutonium-241 

Americium-241 

METALS 

Aluminum 

Arnnic 

C = POTENTIAL CONTAMINANT Of CONCERN 

S = SUSl'£CT CONTAMINANT 

C C 

C C 

C C 

C C 

C C 

C C 

C C 

C C 

C C 

C C 

C s 

C C 

C C 

s 

C C 

C 

C s 

C C 

C C 

C s 

C C 

C C 

C C 

C C 

C C 

C 

s C 
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Table A-1. Regulatory Contaminants Qf Concern and Suspect Contaminants 
(Paae 2 of 3) 

Enviromnental Medium 

Potential Sources Groundwater 
Contaminant (e.g., soils) 

8arilllll 

Baryluw 

..... 
Cadlllium 

Chromium 

Cobalt 

Copper 

Iran 

LNd ...,._ 
Men:urv 

Nicllel 

Sodun 

Vanadium 

Zinc 

OTHER INORGANIC 
COMPOUNDS/IONS 

A---' 
A,__ 

A--• 
Chloride 

ChlDrine 

Cyarlide 

F"-ide 

Hydrochloric Acid 

N~ 

Nllrtta 

Pho8fMIOI ic Acid 

Sulfate 

voe• 

... _ 
C = POTENTIAL CONTAMINANT OF CONCERN 

S = SUSPECT CONTAMINANT 

s C 

s C 

C s 

s C 

s C 

C 

s s 

C 

C C 

C C 

s C 

s s 

C C 

C s 

s s 

C s 

C C 

C C 

C 

C C 

C C 

C 

C C 

C C 

C C 

C s 
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Table A-1. Replatory Cootamioaots I){ Concern and Suspect Contaminants 
(Page 3 of 3) 

Environmental Medium 

Potential Sources 
Contaminant (e.g., soils) 

a.nz-a-a..--
Chlonlfoml s 

Ethytbenz•• 

u.dltlel• s 
OIIDrilN 

......,.leoautyl 
ic ... 

Pwahlont- C 
ethylene 

T._ 

Tr- -1,2· 
Oichloroethel. 

1, 1. 1-Tric:Hon,- s 
etti.. 

Trlchloroethel• s 

Xvtene-

OTHER ORGANICS 

Aoedc Acid C 

. Bia 12-ethylhexytl 
phthal-

Ethytenediamine C 

Ettiv••nMli.,..• C 
tn-acacid 
CEDTAI 

Formic Acid C 

Hydrazine C 

PC8e C 

~ C 
l"lvduct•/Olnel oil 

T etrNthylpyro-
phoephete 

Tetranydrofuran 

ThlourN C 

C = POTENTIAL CONTAMINANT Of CONCERN 

I = aual'ECT CONTAMINANT 
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Groundwater 

C 

C 

s 

C 

.C 

C 

C 

C 

C 

C 

C 

N-Area 

C 

C 

C 

C 

C 

C 

C 

s 

C 

C 

C 

C 

C 

C 

C 

C 
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Table A-2. Potential Coptamioaots of Concern and Suspect Contaminants 
(Page 1 ol 4) 

Eaviroameatal Medium 

Poteatial Sources Groundwater NArea 
CoatamiDaDt (e.g., soils) 

RADIONUCLIDES 

Tritium C C C 

Carbon-14 C C 

Calcium-41 C C 

Cobalt-(,() C C C 

Nickel-63 C C 

Selenium-79 C C 

Krypton-85 C C 

Strontium-90 C C C 

Zirconium-93 C C 

Niobium-94 C C 

Technetium-9'1 C s C 

Palladium-107 C C 

Cadmium-113 C C 

Antimony-125 s C 

Iodine-129 C C C 

Cesium-134 C C 

Cesium-137 C s C 

Samarium-151 C C 

Europium-152 C C 

Europium-154 C s 
Radium-226/228 C 

Uranium-235 /238 C C 

Plutonium-238 C C C 

Plutonium-239 /240 C C C 

Plutonium-241 C C 

Americium-241 C C 
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Table A-2. Potential Contaminants of Concern and Suspect Contaminants 
(Page 2 of 4) 

Ea'Yiroameatal Medium 

Poteatial Soun:a Groulldwater N Area 
Contamiaaat (e.g., soils) 

METAL.5 

Aluminum s s 
Arsenic s C C 

Barium s C C 

Beryllium s C C 

Boron C s 

Cadmium s C C 

Chromium s C C 

Cobalt s 
Copper s s 
Iron s 

Lead C C C 

Manganese C C C 

Mercury s C 

Nickel s s s 

Sodium s s 

Vanadium C s C 

Zinc s s s 

OTHER INORGANIC COMPOUNDS/IONS 

Ammonium/ Ammonia C s 
Asbestos C C 

Chloride s s 

Chlorine C 

Cyanide C C C 

Fluoride C C C 

Hydrochloric Acid s 
Nitrate C C C 
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Table A-2. Potential Contaroioaou {)( Concern and Smpect Contaminants 
(Page 3 of 4)' 

Environmental Medium 

Po&eadal Soun:a Groundwater N Area 
COlltaminaat ( e.g., soils) 

Nitrite C C 

Phosphoric Acid C 

Sulfate s s s 

voes 

Acetone C s s 
Benz.enc C 

Chlorobcnzcnc C 

Chloroform s C C 

Ethylbcnzcnc C 

Methylene Chloride s C 

Methyl Isobutyl Ketone C 

Perchloro-ethylenc C C C 

Toluene s 
Trans -1,2-Dichloroethene C 

1,1,1-Trichloro-ethane s s 
Trichloroethene s C 

Xylenes C 

OTHER ORGANICS 

Acetic Acid C C 

Bis (2-ethylhexyl) phthalate C 

Ethylenediaminc C C 

Ethylcnediaminc tetraacetic acid (EDTA) s s 
Formic Acid C C 

Hydrazine C C C 
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Table A-2. Potential Coptamioants Qf Concern and Suspect Contaminants 
(Page 4 or 4) 

Eaffl'OIIJDeatal Medium 

Potatial Sources Grou.adwater N Area 
Coatamiuaat ( e.g., soils) 

PCBs C C C 

Petroleum Products/Diesel oil C C 

Tetraethylpyro-phosphate s 
Tetrahydrofuran s 
Thiourea C C C 

Note: Refer to Appendix A for detection limits, background concentrations, and contaminant 
concentrations. 
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APPENDIX AA 
SUMMARY TABLES OF 

REGULATORY CONTAMINANTS OF CONCERN 
AND SUSPECT CONT AMIN ANTS 
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I II 
I CONTAMINANT I 
I RADIONUCUDES II 

Tritium 

Carbon- 14 

Calcium-41 

Coba lt -60 

Nickel-63 

Selenium-79 

Krypton-BS 

Strontium-90 

Zirconium-93 

Niobium-94 

Technetium-99 

Palladium· I 07 

Cadmium-113 

lodine-129 

Cesium-134 

Cesium-137 

Samarium-151 

Europium-152 

Europium-154 

C = REGULATORY CONTAMINANT OF CONCERN 
S = SUSPECT CONTAMINANT 

BC-1 

I 
C 

C 

C 

C 

C 

C 

C 

C 

03 i ~o f tJ m r·ar ,) ,, ' ~ J '.J .. ij t 

TABLE AA-1: SOURCE OPERABLE UNITS: 
REGULATORY CONTAMINANTS OF CONCERN 

AND SUSPECT CONTAMINANTS 

REFERENCES: 100-AREA DRAFT WORK PLANS; 
DORIAN AND RICHARDS, 1978 

OPERABLE UNIT 

BC-2 BC-3 BC-4 HR-1 HR-2 KR-1 KR-2 KR-3 DR- 1 

I I I I I I I I 
C C C C C C C 

C C 

C 

C C C C C C C 

C C C C C 

C 

C 

C C C C 

C 

C 

C C C 

C 

C 

C 

C 

C C C C C C 

C 

C C C C C C C 

C C C C C C 

I 
DR-2 DR-3 FR-1 FR-2 

I I I I I 
C C C 

C C C C 

C C 

C C 

C 

C 

C C 

C C C 

C C C 



I II 
I CONTAMINANT I 
I RADIONUCLIDES II 

Uranium-235/238 

Plutonium-2 38 

Plutonium-2 39/ 240 

Plutonium-241 

Americ ium-241 

I METALS II 
Aluminum 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Copper 

Iron 

lead 

Mangane1e 

Mercury 

Nickel 

Sodium 

C = REGULATORY CONTAMINANT OF CONCERN 
S = SUSPECT CONTAMINANT 

BC-1 

I 

C 

I 
s 

s 

s 

s 

C 

s 

s 

C 

TABLE AA-1: SOURCE OPERABLE UNITS: 
REGULATORY CONTAMINANTS OF CONCERN 
AND SUSPECT CONTAMINANTS (CONTINUED) 

OPERABLE UNIT 

BC-2 BC-3 BC-4 HR-1 HR-2 KR-1 KR-2 KR-3 DR-1 

I I I I I I I I 
C C C 

C C 

C C C C 

C 

C C 

I I I I I I I I 
C 

s 

s 

s 

C 

s s s 

s s s s 

s s 

C 

C C C C C 

C C 

s s s 

s 

C 

I 
DR-2 DR-3 FR-1 FR-2 

I I I I I 

C 

I I I I I 

s s 

s s 

C C C 

s 



I 
I CONTAMINANT 

Vanadium 

Zinc 

OTHER INORGANIC 
COMPOUNDS/IONS 

Ammonium/Ammonia 

A•be•to• 

Chloride 

Cyanide 

Fluoride 

Nitrate 

Nitrite 

Sulfate 

I voe. II 
Acetone 

Chloroform 

Methylene 
Chloride 

Perchloroethylene 

1, 1, 1-Trichloro-

ethane 

Trichloroethene 

C = AEGlJI A TORY CONTAMINANT OF CONCERN 
S = SUSPECT CONTAMINANT 

BC-1 

s I 
I 

C 

C 

C 

I 

TABLE AA-1: , SOURCE OPERABLE UNITS: 
REGULATORY CONTAMINANTS OF CONCERN 
AND SUSPECT CONTAMINANTS (CONTINUED) 

OPERABLE UNIT 

BC-2 BC-3 BC-4 HR-1 HR-2 KR-1 KR-2 KR-3 DR-1 

I I I I I I I I 
C 

s 

I I I I I I I I 
C 

C 

C 

C C 

C C C 

C C C C C 

C 

C C 

I I I I I I I I 
s 

C 

s 

DR-2 DR-3 FR-1 FR-2 

I I I 
C 

I I 
I I I I I 

C 

C 

C 

I I I I I 
C 

s 

s 



t 
00 

I I 
I CONTAMINANT I 
I OTHER ORGANICS I 

Acetic Acid 

Ethylenediamine 

Ethylenediamine 
tetraacetic acid 
(EDTAI 

Formic Ac id 

Hydrazine 

PCBs 

Petroleum 
Producto/Dieoel oil 

Thiourea 

C = REGULATORY CONTAMINANT OF CONCERN 
S = SUSPECT CONTAMINANT 

BC-1 

C 

C 

TABLE AA-1: SOURCE OPERABLE UNITS: 
REGULATORY CONTAMINANTS OF CONCERN 
AND SUSPECT CONTAMINANTS (CONTINUED) 

OPERABLE UNIT 

BC-2 BC-J BC-4 HR-1 HR-2 KR-1 KR-2 KR-3 DR-1 

C 

C 

C 

C 

C 

C C 

C 

C 

DR-2 DR-3 FR-1 FR-2 
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DOE\RL-92-11 
Draft B 

TABLE AA-2: GROUNDWATER OPERABLE UNITS: 
REGULATORY CONTAMINANTS OF CONCERN 

AND SUSPECT CONTAMINANTS 

REFERENCES: 100-AREA DRAFT WORK PLANS; 
DORIAN AND RICHARDS, 1978 

CONTAMINANT 

RA0IONUCLIDES 

Tritium 

Carbon-14 

Calcium-41 

Cobalt-60 

Nickel-63 

Selenium-79 

Krypton-85 

Strontium-90 

Zirconium-93 

Niobium-94 

Technetium-99 

Palladium-107 

Cadmium-113 

Antimony-125 

lodine- 129 

Cesium-137 

Samarium-1 51 

Europium-152 

Europium-1 54 

Uranium-235/238 

Uranium-238 

Plutonium-238 

Plutonium-239/240 

Plutonium-241 

Americium-241 

C = REGULATORY CONTAMINANT OF CONCERN 
S = SUSPECT CONTAMINANT 

OPERABLE UNIT 

BC-5 HR-3 KR-4 

C C C 

C C 

C 

C C C 

C C C 

C 

C 

C C C 

C 

C 

s s s 

C 

C 

s 

C 

s s s 

C 

C C C 

s s s 

C 

C 

C 

C C 

C 

C C 

A-49 



DOE\RL-92-11 
Draft B 

TABLE AA-2: GROUNDWATER OPERABLE UNITS: 
REGULATORY CONTAMINANTS OF CONCERN 
AND SUSPECT CONTAMINANTS (CONTINUED) 

CONTAMINANT 

METALS 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Sodium 

Vanadium 

Zinc 

OTHER INORGANIC 
COMPOUNDS /IONS 

Ammonium/Ammonia 

Asbestos 

Chloride 

Chlorine 

Cyanide 

Fluoride 

Hydrochloric Acid 

Nitrate 

Nitrite 

C = REGULATORY CONTAMINANT OF CONCERN 
S = SUSPECT CONTAMINANT 

BC-5 

s 

C 

C 

C 

C 

C 

BC-5 

C 

C 

C 

A-50 

OPERABLE UNIT 

HR-3 KR-4 

C 

C 

C 

s s 

C 

C C 

C 

s s 

C C 

C 

C C 

s 

C 

s 

s s 

HR-3 KR-4 

s 

C 

C 

C 

C 

C 

C C 

C 
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TABLE AA-2: GROUNDWATER OPERABLE UNITS: 
REGULATORY CONTAMINANTS OF CONCERN 
AND SUSPECT CONTAMINANTS (CONTINUED) 

CONTAMINANT 

I Sulfate 

VOLATILE ORGANIC 
COMPOUNDS 

Acetone 

Chloroform 

Percholethlyene 
(T etrachloroethene, 
Tertachloroethlyene) 

1, 1, 1-Trichloroethene 

Trichloroethane 

I OTHER ORGANICS 

Acetic Acid 

Ethytenediamine 

Ethytenediamine tetraacetic 
Acid 

Formic Acid 

Hydrazine 

PCBs 

Thiourea 

C = REGULATORY CONTAMINANT OF CONCERN 

S = SUSPECT CONTAMINANT 

I C 

BC-5 

s 

C 

I BC-5 

C 

A-51 

OPERABLE UNIT 

I C I C I 
HR-3 KR-4 

C 

C 

s 

C 

I HR-3 I KR-4 I 
C 

C 

C 

C 

C 

C 

C 
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TABLE AA-3: 100-N AREA: REGULATORY CONTAMINANTS OF CONCERN 
AND SUSPECT CONTAMINANTS 

REFERENCES: 100-AREA DRAFT WORK PLANS; 
DORIAN AND RICHARDS, 1978. 

CONTAMINANT 

RADIONUCLIDES 

Tritium 

Cobalt-SO 

Strontium-90 

Technetium-99 

Antimony-125 

lodine-129 

Cesium-134 

Cesium-137 

Radium-226/228 

Plutonium-238 

Plutonium-239 /240 

METALS 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Lead 

Manganese 

Nickel 

Vanadium 

Zinc 

INORGANIC COMPOUNDS/IONS 

Cyanide 

Fluoride 

C = REGULA TORY CONTAMINANT OF CONCERN 
S = SUSPECT CONTAMINANT 

A-52 

op~-~-~I 
NR-1 NR-2 

C 

C 

C 

C 

C 

C 

C 

C s 

C 

C 

C 

NR-1 NR-2 

C 

C 

C 

C 

C 

C 

C 

C C 

s 

C C 

s 

NR-1 N -
C 

C 
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TABLE AA-3: 100-N AREA: REGULATORY CONTAMINANTS OF CONCERN 
AND SUSPECT CONTAMINANTS (CONTINUED) 

I CONTAMINANT 

Nitrate 

Phosphoric Acid 

Sulfate 

VOLATILE ORGANIC COMPOUNDS 

Acetone 

Benzene 

Chlorobenzene 

Chloroform 

Trans-1, 2-dichloroethene 

Ethylbenzene 

Methyl isobutyl ketone 

Methylene Chloride 

Perchloroethlyene (Tetrachloroethene, 
Tetrachloroethylenet 

Toluene 

Xylenes 

I OTHER ORGANICS 

Bis(2-ethylhexy0 phthalate 

Hydrazine 

PCBs 

Petroleum Products, Diesel Oil , etc. 

Tetraethylpyrophosphate 

Tetrahydrofuran 

Thiourea 

C = REGULATORY CONTAMINANT OF CONCERN 
S = SUSPECT CONTAMINANT 

A-.53 

I OPERABLE UNIT I 
C 

C 

C 

NR-1 NR-2 

s 

C 

C 

C C 

C 

C 

C 

C C 

C 

s s 

C 

I NR-1 I NR-2 I 
C C 

C 

C 

C 

C 

C 

C 
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TABLE AA-4: CONTAMINANTS ELIMINATED FROM FURTHER CONSIDERATION 

Radionuclide• Volatile Organic Compounds 
Chromium-51 Hexane 
Manganese-54 
Zinc-65 
Ruthenium-103 
Ruthenium-106 
lodine-131 
Cerium-144 
Europium-155 

Metals Nonvolatile Organic Compounds 
Calcium Choline Chloride 
Lithium Citric Acid 
Magnesium Citric Acid Solutions, Ammoniated 
Molybdenum Cyclotetrasiloxane, octomethyl 
Palladium Deoxylcholic Acid 
Potassium Diethanolamine 
Silicon Diethylthiourea 
Strontium Mercaptoacetic Acid 
Titanium Morpholine 
Zirconium Oxalic Acid 

Sodium Acetate 
Sodium Citrate 
Sodium EDTA 
Sodium Formate 
Sodium Oxalate 
Trichloroacetic Acid 
Urea 

Inorganic Compounds Hydrogen Peroxide Sodium Aluminate 
Ammonium Monohydrogen Hydrophosphorous Sodium Carbonate 

Orthophosphate Acid Sodium Chloride 
Ammonium Ceric Sulfate Lithium Fluoride Sodium Hydrosulfite 
Ammonium Hydrogen Fluoride Monohydrogen Sodium Hydroxide 
Ammonium Persulfate Orthoarsenate Sodium Hydrophosphite 
Boric Acid Perchloric Acid Sodium Nitrate 
Ferric Oxide Peroxide Sodium Sulfamate 
Graphite Phosphomolybdic Acid Sodium Sulfate 
Hydrobromic Acid Phosphorous Pentoxide Sodium Sulfite 
Hydroiodic Acid Potassium Borate Sulfamic Acid 

Potassium Chloride 
Potassium Nitrate 

A-54 
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APPENDIX AB 
REGULATORY CONTAMINANTS OF CONCERN 

ENVIRONMENT AL SAMPLING DATA 

A-55 



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA 

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REOULATORY CRITERIA PRELIMINARY SOURCE'" 
UNITS INVENTORY BACKOROUND 

RANOE'"-"-C.DI CONCEN-
(Curiel SAMPLE SAMPLE DETECTION STATE FEDERAL TRA TIONu' RA NOE 

TYPE CONCENTRA- LIMIT'01 LIMIT"' LIMIT" (pCi/LI 
TION RANOE"'·" RANOE (pCi/LI (pCi/LI 

lpCi/LI lpCi/LI 

Tritium ec-1u•. Tritium Well. Seep• 500 • 459,000 500 20,000 20.000• 200 1,3,4 
BC- 2'- "'. 10.208 - (Washingtor (Primary 
BC-3'-"' . 11.0001 State Drinking 
BC-4 '-"'. Ground Water Limitl 
BC-5 " ·"' . IBC-1, BC-2. Water 

DR-1. DR-3 BC-3, BC-4. BC-5, Quality 
FR-1. FR-2. DR-1. DR-3, FR-1, Standard,) 
HR-1. HR-3, FR-2, HR· 1. HR-3, 
KR-1, KR-2. KR-1 KR-2, KA -4, 
KR-4, NR-1 NR-1) 

IDR-2 Operable 
Unit contain• an 

inventory lesa 
than one Curie) 

Carbon-14 BC-4, BC-5, Carbon-14 Well NA'" NA NA 2800 NA 1.2 
KR-2, KR-4 10.056 · 2201 !DOE Order 

5400.5) 
!BC-4 , BC-5 
KR-2. KR-4) 

IDR-1. HR-1. KR-1 
Operable Units 

contain 
in11entoriea len 
than one Curie) 

Calcium-41 KR-1. KR-4 Uaed in Operable NA NA NA NA 4000 NA 1.3.4 
Unit KR-1 • KR-4 (DOE Order 

5400.61 

See footnote key at end of table. 



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED) 

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REOULATORY CRITERIA PRELIMINARY SOURCE'" 
UNITS INVENTORY BACKOROUND 

RANOE'""·c.o, CONCEN-
{Curio) SAMPLE SAMPLE DETECTION STATE FEDERAL TRA TION'" RANOE 

TYPE CONCENTRA- LIMIT'0 ' LIMIT'" LIMIT" (pCi/LI 
TION RANOE"'·" RANOE tpCi/LI (pCi/LI 

{pCi/LI tpCI/LI 

Cobalt-60 BC-1, BC-2, Cobalt-60 Well. Seeps 22 .5 - 554 22.5 NA 200 NA 1,2,3 
BC-3, BC-4, I1.0112B - (DOE Order 
BC-5 , FR-1, 767 .31 5400.51 
FR-2. DR-1. 
DR-2. DR-3, (BC-1. BC- 2, 
HR-1, HR-3, BC-3, BC-4 , BC-5, 
KR-1, KR-2, FR-1. FR-2. DR-1, 

KR-4, OR-2, OR-3, HR-1, 
NR-1"" HR-3. KR-1. KR-2. 

KR -4. NR- 11 

Nickel-63 BC-1, BC-2, Nickel-63 NA NA NA NA 12,000 NA 1, 2 
BC-4 , BC-5, 116 - 144. 21 {DOE Order 
OR-1, DR-3. 5400.5) 
FR-2, HR-1, (BC-1, BC-2, 
HR-3, KR-1, BC-4, BC-5, DR-1. 

KR-4 OR-3. FR-2, HR-1. 
HR-3. KR· 1, KR-4I 

Selenium-79 HR-1, HR-3 Uaed in Operable NA NA NA NA 800 NA 1,3,4 
Unit HR- 1, HA-3 {DOE Order 

5400.51 

Krypton-85 HR-1 . HR-3 Used in Operable NA NA NA NA NA NA 1,3,4 
Unit HR-1, HR-3 

See footnote key at end of table. 
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED) 

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DAT A REGULA TORY CRITERIA PRELIMINARY 
UNITS INVENTORY BACKGROUND 

RANGE'"-"·C.OI CONCEN-
!Curiel SAMPLE SAMPLE DETECTION STATE FEDERAL TRATIONu1 RANGE 

TYPE CONCENTRA- LIMIT'01 LIMIT'" LIMIT" lpCI/LI 
TION RANGE"·" RANGE lpCi/LI lpCi/LI 

lpCi/LI lpCi/LI 

Strontium-90 BC-1. BC-2. Strontium-90 Well, Seeps 5 - 5-8 8 , B" 236 :1: 102 
BC-6 , FR-1, 10.35884 - 22 . 11 23,400 (Weahlngto1 (Primary 
FR-2, HR-1, State Drinking 
HR-2, HR-3. (BC- 1, BC- 2, Ground Water 

KR-1, BC-5, FR-1, FR-2. Water Standardl 
KR-2"'·"', HR-1, HR· 2. HR-3 . Quality 
KR-4 .. ·" 1, KR-1, KR-4I Standardal 
NR-1""·"' 

(BC-4 , BC-5 , 
DR-1, DR-2 

Operable Units 
contain 

inventories le&& 

than one Curiel 

Zirconium-93 HR-1, HR-3 Uaed in Operable NA NA NA NA 3600 NA 
Unit HR-1, HR-3 IDOE Order 

5400.5) 

Niobium-94 HR-1, HR-3 Uaed in Operable NA NA NA NA 1200 NA 
Unit HR· 1, HR-3 IDOE Order 

5400.5) 

Palladium- I 07 HR-1, HR-3 Used in Operable NA NA NA NA 40,000 NA 
Unit HR· 1, HR-3 (DOE Order 

5400.61 

Cadmium-11 3 HR-1. HR-3 Used in Operable NA NA NA NA 32 NA 
Unit HR· 1, HR-3 (DOE Order 

5400.51 

lodine-129 KR-1, KR-4, Uaod in Operable NA NA NA NA 20 NA 
NR-1 Unita KR· 1, NR-1 (DOE Order 

6400.6) 

See footnote key at end of table. 

SOURCE"' 

1,2,3 

1,3,4 

1,3,4 

1,3,4 

1,3,4 

1,3,4 



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED) 

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULA TORY CRITERIA PRELIMINARY SOURCE"" 
UNITS INVENTORY BACKOROUND 

RANGE,.·•-c.o, CONCEN-
(Curiel SAMPLE SAMPLE DETECTION STATE FEDERAL TRAT1ONu1 RANGE 

TYPE CONCENTRA- LIMIT'0 ' LIMIT'" LIMIT" (pCi/Ll 
TION RANGE~-" RANOE (pCi/ll (pCi/Ll 

(pCi/ll (pCi/LI 

Cesium-1 34 NA· l Ce•ium-134 NA NA NA NA 80 NA 1,3,4 
10 .00001 · 141 (DOE Order 

6400.61 
INR-1I 

JBC- 1 . DR- 1. 
DA-2. HA-1, KA-1 

Operable Unit• 
contain 

inventories les& 
than one Curiel 

Samarium-151 HA-1. HA-3 U•ed in Operable NA NA NA NA 16,000 NA 1,3,4 
Unit HA-1, HA-3 !DOE Order 

6400 6) 

Europium-152 BC-1 Europium-15 2 Well 8 .7 X 10·1 NA NA 800 NA 1. 2.3 
BC-2 ... . I0.02285 · · 1.3 X 103 (DOE Order 
BC-4 , 729 571 5400.51 

BC-5 .... 
DA-1, DR-3. (BC-1, BC-2, 

FA-1,.., BC-4, DA-1, DA-3. 
FA-2, HA-1, FR-1, FA-2. HR-1 , 
HA-2. HA-3. HR-2, HA-3. KA· 1. 
KA-1. KA-2. KA-2, KR-4I 

KA-4 
(DA·2 Operable 
Unit contain• 
inventory le11 

than one Curiel 

See footnote key at end of table. 
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED) 

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REOULA TORY CRITERIA PRELIMINARY 
UNITS INVENTORY BACKOROUND 

RANOE1._e,c,o, CONCEN-
(Curiel SAMPLE SAMPLE DETECTION STATE FEDERAL TRA TION'" RANOE 

TYPE CONCENTRA- LIMl't0
' LIMIT'" LIMIT°' (pCI/LI 

TION RANOE~-" RANOE (pCi/LI (pCi/LI 
(pCi/LI (pCi/LI 

Radium-226/228 NR-1 Used in Operable NA NA 0 .2 5 4 0 . 2 
Unit NR-1 IWaahington (DOE Order 

State 5400.51 
Ground 
Water 
Quality 

Standardol 

Uranium-235/238 DR-1"". Uranium Woll 0.156 · 414 NA NA 24 NA 
HR-3 (Un,pocifiodl (DOE Order 

10.04343 - 5400,51 
0 .3219911 

IBC-1. BC-2, 
FR-1. KR-1, tiR-1 

Operable Units 
contain inventory 
range• 1011 than 

one Curiel 

Uranium-238 HR-3 ... Uranium-238 Well 3 .1 x10·1 0 .5 NA 24 NA 
10,024 - - 66 (DOE Order 
0 ,09051 5400,51 

(BC-1, BC-5 

Operable Units 
contain inventory 
rangea 1011 than 

one Curiel 

See footnote key at end of table. 

SOURCE'" 

1.3,4 

1,3 

1. 3 



TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA (CONTINUED) 

CONTAMINANT OPERABLE ESTIMATED SAMPLE QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE'" 
UNITS INVENTORY BACKGROUND 

RANGE'A.O.C,0I CONCEN-
(Curie) SAMPLE SAMPLE DETECTION STATE FEDERAL TRA TION"' RANGE 

TYPE CONCENTRA- LIMIT'0
' LIMIT'" LIMIT" (pCi/Ll 

TION RANGE 401 RANGE (pCi/Ll (pCi/Ll 
(pCi/Ll (pCi/Ll 

Plutonium-2 38 BC-2'"'. Plutonium-238 Well, Seeps 2.3 X 10 3 NA NA 1.6 NA 1,3 
BC-5, NR-1 10.005 · · 1.9 X 101 (DOE Order 

420. 1951 5400.5) 

(BC-2. NR- 11 

(BC-1. BC-5. 
DR-1, HR-1. KR- 1. 

Operable Units 
c ontain inventory 
range& lc&a than 

one Curie) 

Plutonium-239/ 240 BC- 1. BC-2, Ptutonium- Well . Seeps 5 .8 X 10 3 NA NA 1.2 NA 1,3 
BC-6. 239/240 · 110 (DOE Order 
FR-1"" \3 .4 • 10 3 

• 20.6\ 5400.5) 
KR-1. KR-4 , 

NR-1 (BC- 1. BC-2, 
BC-6 , KR-1. KR-4 , 

NR-1) 

(BC-5, DR-1. 
DR-2. FR-1. FR-2. 
HR-1. KR-2. KR-4 

Operable Units 
contain inventory 
ranges less than 

one Curie) 

Plutonium· 24 1 HR-1, HR-3 U•ed in Operable NA NA NA NA 80 NA 1, 3,4 
Unit HR· 1. HR-3 (DOE Order 

5400.5) 

Americium-241 HR-1, HR-3. Used in Operable NA NA NA NA 1.2 NA 1,3.4 
KR-1, KR-4 Unit HR-1, HR-3, (DOE Order 

KR-1 6400.5) 

See footnote key at end of table. 
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TABLE AB-1: GROUNDWATER RADIONUCLIDE DATA 
FOOTNOTE KEY 

A Only indicates inventory in greater than Curie quantities. 

B Inventory range (in brackets) includes the minimum and maximum inventories for the 
listed operable units (in parentheses). For a single operable unit, the inventories for each 
waste unit within that operable unit were totaled to generate a single value. 

c Inventories are not available for all the waste units. 
0 Radionuclide concentration has not been decayed to the present. 

E Range includes the minimum and maximum concentrations in picoCuries per liter 
(pCi/L) found in water samples for the listed operable unit(s). Evaluated groundwater 
data collected between 1978 and 1986. 

F Concentration based on both filtered and unfiltered samples. 

0 A single value indicates the minimum detection limit in picoCuries per liter (pCi/L) for 
all the groundwater quality detection limit concentrations in pCi/L for all the 
groundwater quality data reviewed. 

8 Most restrictive concentration in picoCuries per liter (pCi/L) which was obtained from 
the Washington Ground Water Quality Standards. 

1 Most restrictive concentration, in picoCuries per liter (pCi/L), which was obtained from 
the federal water quality standards 40 CFR 141 or DOE Order 5400.5 (DOE, 1990). 
Enforcement limits may exceed these values when the natural groundwater quality 
exceeds the criteria or when other exceptions contained in WAC 173-200-050(3)(b) apply. 

1 Background concentration in picoCuries per liter (pCi/L) from Pacific Northwest 
Laboratory, 1989; and Evans et al., 1989. 

K Information source codes: 

1. 100-Area Work Plans, 
in progress 

3. Stenner et al., 1988a,b 

2. Dorian and Richards, 1978 

4. Miller and Wahlen, 1987 

L Present in concentrations above state and/or federal limits. 

M Present in concentrations above Hanford site background concentrations. 

N The average annual concentration assumed to produce a total body or organ dose of 4 
mrem/year. 

0 NA = Not Available 

A-62 
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TABLE AB-10: SOURCES - VOLATILE ORGANIC COMPOUNDS DATA 

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DAT A REGULATORY SOURCEIEI 
UNITS(AI RELEASES181 CRITERIA 

(Kilogram 
Quantities) SAMPLE SAMPLE DETECTION STATE 

TYPE CONCENTRA- LIMIT LIMIT101 

TIONICI (µg/kg) (µg/kg) 
RANGE 
(µg/kgl 

Acetone FR-1 Ace tone (FR-1) NAF NA NA 8,000,000 1,2,3 
(Model Toxics 
Control Act -

Method Bl 

Benzene NR-1 Benzene NA NA NA 34,482 1,2,3 
Used in Operable (Model Toxics 

Unit NR-1 Control Act -
Method Bl 

Chlorobenzene NR-1 Chlorobenzene NA NA NA 1,600,000 1,2,3 
Used in Operable (Model Toxics 

Unit NR-1 Control Act -
Method Bl 

Trans-1,2- NR-1 Trans-1,2- NA NA NA 1,600,000 1,2,3 
dichloroethene dichloroethene (Model Toxics 

Used in Operable Control Act -
Unit NR-1 Method Bl 

Ethylbenzene NR-1 Ethylbenzene NA NA NA 8,000,000 1,2,3 
Used in Operable (Model Toxics 

Unit NR-1 Control Act -
Method Bl 

Methyl lsobutyl NR-1 Methyl lsobutyl NA NA NA 4,000,000 1,2,3 
Ketone Ketone Used in (Model Toxics 

Operable Unit Control Act -
NR-1 Method Bl 

Perchloroethylene HR-1, Perchloroethene NA NA NA 19,607 1,2,3 
NR-1 Used in Operable (Model Toxics 

Units HR-1, NR-1 Control Act -
Method Bl 

See footnote key at end of table. 
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TABLE AB-2: GROUNDWATER METALS DATA 

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE 
UNITS RELEASES"' BACKGROUND 

... 
(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION 

Quantitie1) TYPE CONCEN- LIMIT'°' LIMIT'"' LIMIT"' 
_. lµg/Ll 

TRATION•·a (µg/Ll lµg/l) (µg/ll 
RANGE 
(µg/Ll 

Arsenic FA-1' ·" . Arsenic Well 5 - 10 0 .2 0 .05 50 3 .9 :t 2.4 1 
HA-1. _HA-3, (HA· 1, HA-3) (Washington (Primary 

NA-1 Uaed In Operable State Ground Drinking 
unit1 FR-1, NR-1 Water Water Limit) 

Standard a) 

Beryllium HR-1. HR-3 Beryllium NA" NA 0.3 80 NA 0 .3 1 
NR-1 (NR-1) (Model To,<ic• 

Control Act -
Beryllium Sulfate Method Bl 

(HR-1. HR-3) 

Barium FR-1, HR-1. Barium (FR· I • Well 11 -1010 6 800 2000 42 :t 20 1 
HA-3, NR-1. HR-1, HR-3. (Model Toxic• CPrimary 

NA-2 NR· l . NA-2) Control Act - Drinking 
Barium Method Bl Water Limit) 

Perchlorate 
CHR-1) 

Cadmium BC-2. BC-4 Cadmium Well 2 - 103 0 .2 0.5 5 < 0 .2 1,3 
BC-5. DR-3 (BC-2. BC-4, CModel Toxic• (Primary 
FR-1. FR-2 BC-5, DR-3, FR· 1. Control Act - Drinking 
HR-1. HR-2 FR-2. HR-1. HR-2. Method B. Water Limit) 

HR-3 HR-3. NR-1. MCLG) 
NR-11·" NR-2) 

NR-2 

See foolnote key at end of table. 
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TABLE AB-2: GROUNDWATER METALS DATA (CONTINUED) 

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULA TORY CRITERIA PRELIMINARY SOURCE 
UNITS RELEASES,., BACKGROUND "' 

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION 
Quantitie• I TYPE CONCEN- LIMIT'°' LIMIT'" LIMIT"' IOI (µg/LI 

TRA TION8 ·c1 (µg/LI (µg/ll (µg/ll 
RANGE 
(µg/ll 

Chromium BC-1, BC-2 Chromium Well < 10-1690 2 - 10 50 100 4.0 :1: 2.0 1, 3 
BC-51

·" (BC-2, BC-5 , (W• 1hington (Primary 
DR-1'·" DR-1, FR-1, HR-1, State Ground Drinking 

DR-2 HR-3, KR-4 . Weter Water Limit) 
FR-1'·" NR- 11 Standards) 
HR-1 

HR-31
·" Chromic Acid 

KR-1 (BC-1, BC-21 
KR-4'·" Used in BC-5 . 
NR-1 DR-1, HR-11 

Sodium 
Dichromate 

(BC-1, BC-2. 
BC-5 . DR-1. 

DA-2, FR-1. HA-1. 
KA-11 

Potauium 
Dichromate waa 

uaed in HA-1 

Cobalt HR-1, HR-3 Cobalt (HA-1, NA NA NA NA NA NA 1 
HR-31 

Lead BC-2, BC-4 lead (BC-2. BC-4, Well 26 0.5 22 .4 60 < 0 .6 1,3.4 
BC-5. DR-3 BC-5, DR-3, FR-2. (Model Toxic• 
FR-2, HR-1 HR-1, HR-2. Control Act -
HR-2, KR-4 HR-3, KR-4 , Method Bl 

HR-31
·" NR-11 

NR-1 
lead Acetate 
Battery Fluid 

(NR-11 

lead Cadmium 
Poison Slug• 
(BC-4, DR-3, 
FR-2, HR-21 

See footnote key at end of table. 
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TABLE AB-2: GROUNDWATER METALS DATA (CONTINUED) 

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE 

UNITS RELEASES"' BACKGROUND 
.. , 

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL CONCENTRATION 
Ouantltleal TYPE CONCEN- LIMIT''" LIMIT•' LIMIT"' ""(µg/LI 

TRATION8 ·Q (µg/LI (µg/LI (µg/LI 
RANGE 
(µg/LI 

Manganese FR-1, HR-1 Manganeae Well 6 • 4380 5 50 NA 7 ,0 ± 6 .0 1.3.4 
HR-3, NR-1 (HR-1, HR-3I (Washington 

NR-2 State Ground 
Used in FR-1, Water 
NR-1, NR-2 Standardal 

Mercury BC-2, BC-4 Mercury (BC-2, NA NA 0.1 2 2 < 0.1 1,3 
BC-6. HR-1 BC-4 , BC-5. KR-4I (Washington (Primary 
HR-3. KR-4 State Ground Drinking 

Mercury Chloride Water Water Limitl 
(HR· 1. HR-3I Standard al 

Mercuric Nitrate 
used in HR-1 

See footnote key at end of table. 
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TABLE AB-2: GROUNDWATER METALS DATA 
FOOTNOTE KEY 

A Operable unit(s) where contaminant is considered a contaminant of concern. Information 
in parentheses indicates the operable units(s) which received the waste constituent in 
greater than one kilogram quantities. Also given are operable unit(s) in which the 
contaminant was used in unknown quantities. 

8 Range includes the minimum and maximum concentrations in micrograms per liter 
(µg/L) for the listed operable units. Evaluated ground water data was collected between 
1978 and 1986. 

c Concentration based on filtered samples. 

0 Range includes the minimum and maximum detection limit concentrations in micrograms 
per liter (µg/L) for all the groundwater quality data reviewed. 

e Most restrictive concentration, in micrograms per liter (µg/L), which was obtained from 
the Washington Ground Water Quality Standards or was obtained in the Model Toxics 
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater 
Quality Standards are the most restrictive, enforcement limits may exceed these values 
when the natural groundwater quality exceeds the criteria or when other exceptions 
contained in WAC 173-200-050(3)(b) apply. 

F Concentration, in micrograms per liter (µg/L), which was obtained from drinking water 
regulation 40 CFR 141. 

0 Background concentration for the Hanford site, in micrograms per liter (µg/L), from 
Pacific Northwest Laboratory, 1989, and Evans et al., 1989. 

H Information source codes: 

1. 100-Area Work Plans, 
in progress 

3. Stenner et al., 1988a,b 

2. Dorian and Richards, 1978 

4. Miller and Wahlen, 1987 

1 Present in groundwater above state and federal standards. 

1 Present in groundwater above Hanford site background concentrations. 

K Not available. 

A-68 



TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA 

CONTAMINANT OPERABLE POTENTIAL OROUNDWATER QUALITY DATA REOULATORY CRITERIA PRELIMINARY SOURCEIGI 
UNITS RELEASES"'' BACKOROUND 

(Kilogram CONCENTRA-
Quentitie• ) SAMPLE SAMPLE DETECTION STATE FEDERAL TION~ 

TYPE CONCENTRA- LIMIT'°' LIMIT'" LIMIT (µg ill 
TION RANoE•-0 (µg/ll (µg /ll (µgill 

(µgill 

Aabeato• BC-2. BC-5 A1beatoo uoed NA"' NA NA NA 7" NA 1 
in (BC-2. BC-5I (Primary 

Drinking 
Weter llmitl 

Chloride FR-1, HR-1. Aluminum NA NA 500 250 .000 NA 10,300 :t 1 
HR-3, FR-2 Chloride (HR- 11 (Wa•hington 6,500 

State Ground 
M ercuric Wate r Quality 
Chloride Standard • ) 

IHR-1. HR-3I 

Nicke l Chloride 
(HR· 1. HR-3I 

Pota, aium 
Chloride (FR-2I 

Sodium Chloride 
(HR-1. HR-3I 

Chlorine (HR- 11 
Uaed in BC-2 

Perchloric Acid 
(HR-1. HR-3I 

Hydrochloric 
Acid 

(HR· 1. HR-3) 
U• ed in BC- 2, 

DR-1 

Chlorine BC-2 , Chlorine (HR· 1. NA NA NA NA NA NA 1 
BC-6 , HR-3) 

HR-1, HR-3 Uoed in BC- 2 

See footnote key at end of table.• 
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED) 

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCE"" 
UNITS RELEASESw BACKGROUND 

(Kilogram CONCENTRA-
Ouantitieo} SAMPLE SAMPLE DETECTION STATE FEDERAL TIONIFI 

TYPE CONCENTRA- LIMIT'01 LIMIT'" LIMIT lµg/l} 
TION RANGEa.c, lµg/LI lµu/LI lµu/LI 

lµg/l} 

Cyanide HR-1 , HR-3 Cupric Cyanide NA NA 10 320 NA < 10 1 
Used in HR-1 (Model Toxics 

Control Act -
Cyanide (HR-1. Method Bl 

HR-3) 

Pota&• ium 
Cyanide Uaod in 

HA-1 

Sodium Cyanide 
U&od in HR-1 

Fluoride DR-1, FR-1 . Fluoride Woll 1300-2960 500 2,000 4000 370 ± 100 1 
HR-1, (DA-1 , FR-1. (Model Toxica (Primary 

HR-3'". HA-3) Control Act - Drinking 
NR-1 Method Bl Water limit} 

Florido Teat (Secondary 
Solution Drinking 
(NR-11 Water limit) 

Ammonium 
Fluoride 
(HR- 11 

Ammonium 
Hydrogen 

Fluoride (HR- 11 

Sodium Fluoride 
(HR-1} 

Hydrochloric HR-1, HR-3 Hydrochloric NA NA NA NA NA NA 1 
Acid Acid 

(HR-1, HR-31 

See footnote key at end of table. 
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED) 

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULA TORY CRITERIA PRELIMINARY SOURCE"" 
UNITS RELEASES"" BACKGROUND 

(Kllogrem CONCENTRA-
OuantltlH) SAMPLE SAMPLE DETECTION STATE FEDERAL TION"' 

TYPE CONCENTRA- LIMIT'01 LIMIT"' LIMIT C,,U/LI 
TION RANGE•·"' l,,u/LI Cµg/LI C,,U/LI 

C,,U/LI 

Nitrate BC-1, Aluminum Woll 86 · 500 10,000 10,000 NA 1 
BC-5UI Nitrate (HR-1I 1,020,000 (Washington (Primary 

DR-1. FR-1. State Ground Drinking 
HR-1, Nitric Acid Water Quality Water limit) 
HR-3, (HR-1I Standards) 
KR-1, 

KR-4u1• Nitrate 
NR-1 (BC-1, DR-1. 

FR-1. HR-3. 
KR-1. NR-1I 

Sodium Nit rate 
(HR-1I 

Nitri te HR-1, HR-3 Nitrite NA NA NA 1,000 (Model 1,000 NA 1 
(HR-1, HR-3I Toxic• (Primery 

Control Act - Drinking 
Method B. W • tor limit) 

MCLGI 

Phosphoric Acid FR-2. NR-1 Pho• phoric Acid NA NA NA NA NA NA 1 
(FR-2, NR-1I 

See footnote key at end of table. 
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TABLE AB-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED) 

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA PRELIMINARY SOURCEl<il 
UNITS RELEASES"" BACKGROUND 

(Kilogram CONCENTRA-
Ouantltleal SAMPLE SAMPLE DETECTION STATE FEDERAL TION"' 

TYPE CONCENTRA- LIMIT'0
' LIMIT"' LIMIT CPll/ll 

TION RANOEe.c, Cµg/LI Cµg/LI Cµg/LI 
Cµg/LI 

Sulfate BC-1. BC-2 Sulfate Well 14 · 500 250,000 NA 34,300 ± 1 
BC-5, (FR-1. NR- 11 2. 180.000 (Model Toxic• 16,900 
HR-1. Control Act -
HR-3. Aluminum Method B, 
KR-1. Sulfate Secondary 

KR-4. NR-1 (FR-1. HR-1I Drinking 
Water limitl 

Ammonium 

Sulfate (HR-1 I 

Cypric Sulfate 
(HR-1. KR- 11 

Ferric Sulfate 
U1ed in HR-1 

Ammonium 
Coric Sulfate 

(HR-1I 

Nickel Sulfate 
(HR-1I 

Sodium Sulfate 
(HR-1I 

Sulfuric Acid 
(BC-1 , BC-2, 

NR-11 
Uaod in FR-1 • 

KR-1 

See footnote key at end of table. 
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TABLE AB-3: GROUNDWATER NONMETALLIC 
IONS/COMPOUNDS DATA - FOOTNOTE KEY 

A Operable unit(s) where contaminant is considered a contaminant of concern. 
Information in parentheses indicates the operable units(s) which received waste 
constituent in greater the one kilogram quantities. Also given are the operable units 
where the contaminants were used in unknown quantities. 

8 Range includes the minimum and maximum concentrations in micrograms per liter 
(µg/L) for the listed operable units. Evaluated groundwater data was collected between 
1978 and 1986. 

c Concentration based on both filtered and unfiltered samples. 

0 Detection limit concentration in micrograms per liter (µg/L) for all the groundwater data 
reviewed, if available. 

E Most restrictive concentration, in micrograms per liter (µg/L), which was obtained from 
the Washington Ground Water Quality Standards or was obtained in the Model Toxics 
Control Act Cleanup Regulation using Method B. Federal standards do not exist. 
Where the Washington Groundwater Quality Standards are the most restrictive, 
enforcement limits may exceed these values when the natural groundwater quality 
exceeds the criteria or when other exceptions contained in WAC 173-200-050(3)(b) apply. 

F Background concentration for the Hanford site, in micrograms per liter (µg/L), from 
Pacific Northwestern Laboratory, 1989, and Evans et al., 1989. 

0 Information source codes: 

1. 100-Area Work Plans, 
m progress 

3. Stenner et al., 1988a,b 

8 Not available. 

2. Dorian and Richards, 1978 

4. Miller and Wahlen, 1987 

1 Units are in MFL (million fibers per liter longer than micro molar). 

1 Present in groundwater above state and federal limits. 

K Present in groundwater above Hanford site background concentrations. 

A-73 



TABLE AB-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS DATA 

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULA TORY CRITERIA SOURCEIEI 

UNITS RELEASESIAI ' 
(Kilogram Quantities) 

SAMPLE SAMPLE DETECTION STATE FEDERAL 
TYPE CONCENTRA- LIMIT LIMIT101 LIMIT 

TION18·c1 (µg/L) (µg/LI (µg/L) 
RANGE 
(µg/LI 

Benzene NR-1 Benzene NAF NA NA 3 (Model Toxics 5 1 
Used in Operable Control Act - (Primary 

Unit NR-1 Method Bl Drinking 
Water Limit) 

Chlorobenzene NR-1 Chlorobenzene NA NA NA 160 (Model NA 1 
Used in Operable Toxics Control 

Unit NR-1 Act · Method Bl 

Chloroform HR-31G1, NR-1 Used in HR-3, NR-1 Well 15 · 35 NA 7 (Washington 100 1 
State Ground (Primary 
Water Quality Drinking 

Standards) Water Limit) 

Trans-1,2- NR-1 trans-1,2- NA NA NA 100 (Model 100 1 
dichloroethene dichloroethene Toxics Control (Primary 

Used in Operable Act - Method B, Drinking 
Unit NR-1 MCLGI Water Limit) 

Ethyl benzene NR-1 Ethylbenzene NA NA NA 700 (Model 700 1 
Used in Operable Toxics Control (Primary 

Unit NR-1 Act · Method B, Drinking 
MCLG) Water Limit) 

Methylene FR-11G1, NR-1 Methylene Chloride Well 34 NA 5 5 1 
Chloride Used in FR-1, NR-1 (Washington (Primary 

State Ground Drinking 
Water Quality Water Limit) 

Standards) 

See footnote key at end of table. 
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CONTAMINANT 

Methyl lsobutyl 
Ketone (MIBK) 

Perchlorethlyene 
(Tetrachloro-
ethene, 
Tetrachloroethy-
lene 

Trichloroethene 

Xylenes 

TABLE AB-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS DATA 
(CONTINUED) 

OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULA TORY CRITERIA 
UNITS RELEASES'·" 

(Kilogram Quantities) 
SAMPLE SAMPLE DETECTION STATE FEDERAL 

TYPE CONCENTRA- LIMIT LIMIT101 LIMIT 
TION18·CI (µg/L) (µg/L) (µg/Ll 
RANGE 
(µg/L) 

NR-1 Methyl lsobutyl NA NA NA 800 NA 
Ketone Used in (Model T oi<ics 

Operable Unit NR-1 Control Act -
Method B) 

HR-3, NR-1 Tetrachloroethene Well 13 NA 0 .8 5 
Used in Operable (Washington (Primary 
Units HR-3, NR-1 State Ground Drinking 

Water Quality Water Limit) 
Standards) 

BC-1, BC-2, T richloroethene Well 14 - 35 NA 3 5 
BC-5, FR-1 1G1, (FR-1, HR-3I used in (Washington (Primary 

HR-3 BC-1, BC-2, BC-5 State Ground Drinking 
Water Quality Water Limit) 

Standards) 

NR-1 Xylene NA NA NA 1,000 10,000 
(Model Toxics (Primary 
Control Act - Drinking 

Method B, Water Limit) 
MCGL) 

See footnote key at end of table. 
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TABLE AB-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS 
DATA FOOTNOTE KEY 

A Operable unit(s) where contaminant is considered a contaminant of concern. Information 
in parentheses indicates the operable units(s) which received contaminant in greater than 
one kilogram quantities. Also given are operable units in which the contaminant was used 
in unknown quantities. 

8 Range includes the minimum and maximum concentrations in micrograms per liter (µg/L) 
for the listed operable units. Evaluated groundwater data was collected between 1978 and 
1986. 

c Concentration based on both filtered and unfiltered samples. 

0 Most restrictive concentration, in micrograms per liter (µg/L), which was obtained from 
the Washington Ground Water Quality Standards or was obtained in the Model Toxics 
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater 
Quality Standards are the most restrictive, enforcement limits may exceed these values 
when the natural groundwater quality exceeds the criteria or when other exceptions 
contained in WAC 173-200-050(3)(b) apply. 

E Information source codes: 

1. 100-Area Work Plans, 
m progress 

3. Stenner et al., 1988a,b 

F NA = Not available 

2. Dorian and Richards, 1978 

4. Miller and Wahlen, 1987 

0 Present in concentrations above state or federal limits. 

A-76 
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TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS DATA 

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DATA REGULATORY CRITERIA SOURCE101 

UNITS RELEASEIAI 
(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL 

Quantities) TYPE CONCEN- LIMIT LIMIT1c1 LIMIT 
TRATION181 (µg/L) (µg/Ll (µg/L) 

(µg/L) 

Acetic Acid HR-1, HR-3 Acetic Acid NAE NA NA NA NA 1 
(HR-1, HR-3) 

Bis(-2 - NR-1, NR-2 · Bis-(2-ethylhexyl) Well 15 - 26 NA 6 NA 1 
ethylhexyl) phthalate (Washington 
phthalate Used in Operable State Water 

Unit NR-1 Quality 
Standards) 

Ethylenediamine HR-1, HR-3 Ethylenediamine NA NA NA NA NA 1 
(HR-1, HR-3) 

Ethylenediamine HR-1, HR-3 EDTA NA NA NA NA NA 1 
tetraacetic Acid (HR-1, HR-3) 
(EDTA) 

Formic Acid HR-1, HR-3 Formic acid used NA NA NA NA NA 1 
in HR-1, HR-3 

Hydrazine HR-1, HR-3, Hydrazine NA NA NA .03 NA 1 
NR-1 (HR-1 , HR-3) (Washington 

Used in NR-1 State 
Ground 
Water 
Quality 

Standards) 

See footnote key at end of table. 
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TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS DATA (CONTINUED) 

CONTAMINANT OPERABLE POTENTIAL GROUNDWATER QUALITY DAT A REGULA TORY CRITERIA SOURCE101 

UNITS RELEASEIAI ~ 

(Kilogram SAMPLE SAMPLE DETECTION STATE FEDERAL 
Quantities) TYPE CONCEN- LIMIT LIMITCCI LIMIT 

TRATION181 (µg/L) (µg/L) (µg/L) 
(µg/L) 

PCBs BC-2, BC-5, PCBs NA NA NA 0.01 0.5 1 
Arochlor 1 016 KR-4, NR-1 Used in Operable (Washington (Primary 
Arochlor 1221 Units BC-2, BC-5 State Drinking 

KR-4, NR-1 Ground Water 
Water Limit) 
Quality 

Standards) 

Tetraethyl NR-1 Tetraethyl NA NA NA NA NA 1 
pyrophosphate pyrophosphate 

Used in NR-1 

Tetrahydrofuran NR-1, NR-2 Tetrahydrof uran Well 60 NA NA NA 1 
Used in NR-1, 

NR-2 

Thiourea HR-1, HR-3, Thiourea NA NA NA NA NA 1 
NR-1 (HR-1, HR-3) 

See footnote key at end of table. 
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TABLE AB-5: GROUNDWATER NONVOLATILE ORGANIC 
COMPOUNDS DATA - FOOTNOTE KEY 

A Operable unit(s) where contaminant is considered a contaminant of concern. Information 
in parentheses indicates the operable units(s) which received the contaminant in greater 
than one kilogram quantities. Also given are operable units in which contaminant was 
used in unknown quantities. 

8 Evaluated groundwater data was collected between 1978 and 1986; however, no data is 
available for the associated contaminants, except bis (-2-ethylhexyl) phthalate. 

c Most restrictive concentration, in micrograms per liter (µg/L), which was obtained from 
the Washington Groundwater Quality Standards or was obtained in the Model Toxics 
Control Act Cleanup Regulation using Method B. Where the Washington Groundwater 
Quality Standards are the most restrictive, enforcement limits may exceed these values 
when the natural groundwater quality exceeds the criteria or when other exceptions 
contained in WAC 173-200-050(3)(b) apply. 

0 Information source codes: 

1. 100-Area Work Plans, 
m progress 

3. Stenner et al., 1988a,b 

E NA = Not Available . 

2. Dorian and Richards, 1978 

4. Miller and Wahlen, 1987 

A-79 
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CONTAMINANT 

Tritium 

Carbon-14 

Calcium-41 

Cobalt-60 

See footnote key at end of table. 
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA 

OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE• 
UNITS INVENTORY BACKOROUND 

RANOEIA ... C.DI CONCENTRATION.,, 
!Curiel SAMPLE SAMPLE DETECTION RANOE 

TYPE CONCEN- LIMIT''.01 
lpCl/gl 

TRATION"' lpCl/gl 
RANOE 
lpCi/gJ 

BC-1"·"'. Tritium Soila. 2.7 X 10'1 NA" 2200 - 2400 1 
BC-2"1• BC-3'" (0 .208 · 11 .0001 Sludge• · 7 .3 X 104 

BC-4 . OA-1. 
OA-3 FA-1-"1• (BC-1. BC-2. 
FA-2. HA-1"'. BC-3. BC-4. 
KA-1. KA-2. OA-1. OA-3. 

NA-1 FA-1. FA-2. 
HA-1. KA-1. 
KA-2. NA-11 

(DA-2 operable 
unit contain• an 
Inventory 1011 

than one Curiel 

BC-4 . KA-2 Carbon-14 Soila 4.1 X 10-1 NA NA 1.3.4 
10.056 - 2201 · 4.3 X 10' 

IBC-4. KA-21 

IDA-1. HA-1. 
KA-1 operable 
unit• contain 

inventorioa ·1011 

than one Curiel 

KA-1 Calcium-41 uaod NA NA NA NA 1.3.4 
in operable unit 

KR-1 

BC-1"·"'. Cobalt-60 Soila. 3 .6 X 10'2 NA 0 .00467 • 0 .03660 1.3.4 
BC· 2"·"'. (1 .01128 • Sludge• - 1.3 X 101 

BC-3. BC-4. 767.31 
OA-1"·"'. 

DA-2. OA-3. (BC-1 . BC-2. 
FA-111

" . BC-3. BC-4. 
FA-2. HA-1 " ·"' FA-1. FA-2. 

KA-1"·"', OR-1. OA-2. 
KA-2. NA-1 OR-3. HA-1, 

KR-1. KA-2. 
NR-11 
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED) 

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE• 
UNITS INVENTORY BACKOROUND 

RANOE"'-".C.DI CONCENTRATION"" 
(Curiel SAMPLE SAMPLE DETECTION RANOE 

TYPE CONCEN- LIMIT''·01 
(pCl/gl 

TRATION~ (pCl/gl 
RANOE 
(pCi/g) 

Nickol-63 BC-1. BC-2. Nickol-63 Soil• , 1.2 X 10 1 NA NA 1,3,4 
BC-4, 0R-1. 116 - 144. 21 Sludge• - 6.9x104 

0R-3 , FR-2. 
HA-1. KA-1 (BC· 1. BC-2. 

BC-4 . 0R-1. 
0A-3. FA-2. 
HR-1. KR- 11 

Selenium-79 HR-1 Selenium· 79 NA NA NA NA 1.3.4 
uaed In operable 

unit HA-1 

Krypton-85 HA-1 Krypton-85 u•od NA NA NA NA 1.3.4 
in operable unit 

HR-1 

Strontium-90 BC-1. 8C-2. Strontium-90 Soil• • 2.2 X 10·• NA 0 .18 - 0 .59 :t 0 .6 1,3.4 
FA-l"·KJ. 10.35884 - 22. 11 Sludge• - 1.3 X 103 

FR-2. HR-1 " ·"'. 
HR-2. KA· 1 ' " (BC-1. BC-2. 

FA-1. FR-2. 
HA-1, HA-2. 

KR-11 

(8C-4 . 0R-1, 
OR-2 operable 
unit• contain 

inventoriea le11 
than one Curio) 

Zirconium-93 HR-1 Zlrconlum-93 NA NA NA NA 1.3.4 
u•od In operable 

unit HR-1 

Nloblum-94 HR-1 Nlobium-94 u•od NA NA NA NA 1,3,4 
In operable unit 

HR-1 

See footnote key at end of table. 
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED) 

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DAT A PRELIMINARY SOURCE• 
UNITS INVENTORY BACKGROUND 

RANOE"'.a.c.o, CONCENTRATION .. , 
(Curiel SAMPLE SAMPLE DETECTION RANGE 

TYPE CONCEN- LIMIT''.01 
(pCl/gl 

TRATION~ (pCl/gl 
RANGE 
(pCi/gl 

Technetium-99 BC-1, BC-2, T echnetium-99 NA NA NA NA 1,3,4 
HR-1, KR-1, used in operable 
FR-1, NR-1 unita BC-1, 

BC- 2, HR-1, 
KR-1. FR-1, 

NR- 1 

Palladium-107 HR-1 Palladium-107 NA NA NA NA 1,3.4 
uaed in operable 

unit HR-1 

Cadmium- 11 3 HR-1 Cadmium-113 NA NA NA NA 1,3,4 
uaed In operable 

unit HR-1 

Antimony· 1 25 NR-1 Antimony· 1 25 NA NA NA NA 1,3.4 
used in operable 

unit• NR-1 

iodine-129 KR-1. NR-1 Iodine-I 29 uaed NA NA NA NA 1.3,4 
in operable unit• 

KR· l , NR-1 

Ceaium-134 OR-2'". Ceaium-134 Solla, 1.ex10·• NA 0 .00429 - 0 .6780 1.3,4 
HR-1'". NR-1 (0.00001 - 141 Sludge• · 1. 2 X 103 

(NR-11 

(BC-1, DR-1, 
OR- 2, HR-1, 

KR· 1 operable 
unitl contain 

lnventorie1 leaa 
than one Curiel 

See footnote key at end of table. 



TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED) 

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DAT A PRELIMINARY SOURCE• 
UNITS INVENTORY BACKGROUND 

RANOE"'.a.c.o, CONCENTRA TION.,1 

(Curiel SAMPLE SAMPLE DETECTION RANOE 
TYPE CONCEN- LIMIT''·"' (pCl/gl 

TRJTION£1 (pCl/gl 
RANOE 
(pCi/gl 

Coaium-137 BC-1 . BC-2. Ceaium-137 Soila, 2.7 X 10·> 0 .6 · 0 .6 0 .00140 - 2.9 ± 1,3,4 
BC-4"'1• DR-1 11 • 3501 Sludges · 6 .3 X 101 3 .2 
FR-1 "''. FR-2 
HR-1"''. HR-2 (BC-1, BC-2, 
KR-1"'1• NR- 1 DR- 1. FR-1, 

NA-JU.Kl FR-2, HR-1. 
HR-2. KR-1, 

NR- 11 

(BC-4. BC-5. 
HR-3 operable 
unit• contain 

lnventorie1 le11 
than one Curiel 

Samarium-151 HR-1 Samarium-161 NA NA NA NA 1.3.4 
uaod in operable 

unit HR-1 

Europium-162 BC-1 u,. BC-2u'. Europium-152 Soila. 1.0 X 10·2 NA NA 1.3.4 
BC-4u'. DR-1 u,. I0.022B5 - Sludges - 6 .4 X 10' 
DR-3. FR-1 u,. 729 .571 
FR-2. HR-1u1• 

HR-2. KR-lu'. (BC-1, BC-2, 
KR-2 BC-4, DR-1. 

DR-3. FR-1. 
FR-2. HR-1. 
HR-2. KR-1, 

KR-2I 

(DR-2 operable 
unit contain• 

inventory loaa 
than one Curiel 

See footnote key at end of table. 
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED) 

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE• 
UNITS INVENTORY BACKGROUND 

RANOE"'.a.c.o, CONCENTRATION°'' 
(Curiel SAMPLE SAMPLE DETECTION RANGE 

TYPE CONCEN- LIMIT''AI lpCl/gl 
TRATIONIEI lpCi/gl 

RANGE 
(pCl/gl 

Europium• 1 54 BC· l"·"'. Europium-154 Soil• . 9 .5 X 10·• NA 0 .00197 - 0 .07820 1,3,4 
8C· 2"·"' . 10.00309 - Sludge• - 2 .9 x 10• 
BC-4"·"' . 213.111 
DR· l"·"' . 

DR-3, FR· 1"". (BC-2, BC- 3, 
FR-2. HR-1" ·"1• BC-4, DR-1, 
HR-2. KR· 1 " ·"' DR-3, FR-1. 

FR-2, HR-1. 
HR-2, KR· ll 

(BC-1, DR-2 
operable unit• 

contain 
inventorie• le11 
than one Curiel 

Radium· NR-1 Radium uood in NA NA NA NA 1,3,4 
226/228 operable unit 

NR -1 

Uranium DR-1" ·"' . Uranium Soila, 4.2 X 10·> 0.5 - 0 .6 0 .74 :1: 0 .15 1,3,4 
(Unapecifiedl HR-1'". (Unapeciliedl Sludge• - 1.4 X 104 

KR· l"·"' 10.04343 · 
0 .3219911 

BC-1, BC-2, 
FR-1. KR-1, 

HR· 1 operable 
unit• contein 

inventory ranges 
leu than one 

Curiel 

See footnote key at end of table. 



TABLE AB-6: SOURCES - RADIONUCLIDE DATA (CONTINUED) 

CONTAMINANT OPERABLE ESTIMATED SOIL QUALITY DATA PRELIMINARY SOURCE• 
UNITS INVENTORY BACKOROUND 

RANOE"'.a.C.DI CONCENTRA TION.,1 

(Curiel SAMPLE &AMPLE DETECTION RANOE 
TYPE CONCEN• LIMIT''·"' (pCl/gl 

TRATION"" (pCi/gl 
RANOE 
(pCl/gl 

Plutonlum-238 BC-2, DR· lu'. Plutonium-238 Soll• • 8 .1 "10·• NA NA 1.3.4 
NA· 1 10.006 - Sludge• · 1.6" 103 

420. 1961 

(BC-2, NA- 11 

(BC-1. 0R-1. 
HR-1, KA· l , 

operable unit• 
contain 

inventory range1 

le11 than one 
Curiel 

Plutonium- BC-1. BC-2"·"'. Plutonium- Soil• • 3.2" 10·> NA 4 .2 K 10·• 1.3.4 
239/240 DR· 1"·"'. 239/240 Sludge• • 1.6 K 103 

FR-1"·"'. 13.4" 10·> • 
HR-1"·"'. 20.61 

KA-1'". NA- 1 
(BC-1, BC-2, 
KR-1 . NR-11 

(OR-1. DA-2. 
FA- 1. FR-2. 
HR-1 . KR-2. 

KR-4 operable 
unita contain 

Inventory range• 
le II th an one 

Curiel 

Plutonlum-241 HA· l Plutonium· 241 NA NA NA NA 1,3.4 
uoed in operable 

unit HR-1 

Americium-241 HA-1 . KA-1 Americium-241 NA NA NA NA 1.3.4 
u•ed in operable 
unit HR· 1, KR· 1 

See footnote key at end of table. 
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TABLE AB-6: SOURCES - RADIONUCLIDE DATA 
FOOTNOTE KEY 

A Indicates inventory in greater than Curie quantities, unless otherwise specified. 

B Inventory range (in brackets) includes the minimum and maximum inventories for the 
listed operable units (in parentheses). For a single operable unit, the inventories for each 
waste unit within that operable unit were totaled to generate a single value. 

c Complete inventories are not available for all of the operable units. 

0 Radionuclide concentration has not been decayed to the present. 

8 Range includes the minimum and maximum concentrations in picoCuries per gram 
(pCi/g) found in samples for the listed operable unit(s). Evaluated data was collected 
between 1978 and 1986. 

P Range includes the minimum and maximum detection limit concentrations in picoCuries 
per gram (pCi/ g) for all data reviewed. 

0 No state or federal limit is available. 

H Range includes background concentrations in picoCuries per gram (pCi/g) from 100-Area 
Work Plans. 

r,,_ 
1 Information source codes: 

• 
-~ 

1. 100-Area Work Plans, 2. Dorian and Richards, 1978 
in progress 

3. Stenner et al., 1988a,b 4. Miller and Wahlen, 1987 

1 Present in soils/sediments/sludges above state and federal limits. 

K Present in soils/sediments/sludges above Hanford Site background concentrations. 

L NA = Not Available. 

A-86 



CONTAMINANT OPERABLE 
UNITS 

Aluminum HR-1, 
NR-1 

Boron BC-4 

Iron BC-2 
-

Lead BC-1 (HI, 
BC-2, 
BC-3, 
BC-4, 
OR-3, 
FR-1, 
FR-2, 
HR-1, 
HR-2, 
NR-1 

Manganese HR-1, 
DR-1, 
NR-1 

See footnote key at end of table. 
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TABLE AB-7: SOURCES - METALS DATA 

POTENTIAL SOIL QUALITY DAT A REGULATORY 
RELEASEs1• 1 CRITERIA 

(Kilogram 
Quantities) SAMPLE SAMPLE DETECTION STATE 

TYPE CONCEN- LIMIT'Cl LIMIT1DI 

TRATION181 (µg/kgl (µg/kgl 
RANGE 
(µg/kgl 

HR-1, NR-1 NA NA NA 5,000 
(Model Toxics 
Control Act -

Method Bl 

Boron Splines NACGI NA NA 7,200,000 
(BC-4) (Model Toxics 

Control Act -
Method Bl 

Iron used in NA NA NA NA 
BC-2 

Lead (BC-3, Soil 94,000 - 500 112,000 
BC-4, DR-3, 250,000 (Model Toxics 
FR-2, HR-1, Control Act -
HR-2, NR-1) Method Bl 
Used in BC-2 

Lead Acetate 
Battery Fluid 

(NR-1) 

Lead 
Cadmium 

Poison Slugs 
(BC-4, DR-3, 
FR-2, HR-2) 

Used in NA NA NA 8,000,000 
operable units (Model Toxics 
HR-1, OR-1, Control Act -

NR-1 Method Bl 

PRELIMINARY SOURCE(FI 
BACKGROUND 

CONCENTRA TIONCEI 
RANGE 
(µg/kgl 

NA 1 

NA 1 

NA 1 

2,580 - 12,700 1,3 

NA 1,3,4 



~ 
00 
00 

CONTAMINANT OPERABLE 
UNITS 

Sodium BC-1, 
BC-2 

Vanadium DR-1, 
FR-1, 
NR-1 

See footnote key at end of table. 
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TABLE AB-7: SOURCES - METALS DATA {CONTINUED) 

POTENTIAL SOIL QUALITY DATA REGULATORY PRELIMINARY SOURCE1F1 

RELEASES(AI CRITERIA BACKGROUND 
(Kilogram CONCENTRA TION1E1 

Quantities) SAMPLE SAMPLE DETECTION STATE RANGE 
TYPE CONCEN- LIMIT(CI LIMIT1DI (µg/kg) 

TRATION181 (µg/kg) (µg/kg) 
RANGE 
(µg/kg) 

Sodium NA NA NA NA NA 1 
Dichromate 

used in BC-1 , 
BC-2 

Fluoride 
(BC-2) 

Oxalate used 
in BC-1 

Sulfamate 
used in BC-2 

Used in NA NA NA 560,000 NA 1,3,4 
operable units (Model Toxics 
DR-1, FR-1, Control Act -

NR-1 Method Bl 
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TABLE AB-7: SOURCES - METALS DATA 
FOOTNOTE KEY 

A Operable unit(s) where contaminant is considered a contaminant of concern. Information 
in parentheses indicates the operable units(s) which received contaminant in greater than 
one kilogram quantities. Also given are operable units where the contaminant was used 
in unknown quantities. 

8 Range includes the minimum and maximum concentrations in micrograms per kilgram 
(µg/kg) found in soil, sediment, or sludge samples for the listed operable units. Evaluated 
data were collected between 1978 and 1986 and were obtained from DOE-RL, 1991a. 

c Detection limit concentration in micrograms per kilogram (µg/kg) for all data reviewed, 
if available. 

n Concentration, in micrograms per kilogram (µg/kg), which was obtained in the Model 
Toxics Control Act cleanup regulation using Method B. There are no federal limits. 

E Background concentration range for the Hanford Site, in micrograms per kilogram 
(µg/kg), from Chou, 1989, and WHC, 1991. Because of the limited data available, these 
values have not been verified. 

F Information source codes: 

1. 100-Area Work Plans, 
in progress 

3. Stenner et al., 1988a,b 

0 NA = Not Available 

2. Dorian and Richards, 1978 

4. Miller and Wahlen, 1987 

H Present in concentrations within or above Hanford Site background concentrations. 

A-89 



TABLE AB-8: SOURCES - NONMETALLIC IONS/COMPOUNDS DATA 

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY CRITERIA SOURCE"' 
UNITS RELEASES''" 

(Kilogram Ouantltioa) SAMPLE SAMPLE DETECTION STATE PRELIMINARY 
TYPE CONCEN- LIMIT'CI LIMIT'01 BACKGROUND 

TRATION .. (µg/kg) (µg/kg) CONCENTRATION"' 
RANGE RANGE 
(µg/kg) (µg/kgl 

Ammonium/ FR-1, HR-1 Ammonium NA"" NA NA NA Below Detection 1 
Ammonia IFR- 11 Limit"' - 3000 

Ammonia/Ammonium 
Citrate/Ammonium Coric 

Sulfate/Ammonium 
Fluoride/Ammonium 
Hydrogen Fluoride/ 

Ammonium 
Mono hydrogen 

Orthophosphate / 
Ammonium Peroulfate 

IHR-1) 

Asbeato1 BC-2 Aabeatoa used in NA NA NA NA NA 1 
operable unit BC-2 

Chloride BC-2 Hydrochloric Acid u1ed NA NA NA NA NA 1 
in BC-2 

Cyanide HR-1. NR-1 Cupric Cyanide used in NA NA NA 1,600.000 NA 1 
HR-1 (Model 

Toxic• 
Cyanide Control Act 

IHR-1. NR-11 - Method Bl 

Potauium Cyanide used 
in HR-1 

Sodium Cyanide used in 
HR-1 

See footnote key at end of table. 



TABLE AB-8: 

CONTAMINANT OPERABLE 
UNITS 

Fluoride BC-1. BC-2. 
DR-1. FR-1. 
HR-1. NR-1 

Nitrate BC-1. BC-2. 
BC-3, DR-1. 
FR-1, HR-1. 
KR-1. NR-1 

Nitrite HR-1 

Sulfate BC-1. BC-2, 
KR-2 

See footnote key at end of table. 
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SOURCES - NONMETALLIC IONS/COMPOUNDS DATA (CONTINUED) 

POTENTIAL SOIL QUALITY DATA REOULATORY CRITERIA SOURCE"' 
RELEASES ... , 

(Kilogram Ouentitieal SAMPLE SAMPLE DETECTION STATE PRELIMINARY 
TYPE CONCEN- LIMIT'0 ' LIMIT'0

' BACKOROUND 
TRATION• (µg/kgl (µg/kgl CONCENTRATION'"' 

RANOE RANOE 
(µg/kgl (µg/kgl 

Fluoride NA NA 1.000 NA Below Detection 1 
(DR-1 . BC-2. Limit - 6 

FR- 11 

Fluoride Teat Solution 
(NR-11 

Ammonium Fluoride 
(HR- 11 

Ammonium Hydrogen 
fluoride (HR-1 l 

Sodium Fluoride 
(HR- 11 

Uoed in BC-1. BC-2 

Aluminum Nitrate (HR-1 l NA NA 1.000 NA Below Detection 1 
Limit 

Nitric Acid 
(HR-11 

Uaed in BC-1, BC-2 

Nitrate 
(BC-1 . BC-2. BC-3, 

0R-1. FR- 1. KR-1. NR-11 

Sodium Nitrate (HR-1 l 

Nitrite NA NA NA NA Below Detecion 1 
(HR- 11 Limit 

Sulfuric Acid NA NA NA NA NA 1 
uaed in BC-1 . BC-2. 

KR-3 
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TABLE AB-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS DATA 

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DAT A REGULATORY SOURCEIEI 
UNITS RELEASES1" 1 CRITERIA 

(Kilogram 
DETECTION STATE Quantities) SAMPLE SAMPLE 

TYPE CONCEN- LIMITICI LIMIT101 

TRATION181 (µg/kg) (µg/kg) 
(µg/kg) 

Acetic Acid HR-1 Acetic Acid NAIFI NA NA NA 1 
(HR-1) 

Bis (2 - NR-1 Bis (2 -ethylhexyl) NA NA NA 71,400 1 
ethylhexyl) phthalate (Model Toxics 
phthalate Used in Operable Control Act -

Unit NR-1 Method Bl 

Ethylenediamine HR-1 Ethylenediamine NA NA NA NA 1 
(HR-1I 

Ethlenediamine HR-1 EDTA NA NA NA NA 1 
Tetraacetic (HR-1) 
Acid (EDTA) 

Formic Acid HR-1 Formic Acid NA NA NA NA 1 
(HR-1) 

Hydrazine HR-1, NR-1 Hydrazine NA NA NA NA 1 
(HR-1 , NR-1 l 

PCBs BC-1, BC-2, PCBs NA NA 0 130 1 
Arochlor 101 6 KR-1 Used in Operable (Model Toxics 
Arochlor 1221 Units BC-1 , BC-2, Control Act -

KR-1 Method Bl 

See footnote key at end of table. 
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TABLE AB-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS DATA (CONTINUED) 

CONTAMINANT OPERABLE POTENTIAL SOIL QUALITY DATA REGULATORY SOURCEIEI 

UNITS RELEASES IA) CRITERIA 
(Kilogram 

SAMPLE DETECTION STATE Quantities) SAMPLE 
TYPE CONCEN- LIMIT1c1 LIMIT101 

TRATION181 (µg/kg) (µg/kgl 
(µg/kg) 

Petroleum BC-1, KR-1, Diesel Oil NA NA NA NA 1 
Products/Diesel NR-1 (NR-1I 
Oil 

Petroleum 
Products 

(BC-1, KR-4) 

Tetraethyl- NR-1 Tetraethyl- NA NA NA NA 1 
pyrophosphate pyrophosphate 

Used in Operable 
Unit NR-1 

Tetrahydrofuran NR-1 Tetrahydrofuran NA NA NA NA 1 
Used in Operable 

Unit NR-1 

Thiourea HR-1, NR-1 Thiourea NA NA NA NA 1 
(HR-1I 

Diethylthiourea 
(NR-1I 

See footnote key at end of table. 
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TABLE AB-9: SOURCES - NONVOLATILE ORGANIC 
COMPOUNDS DATA - FOOTNOTE KEY 

A Operable unit(s) where contaminant is considered a contaminant of concern, based on 
potential releases and/or associated soil quality data. Operable units in parentheses 
are those which received the contaminant in greater than one kiolgram quantities. Also 
given are operable units in which the contaminant was used in unknown quantities. 

8 Evaluated data were collected between 1978 and 1986; however, no data are available 
for the associated contaminants. 

c Detection limit concentrations in micrograms per kilogram (µg/kg) for all data reviewed, 
if available. 

~Concentration, in micrograms per kilogram (µg/kg) , which was obtained in the Model 
Toxics Control Act Cleanup Regulation using Method B. 

e Information source codes: 

1. 100-Area Work Plans, 
in progress 

3. Stenner et al., 1988a, b 

F NA= Not Available 

2. Dorian and Richards, 1978 

4. Miller and Wahlen, 1987 
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APPENDIX AC 
REGULATED CHEMICAL CONTAMINANTS 
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TABLE AC-1: REGULA TORY DETERMINA 110N 

COMPREHENSIVE 
ENVIRONMENTAL 

RHPOUE, NATIONAL Oil TOXIC PRIMARY aTATI Of 
COMPENSATION, AND HAZAROoua aUUTANCH DRINKING WASHINGTON 

AND auUTANCEa CONTROL WATER RULH MODEL TOXICa 
CONTAMINANTa LIA.._ITY ACT POLLUTION ACT 140 CFR WAaHINOTON CONTIIOl ACT 
RELEAaED IN THE ICERCLAI CONTINGENCY PLAN fTaCAI .. ,., .. , OIIOUNDWATIR CLEANUf' NOT 

100-AREA 140 CFR 1302.41 140 CFR 1300.3(al(1)1 140 CAI na11 AND 141.a21 aTANDARDa REOULATIONa REOULATED 

1, 1, 1-Trichloroath- X X X X 

Acetic Acid X 

Acetone X X 

Aluminum X 

Aluminum Chloride X 

Aluminum Fluoride X 

Aluminum Nitrate X 

Aluminum Sulfate X 

Ammonium X 
Monohydrogen 
Orthophoaphate 

Ammonium Carie X 
Sulfate 

Ammonium Fluoride X 

Ammonium Hydrogen X 
Fluoride 

Ammonium Pwraulfete X 

Araenic X X X X 

Aabeatoa X X 

Barium X X X X 

Barium Pwrchlorate X 

Benzene X X X X 

Beryllium X X 

Beryllium Sulfate X 



TABLE AC-1: REGULATORY DETERMINATION (CONTINUEDI 

COMPREHEUIVE 
ENVIRONMENTAL 

RHl'OUE, NATIONAL OIL TOXIC PRIMARY STATIOf 
COMl'IUA TION, AND HAZARDOlJa SUUTANCH DRINKING WASHINGTON 

AND SUUTANCIS CONTIIOL WATER RULH MOD£L TOXICS 
CONTAMINANTS LIAIILITY ACT POLLUTION ACT 140 Cf'II WASHINGTON CONTIIOL ACT 
RELEASED IN THE ICIRCLAI CONTINGENCY PLAN tTSCAI 11141.•1 CIIIOUNOWATU ClUNIW NOT 

100-AREA 140 CFII 1302.41 140 CFII 1300.3l•ll111 140 en ne11 AND 141.121 STANDARDS REGULA TIONa RECIULATID 

Bia 12-ethylhexyll X X X 
phthelete 

Boric Acid X 

Boron X 

Cadmium X X X X 

Calcium X 

Chloride (Including X X 
chloride Ion from 
releeMa of Aluminum 
Chloride, Hydrochloric 
Acid, Men::uric 
Chloride, Nickel 
Chloride, Potenium 
Chloride, and Sodium 
Chloride) 

Chlorine X 

Chlorobanzane X X 

Chloroform X X X 

ChoUne Chlolida X 

Chromic Acid X 

Chromium, Hexevelant X X X X 
tlncludlng chromium 
Ion from relaaMa of 
Chromic Acid, 
Poteulum Dlchromate, 
Sodium Chromate, end 
Sodium Dlchrometel 

Citric Acid X 

Citric Acid Solution•. X 
Ammoniated 



TABLE AC-1: REGULATORY DETERMINATION (CONTINUED) 

COMPREHENSIVE 
ENVIRONMENTAL 

IIHl'ONaE, NATIONAL OIL TOXIC PRIMARY ITATIOf 
COMl'ENaATION, ANO HAZARDOUS aUNTANCH DIUNKING WAaHINGTON 

ANO aUUTANCEa CONTIIOL WA TEii IIULH MODEL TOXICS 
CONTAMINANTa LIAIILITY ACT POLLUTION ACT l40CFII WASHINGTON CONTIIOL ACT 
RELEAHD .. THE ICEIIClAI CONTINGENCY Pt.AN (TaCAI 11141 .11 GflOUNDWA TIii Cl.IA .. NOT 

100-AREA 140 CFII 1302.41 140 CFR 1:,ocu,.11111 140 CPR 17111 ANO 141.QI ITANDAIIDS MCIULATIONa MGULATED 

Cobalt X 

Copper X X X 

Cupric Cy anld• X 

Cupric Oxid• X 

Cupric Sulf•t• X 

Cyanide Uncludlng X X X 
cyanide Ion from 
rwleaHa of Cupric 
Cyanide. Pot• ulum 
Cyanide, end Sodium 
Cy• nidel 

Cyclotetruilox• na, X 
octornethyl 

Oeoxycholic Acid X 

OleHIOil X 

Oleth• nol• mlna X 

Olethylthlourw• X 

Ethylbenz• na X X X 

Ethylenadl• mine X 

Ethylenadlemlna X 
tetr•• cetic Acid 
IEDTAI 

F•nic Oxide X 

Fenic Sulf• t• X 
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TABLE AC-1: REGULA TORY DETERMINATION (CONTINUEDt 

COMPREHENSIVE 
ENVIRONMENTAL 

IIEll'ONSE, NATIONAL OIL TOXIC PRIMARY ITATEOf 
COMPENSATION, ANO HAZAROOUI IUNTANCH DfUNKJNO WAIHINOTON 

AND IUIITANCEI CONTIIOL WATEII IIULEI MOO£L TOXICI 
CONTAMINANTI LIAIILITY ACT POLLUTION ACT 140Cfll WAIHINOTON CONTIIOL ACT 
RELEAIED • THE ICEIICLAI CONTINGENCY PLAN ITICAI 11141.11 OROUNOWATIII CUA .. NOT 

100.AREA 140 Cfll 1302.41 140 Cfll 1300.31all111 140 Cl'II 17111 AfC> 141.12) ITAfC>ARDI IIEOULATIONI IIEOULATED 

Fluoride lincludlng X X X 
fluoride Ion from 
,. ...... of Aluminum 
Fluoride. Ammonium 
Fluoride, Ammonium • 
Hydrogen Fluoride, 
Lhhlum Fluoride, and 
Sodium Fluoride! 

Formic Acid X 

Or•phhe X 

Hexane X 

Hydrazine X 

Hydrobromlc Acid X 

Hydrochloric Acid X 

Hydrogen Peroxide X 

Hydrolodlc Acid X 

Hypophoephorue Acid X 

Iron Uncludlng Iron Ion X X 
from ,.i.a .. • of Ferric 
Oxide and Ferric 
Sulf• tel 

Lead X X X X 

Lithium X 

lithium Fluoride X 

M•gneeium X 

Menganeee X X 

Mercaptoacetic Acid X 



CONTAMINANTS 
RELEASED IN THE 

100-AREA 

Mercuric Chloride 

Mercuric Nitrate 

Mercury 

Methyl l•obutyl Ketone 
(MIBKI (4-mathy-2-
pentanonel 

Methylene Chloride 

Molybdenum 

Morpholine 

Nickel 

Nickel Chloride 

Nickel Oxide 

Nickel Sulfate 

Nitrete (-• Nitrogenl 
(lncludlng nitrate Ion 
from nolea••• of 
Alumlnum Nitrate, 
Mercuric Nitrate, 
Pot-•• ium Nitrate, 
Sodium Nitrate, and 
Nitric Acidl 

Nitric Acid 

Nitrite (ea Nitrogen) 
!Including nitrite Ion 
from nolea•e • of 
Sodium Nitrite) 

Oxalic Acid 

Palladium 

r.1'.J I '.JO J q m '4 M ,J~J J ,~ .~ § I 

TABLE AC-1: REGULATORY DETERMINATION (CONTINUED) 

COMPREHENSIVE 
ENVIRONMENT AL 

IIHPOME, NATIONAL OIL TOXIC PRIMAIIY 
COMP£NaATION, AND HAZARD0Ua SUNTANCfS DRINKING 

AND SUUTANCfS CONTIIOL WATEII IIUlH 
LIAIILITY ACT POLLUTION ACT 140Cf'II WASHINGTON 

ICfRCLAI CONTINOENCY ft.AN ITSCAI 11141 .S1 CJROUNDWA TER 
140 CFR 1302.41 140 CFR 1300.3(• 11111 140 Cf'II 17811 AND 141.S21 STANDARDS 

X 

X 

X X X 

X X 

X X 

X 

X 

X 

X 

X X 

X 

X 

STATE Of 
WASHINGTON 

MODEL TOXICS 
CONTIIOL ACT 

CLEANUP NOT 
IIEOUI.A TIONa IIEOULATED 

X 

X 

X 

X 

X 

X 

X 
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TABLE AC-1: REGULATORY DETERMINATION (CONTINUED) 

COMPREHEN81VE 
ENVIRONMENTAL 

11Hf'ON8E, NATIONAL Oil TOXIC l'IIIMAIIY HATE Of 
COMPEN8A TION, AND HAZARDOlJa 8UNTANCH DRINKING WAaHINGTON 

AND 8UUTANCH CONTROL WATIII IIULE8 MODEL TOXIC• 
CONTAMINANT• LIAIIILITY ACT f'OLLUTION ACT 140 CFII WASHINGTON CONTIIOL ACT 
IIELEA•EO IN THE ICERCLAI CONTINGENCY ft.AN IT8CAI 11141.81 QROUNDWA TEii CUANW NOT 

100-AREA 140 CfR 1302.41 140 CfR U00.31all1JI 140 CfR 11•11 AND 141.821 aTANDAIIDS IIEGUU TIONS IIEGUl.ATED 

Pllf'chloric Acid X 

Perchloroethyl• n• X X X X 
ITetr•chloroethene. 
Tetrechloroethyl• nel 

Petrol• um Product• X 

Pho1phate X 

Pho1phomolybdic Acid X 

Pho1phoric Acid X 

Pho1phoru1 PentoKlda X 

Polychlorinated X X X X X 
Blphenyle IPC8•1 

PotaHium X 

PoteHium Borate X 

PoteHium Chlorlde X 

PotHeium Cyanlda X 

PotaHium Dichromate X 

PotH1ium Nitrate X 

Silicon X 

Sodium X 

Sodium Acatata X 

Sodium Alumlnata X 

Sodium Borata X 

Sodium Carbonate X 

Sodium Chlorlda X 



~----------·-- ---

TABLE AC-1: REGULATORY DETERMINATION (CONTINUED) 

COMPREHENSIVE 
ENVIRONMENT AL 

RESPONSE, NATIONAL OIL TOXIC PRIMARY ITATE Of 
COMl'fNSA TION. ANO HAZARDoua aUUTANCEa DRINKING WAaHINGTON 

AND aUUTANCEa CONTROL WATER RULH MOD£L TOXICS 
CONTAMINANTa LIAall.lTY ACT POLLUTION ACT 140 Cfll WASHINGTON CONTIIOl ACT 
RELEAaED IN THE ICERCLAI CONTINGENCY PLAN ITaCAI 11141.11 OIIOUNDWATER CUANUI' NOT 

100-AREA 140 Cfll 1302.41 140 CFR 1300.31•11111 140 Cfll na11 ANO 141.UI ITANOARDa REOUI.A TIONa IIEOUlATED 

Sodium Chromata X 

Sodium Cltrata X 

Sodium Cyanide X 

Sodium Dichromat• X 

Sodium EDTA X 

Sodium Fluoride X 

Sodium Formate X 

Sodium Hydroaulflte X 

Sodium Hydroxide X 

Sodium Hypophoaphlte X 

Sodium Monohydrogen X 
OrthoarHnate 

Sodium Nitrate X 

Sodium Nitrite X 

Sodium Oxalata X 

Sodium Phoaphate X 

Sodium Sulfemate X 

Sodium Sulfate X 

Sodium Sulfite X 

Strontium X 

Sulfemic Acid X 



TABLE AC-1: REGULATORY DETERMINATION CCONTINUED) 

COMPREHENSIVE 
ENVIRONMENTAL 

IIHPONaE, · NATIONAL Oil TOXIC PRIMARY aTATE Of 
COMP£NaATION, ANO HAZAROoua aUNTANCEa DRINKING WAltMGTON 

AND IUUTANCEI CONTIIOL WATEII IWLH MODEL TOXICa 
CONTAMINANTa LIAIILITY ACT POLLUTION ACT l40Cfll WAaHINGTON CONTROL ACT 
IIELEAIED .. THE ICEIIQ.AI CONTINGENCY Pl.AN ITICAI 11141.11 CNIOUNOWA TIii a.u..- NOT 

100-AIIIA 140 CFII 1302.41 140 CfR 1300.31all111 140 Cfll 17111 AND 141.'21 ITANOAIIOa IIECIULA TIONa IIEOUlATED 

Sulfate (Including X 
aulfate from NleaHa 
of Aluminum Sulfate, 
Ammonium Cane 
Sulfate, Ammonium 
Peraulfate, Cupric 
Sulfata, Ferric Sulfate, 
Nickel Sulfeta, Sodium 
Sulfate, and Sulfuric 
Acid) 

Sulfuric Acid X 

TetrHthyl X 
pyrophoaphate 

T etrahydrofuran X 

Thlourea X 

rnanium X 

Toluene X X 

trano-1,2- X 
dichloroethene 

Trichloroacetic Acid X 

Trichloroethane, X X X X 
Tnchloroethylene 

u ... X 

Vanadium X 

Vanadium Pentoxlde X 

Xylenea X X X 

Zinc X X X 

Zirconium X 
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TABLE AD-1: GROUNDWATER RADIONUCLIDES - DECISION LOGIC 
(Also ... Table AB-1) 

Y = Yes 
N • No 

RADIONUCLIDE a+ 

Tritium 

Carbon-14 

Calcium-41 

Chromium-51 

Manganeae-54 

Cobalt-60 

Nickel-63 

Zinc-65 

Selenium-79 

Krypton-85 

Strontium-90 

Zirconium-93 

Niobium-94 

Technetium-99 

Ruthenium-103 

Ruthenium-106 

Palladium-107 

Cadmium-11 3 

Antimony-125 

lodine-129 

lodine-131 

Cesium-134 

NS .. Not Sure 
D • Deleted as a contaminant 
S = Suspect contaminant 
C0C = Regulatory Contaminant of Concern 

HALF-LIFE 
> 2 YEARS1 ,q, 

y 

y 

y 

N--101 

N--101 

y 

y 

N--101 

y 

y 

y 

y 

y 

y 

N--101 

N--101 

y 

y 

y 

y 

N--101 

y 

IIECOIID8 EXCEED UMIT8 
AVAI.AILE1 ... IIACKGROUND1 =t- AVAI.AILE1 ... 

y y y 

Y--IC0CI 

N-(C0CI 

y y y 

N--IC0CI 

N-(C0CI 

N--IC0CI 

y y y 

N--IC0CI 

N--IC0CI 

y y y 

N-tC0CI 

N--IC0CI 

y y y 

N--IC0CI 

N--IC0CJ 

EXCEED 
IIIEG~TORY 

UMITT 

Y-tCOCI 

Y-ICOCI 

Y-ICOCI 

N-ISI 

N-ISJ 
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TABLE AD-1: GROUNDWATER RADIONUCLIDES - DECISION LOGIC (Continued) 

Y = Yes 
N = No 

RADIONUCUOE .... 

Ceeium-137 

Cerium-144 

Samarium-151 

Europium-152 

Europium-1 54 

Europium-155 

Radium-228 
/ 228 

Uranium-136/na 

Uranium-238 

Plutonium 

Plutonium--/2'° 
Americium-241 

Ptutonium-241 

NS -= Not Sure 
D = Deleted es a contaminant 
S = Suspect contaminant 
COC = Regulatory Contaminant of Concern 

HALF-LIFE RECORD8 
>2YEAR87 ~ AVAILABLE1 ... 

y y 

N-101 

y N,.ICOCI 

y y 

y y 

N-1D1 

y N-ICOCI 

y y 

y y 

y y 

y y 

y N--tCOCI 

y N--tCOCI 

EXCEED 
EXCEED UMIT8 REGULATORY 

UCKQROUND7 ~ AVAILAILE7 * LNm 
y y N,.ISI 

y y Y-ICOCI 

y y N,.ISI 

y y Y-ICOCI 

y y Y-ICOCI 

y y Y-ICOCI 

y y Y-ICOCI 



Y • Yes 
N s No 

CONTAMINANT =+ 

Aluminum 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel 

NS = Not Sure 
D = Deleted as a contaminant 
S = Suspect contaminant 

93130 I !3 .. ~ 748 

TABLE AD-2: GROUNDWATER METALS - DECISION LOGIC 
(Also aee Table AB-2) 

RELEAamTo IIECORDa EXCEED UMITa 
ENVIRONMENn ... REOULATm1 .... AVAll.All.£1 .... UCKGROUND1 a+ AVAIAIIE1-+ 

y N-+(D) 

y y y y y 

y y y y y 

y y N-+(COC) 

y y y y y 

y y y y y 

y N-+[DI 

y y y y y 

y y N-+[COCI 

y y y y y 

y y y N-+[SI 

y y y y y 

y N-+[DI 

y N-+[DI 

y y y y y 

y y N-+[COCI 

y N-+[D) 

y y y y y 

COC = Regulatory Contaminant of Concern 

EXCEED 
IIEGULATOIIY 

UMm 

Y-+(COCJ 

Y-+(COC) 

N-+ISI 

Y-+(COC) 

Y-+[COCJ 

N-+ISI 

Y-+[COCI 

Y-+[COCJ 

N-+[SI 



TABLE AD-2: GROUNDWATER METALS· DECISION LOGIC (Continued) 

Y = Yes 
N = No 

CONTAMINANT =t-

Potassium 

Silicon 

Strontium 

Titanium 

Vanadium 

Zinc 

Zirconium 

NS = Not Sure 
D = Deleted as a contaminant 
S = Suspect contaminant 

RELEA&mTO 
ENVIRONMENn =t-

y 

y 

y 

y 

y 

y 

y 

COC = Regulatory Contaminent of Concern 

RECORDS EXCEED LIMITS 
REGULA TED1 ~ AVAILABLE? =t- IACKGROUND1 =t- AVAll.AllE1 ... 

N-IDI 

N-(D) 

N-(D) 

N-+(DI 

y y y y 

y y y y 

N-+[DI 

EXCEED 

REGULATORY 
LIMITT 

N-ISI 

N-ISI 



TABLE AD-3: GROUNDWATER NONMETALLIC IONS/COMPOUNDS - DECISION LOGIC 
(Also ... Table AB-3) 

Y = Yes 
N .. No 

CONTAMINANT :at-

Ammonium/ 
Ammonia 

Asbeeto1 

Chloride 

Chlorine 

Cyanide 

Fluoride 

Hydrochloric Acid 

Hydrogen Peroxide 

Hydroiodic Acid 

Hypophos-
phourous Acid 

Nitrate 

Nitrite 

Perchloric Acid 

Phosphate 

Phosphoric Acid 

Sulfate 

Sulfumic Acid 

NS • Not Sure 
D = Deleted as • contaminant 
S .. Suspect contaminant 

ftELEA8ED TO 
ENVIRONMENTI =+ 

y 

y 

y 

y 

y 

y 

y 

y 

V 

V 

y 

y 

y 

V 

V 

y 

y 

cnr- - Regulatory Contaminant of Concern 

REGULATED7 .. 

y 

y 

y 

y 

y 

y 

y 

N-1D1 

N--1D1 

N--1D1 

y 

y 

N-1D1 

N-1D1 

y 

y 

N--1O1 

EXCEED 
RECOR08 EXCEED UMIT8 REGULATORY 

AVAILAILE7 ... IIACKGROUND7 :+ AVAILAILE7 =+ UMITT 

y y y N-ISI 

N-(COCI 

N-(COCI 

N-(COCI 

N-(COCI 

y y y Y-ICOCI 

N-ICOCI 

y NS y Y-ICOCI 

N-tCOCI 

N--ICOCI 

y y y Y-ICOCI 



TABLE AD-4: GROUNDWATER VOLATILE ORGANIC COMPOUNDS - DECISION LOGIC 
(Also ... Table AB-4) 

V "'Yes 
N = No 

CONTAMINANT =t-

Acetone 

Benzene 

Chlorobenzene 

Chloroform 

Ethylbenzene 

Hexane 

Methyl iaobutyl 
Ketone 

Methylene chloride 

P11rchloro11thyl11n11 

Toluene 

Trena-1,2-
dichloroethane 

Trichloroethane 

Xylenes 

NS = Not Sure 
D = Deleted es a contaminant 
S • Suspect contaminant 

IIB.EAaEDTO 
ENVIRONMENT? =t-

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

COC = Regulatory Contaminant of Concern 

REGULA TED7 a+ 

y 

y 

y 

y 

y 

N...fDJ 

y 

y 

y 

y 

y 

y 

y 

EXCEED 

RECORDS EXCEED UMITa IIEGULATOIIY 
AVAI.All.£1 =t- IACKGROUND7 =t- AVAI.AllD .... UMm 

y NS y N-{SJ 

N...(COCI 

N-{COCJ 

y y y Y...fCOCJ 

N-COC 

N...(COCJ 

y y y Y...fCOCI 

y y y Y...(COCJ 

y NS y N-{SJ 

N...(COCJ 

y NS y Y...(COCJ 

N...(COCJ 



TABLE AD-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC 
(Also see Table AB-5) 

Y = Yes 
N • No 

CONTAMINANT ... 

4-Methyl-2-
Pentanona 

Acetio aoid 

Ammoniated citric 
acid 11olution11 

Bia-12-ethyl hexyll 
phthalate 

Citric acid 

Cyclotatreailoxane, 
octamethyl 

Deoxycholic acid 

Diethanolemine 

Diethylthiouree 

Ethylene diamine 

Ethylene diemine 
tetraacetic acid 

Formic acid 

Graphite 

Hydrazine 

Mercaptacetic acid 

Morpholine 

NS - Not Sure 
D = Deleted as a contaminant 
S = Suspect contaminant 

RELEAlmTO 
ENVIRONMENT? .... 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

COC = Regulatory Contaminant of Concern 

EXCEED 
IIECORDI EXCEED LIMITS IIEGUI.ATORY 

REGULATED? -+ AVAI.AIILE7 _,.. IACKGROUND7 ... AVAI.All.E7 _,.. LIMITT 

N--1D1 

y N--ICOC) 

N .... (DI 

y y NS y Y--(COC) 

N--1D1 

N--1D) 

N--1D1 

N--1D1 

N--1D) 

y N--ICOC) 

y N--(COC) 

y N--ICOC) 

N .... IDI 

y N--(COC) 

N-IDI 

N--1O1 
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TABLE AD-5: GROUNDWATER NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC 
(Continued) 

Y = Yes 
N = No 

CONTAMINANT =+ 

Oxalic acid 

PCBe 

Petroleum product•/ 
diesel oil 

Tetreethyl 
pyropho• phate 

Tet rahydrofuran 

Thiourea 

Trichloroacetic acid 

Urea 

NS = Not Sure 
D = Deleted es a contaminant 
S = Suspect contaminant 

RaEASEDT0 
ENVIRONMENTI =+ 

y 

y 

y 

y 

y 

y 

y 

y 

COC = Regulatory Contaminant of Concern 

REOULATED7 =+ 

N-1D1 

y 

y 

y 

y 

y 

N .... IDI 

N-1D1 

EXCEED 
RECORDS EXCEED LIMITS REGULATORY 

AVAILABLE? =+ IACKOROUND7 =+ AVAILAllEl .... UMITT 

N-ICOCI 

y NS N-tCOCI 

N .... (COCI 

N-ICOCI 

N .... (COCI 



TABLE AD-6: SOURCES - RADIONUCLIDES - DECISION LOGIC 
(Also ... Table AB-6) 

Y = Yes 
N = No 
NS = Not Sure 

RADIONUCLIDE ::+ 

Tritium 

Carbon-14 

C• lcium-41 

Chromium-51 

M• nganese-54 

Cobalt-60 

Nickel-63 

Zinc-65 

Selenium-79 

Krypton-85 

Strontium-90 

Zirconium-93 

Niobium-94 

T echnetium-99 

Ruthenium-103 

Ruthenium-106 

Palladium-107 

Cadmium-113 

Antimony-125 

lodine-129 

lodine-131 

Ceeium-134 

D = Deleted as a contaminant 
S = Suspect contaminant 
c-- Regulatory Contaminant of Concern 

HALF-LIFE 
>2 YEARa7 ::+ 

y 

y 

y 

N--1D1 

N--1D1 

y 

y 

N--1D1 

y 

y 

y 

y 

y 

y 

N--1D1 

N--1D1 

y 

y 

y 

y 

N--1D1 

y 

RECORDa EXCEED LIMITS 
AVAILAILE1 ::+ IACKQROUND1 ::+ AVAILAILE1 -+ 

y y y 

y y y 

N-IC0CJ 

y y y 

y y y 

N-IC0CI 

N--tC0CI 

y y y 

N--tC0CI 

N--IC0CI 

N--tC0CI 

N-IC0CI 

N-(C0CI 

N--IC0CJ 

N--tC0CI 

y y y 

EXCEED 
REGULATORY 

UMm 

Y-IC0CJ 

Y-ICOCJ 

Y-IC0CJ. 

Y-ICOCI 

Y-ICOCI 

Y-ICOCI 
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TABLE AD-6: SOURCES - RADIONUCLIDES - DECISION LOGIC (Continued) 

Y = Yes 
N = No 
NS = Not Sure 

RADIONUCLIDE =+ 

CHium-137 

Cerium-144 

Samarium-151 

Europium-152 

Europium-154 

Europium-155 

Radium-2•1229 

Uranium-236/na 

Plutonium-238 

Uranium-238 

Plutonium-238
/ 200 

Amaricium-241 

Plutonium-241 

D = Deleted as a contaminant 
S = Suspect contaminant 
COC = Regulatory Contaminant of Concern 

HALF-UFE 
>2 YEAR87 =+ 

y 

N-1D1 

y 

y 

y 

N- 1D1 

y 

y 

y 

y 

y 

y 

y 

EXCEED 
RECORDS EXCEED LIMITS REGULATORY 

AVAILAILE7 =+ aACKGROUND7 =+ AVAI.All.E7 =+ UMm 

y y y Y-tCOCI 

N-tCOCI 

y y y Y-tCOCI 

y y y Y-tCOCI 

N-tCOCI 

y y y Y-tCOCI 

y y y Y-tCOCI 

y y y Y-tCOCI 

y y y Y-tCOCI 

N-tCOCI 

N-tCOCI 



Y = Yes 
N = No 

CONTAMINANT =+ 

Aluminum 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Calcium 

Chromium 

Copper 

Iron 

Lead 

Lithium 

Magneeium 

Manganese 

Mercury 

Molybdenum 

Nickel 

Palladium 

PotaHium 

NS = Not Sure 
D ~ Deleted as a contaminant 
S = Suspect contaminant 

TABLE AD-7: SOURCES - METALS -DECISION LOGIC 
(Also see Table AB-7) 

RELEASED TO RECORDS EXCEB> LIMITS 
ENVIRONMENT? =+ REQULA TED1 _,.. AVAILAll.£1 ..._ aACKGROUND1 =+ AVAILAll.£1 :::i+ 

y y N-(COCI 

y y y y y 

y y y y y 

y y y N--1S1 

y y N-(COCI 

y y y y y 

y N--101 

y y y y y 

y y y y y 

y y N--ICOCI 

y y y y y 

y N--101 

y N--101 

y y N--ICOCI 

y y y y y 

y N--lli>I 

y y y y y 

y N--101 

y N--101 

COC = Regulatory Contaminant of Concern 

EXCEB> 

REGULATORY 
UMm 

N-1S1 

N-1S1 

N-1S1 

N-1S1 

N-1S1 

Y--ICOCI 

N-ISI 

N-1S1 



• I ..... ..... 
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TABLE AD-7: SOURCES - METALS - DECISION LOGIC (Continued) 

Y = Yes 
N = No 

CONTAMINANT -+ 

Silicon 

Sodium 

Titanium 

Vanadium 

Zinc 

Zirconium 

NS "' Not Sure 
D = Deleted as a contaminant 
S = Suspect contaminant 

RELEAIEDTO 
ENVIRONMENTI * 

y 

y 

y 

y 

y 

y 

COC = Regulatory Contaminant of Concern 

RECORDS EXCEED LIMITS 
REGULATED7-+ AVAILABl£1 * IACKGROUND7 * AVAILABl£1 a::t-

N-1D1 

y N-+ICOCI 

N-1D1 

y N-+ICOCI 

y y y y 

N-1D1 

EXCEED 
IIEG&A.ATORY 

UMm 

N-+ISI 
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TABLE AD-8: SOURCES - NONMETALLIC IONS/COMPOUNDS - DECISION LOGIC 
(Alao ... Table AB-8) 

Y = Yes 
N .. No 

CONTAMINANT =+ 

Ammonium/ 
Ammonia 

Asbe• toa 

Chloride 

Cyanide 

Fluoride 

Nitrate 

Nitrite 

Sulfate 

NS • Not Sure 
D • Deleted as a contaminant 
S • Suspect contaminant 

"ELIAHD TO 
ENVIRONMENT1 =+ 

y 

y 

y 

y 

y 

y 

y 

y 

cnr. - Regulatory Contaminant of Concern 

EXCEED 

"ECOIID8 EXCHD UMIT8 IIICIULATOIIY 
"EOULATED1 ,. AVAILAILE1 =+ aACKGROUND1 =+ AVAILAILE1 .... UMm 

y N-ICOCI 

y N-ICOCI 

y N-ICOCI 

y N-ICOCI 

y N-ICOCI 

y N-ICOCI 

y N-ICOCI 

y N-ICOCI 
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TABLE AD-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC 
{Also aee Table AB-9) 

Y = Yes 
N = No 

CONTAMINANT=+ 

Acetic acid 

Ammoniated citric 
acid solution, 

Bis-(2 -athylhaxyO 
phthalata 

Citric acid 

Cyclotatra1il, Oxana, 
Oc tomathyl 

Daoxycholic acid 

Diathanolamina 

Diathylthiouraa 

Ethylanadiamina 

Ethylanadiamine 
T atraacatic acid 

Formic acid 

Graphite 

Hydrazine 

Mercaptoacatic acid 

Morpholine 

Oxalic acid 

NS .. Not Sure 
D • Deleted as a contaminant 
S = Suspect contaminant 

RELEASED TO 
ENVIRONMENn =+ 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

COC = Regulatory Contaminant of Concern 

EXCEED 

RECORDS EXCEED LIMIT& REGUlATORY 
REGULATED?=+ AVAILAll.£7 =+ IIACKQROUND7 =+ AVAILAll.£7 .... LNITT 

y N-ICOCI 

N--1D1 

y N--ICOC) 

N--1D1 

N- 1D1 

N--1D) 

N-1D1 

N- 1D( 

y N--{COCI 

y N--tCOCI 

y N--{COCJ 

N--1D1 

y N--ICOCI 

N-1D) 

N--1D) 

N--1D) 



TABLE AD-9: SOURCES - NONVOLATILE ORGANIC COMPOUNDS - DECISION LOGIC (Continued) 

• I ..... 
N 
0 

V • YIIB 
N • No 

CONTAMINANT .... 

PCBa 
Arochlor 1018 
Arochlor 1221 

Petroleum 
producta/Oiesel oil 

Sodium EDTA 

Tetraethyl 
pyrophoaphate 

Tetrehydrofuren 

Thiourea 

Trichloroacetic acid 

Urea 

NS = Not Sure 
D = Deleted es II contaminant 
S c Suspect contaminant 

REI.EA8EDTO 
ENVIRONMENTI .... 

y 

y 

y 

y 

y 

y 

V 

V 

COC = Regulatory Contaminant of Concern 

EXCEED 

RECORDa EXCEED LIMIT8 REGULATORY 
REGULA TED? .. AVAll.AllE1 .... MCKGROUND7 =+ AVAll.AllE1 .. LIMm 

y N-(COCI 

y N-(COCI 

N-1D1 

y N-(COCI 

y N-ICOCI 

V N-(COCI 

N-101 

N-1D1 
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TABLE AD-10: SOURCES - VOLATILE ORGANIC COMPOUNDS· DECISION LOGIC 
(Also ... Table AB-10) 

Y = Yes 
N = No 

CONTAMINANT=+ 

1, 1, 1-
Trichloroethane 

Acetone 

Benzene 

Chlorobenzene 

Chloroform 

Ethylbenzene 

Hexane 

Methyl lsobutyl 
Ketone 

Methylene chloride 

Perchlorethene 

Trans· 1,2-
dichloroethane 

T richloroethene 

NS "" Not Sure 
D • Deleted 118 11 contaminant 
S • Suspect contaminant 

RB.EAIEDTO 
ENVIRONMENTI =+ 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

COC = Regulatory Contaminant of Concern 

REGULATED? =+ 

y 

y 

y 

y 

y 

y 

N- 1D1 

y 

y 

y 

y 

y 

EXCEED 

IIECOROS EXCEED UMITI IIEQUI.ATORY 
AVAi.ABLE? =+ IACKQROUND1 =+ AVAI.ABl.£1 _., UMm 

y NS y N-fSI 

N-{COCI 

N-{COCI 

N-{COCI 

y N(SI y N-{SI 

N-{COCI 

N--(COCI 

y NS y N-{SI 

N--(COCI 

N--(COCI 

y NS y N--ISI 
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DECISION LOGIC TABLES 

A-122 



Regulatory 
Contaminant 
of Concern 

RA0I0NUCLIDES 

Tritium 

Carbon-14 

Calclum-41 

Cobalt-60 

Nlckel-63 

Selenium-79 

Krypton-86 

Strontlum-90 

Zirconlum-93 

Nk>bium-94 

Technetlum-99 

Pelladlum-107 

Cedmlum-113 

k>dlne- 129 

Cealum-134 

Ceaium-137 

Samarium-161 

Europium-16 2 

Europium-164 

Uranium-236/238 

7: Is the 

' ' ~. Ji! . 931 jln I ·~ . '6"' ,. , J ,~ 81 ffl I 

TABLE AE-1: SOURCE CONTAMINANTS OF 
TOXICOLOGICAL SIGNIFICANCE 

DECISION LOGIC 

8: Candidate 9: Oral reference 10: Is the Hazard 
contamininant for elimination dose in IRIS or Quotient greater 
a carcinogen 7 per guidance 7 HEAST7 than 0.1 for 

ingestion? 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

Contaminant 
of 

toxicological 
significance 7 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 



Regulatory 
Contaminant 
of Concern 

Plutonlum-238 

Plutonlum-238/240 

Plutonlum-241 

Americium· 241 

METALS 

Aluminum 

Boron 

Iron 

LHd 

Manganaae 

Sodium 

Vanadium 

7: Is the 

93 I 31J I !3. I 76~ 

TABLE AE-1: SOURCE CONTAMINANTS OF 
TOXICOLOGICAL SIGNIFICANCE 
DECISION LOGIC (CONTINUED) 

8: Candidate 9: Oral reference 10: Is the Hazard 
contamininant for elimination dose in IRIS or Quotient greater 
a carcinogen? per guidance 7 HEAST7 than 0.1 for 

ingestion? 

y 

y 

y 

y 

N y 

N N y no data 

N y 

y 

N N y no data 

N y 

N N y no data 

Contaminant 
of 

toxicological 
significance 7 

y 

y 

y 

y 

N 

y 

N 

y 

y 

N 

y 



Regulatory 
Contaminant 
of Concern 

OlliER INORGANIC 
COMPOUNDS/IONS 

Ammonium/ 
Ammonia 

Aabeatoa 

Chloride 

Cyanide 

fluoride 

Nitrate 

Nitrite 

Sulfata 

voe. 

Acetone 

P.rchloro-
ethylene 

OlliER ORGANICS 

Acetic Acid 

Ethylenedlamlne 

Ethylenedlamlne 
tetraacetlc acid 
IEDTAI 

formic Acid 

Hydrazine 

PC8a 

7: Is the 

TABLE AE-1: SOURCE CONTAMINANTS OF 
TOXICOLOGICAL SIGNIFICANCE 
DECISION LOGIC (CONTINUED) 

8: Candidate 9: Oral reference 10: Is the Hazard 
contamininant for elimination dose in IRIS or Quotient greater 
a carcinogen 7 per guidance 7 HEAST7 than 0.1 for 

ingestion? 

N N y no data 

y 

N N N 

N N y no data 

N N y no data 

N N y no data 

N N y no data 

N N N 

N N y no data 

y 

N N y no data 

N N y no data 

N N N 

-
N N y no data 

y 

y 

Contaminant 
of 

toxicological 
significance 7 

y 

y 

N 

y 

y 

y 

y 

N 

y 

y 

y 

y 

N 

y 

y 

y 



Regulatory 
Contaminant 
of Concern 

P.troleum 
Producte/OleMI oN 

Thiourea 

7: Is the 

TABLE AE-1: SOURCE CONTAMINANTS OF 
TOXICOLOGICAL SIGNIFICANCE 
DECISION LOGIC (CONTINUED) 

8: Candidate 9: Oral reference 10: Is the Hazard 
contamininant for elimination dose in IRIS or Quotient greater 
a carcinogen 7 per guidance 7 HEAST7 than 0.1 for 

ingestion? 

Ya 

N N y no data 

HEAST = HHlth Effect• AHaHmente Summary Table• IEPA 1Ui11 
IRIS • Integrated Riek Information Syetam IEPA on-line datebH•I 
Y • Yoe 
N • No 

• Auumed to contain benzene 

Contaminant 
of 

toxicological 
significance 7 

y 

y 



Regulatory 
Contaminant 
of Concern 

RADIONUCLIDES 

Tritium 

Carbon-14 

Calclum-41 

Cobalt-80 

Nickel-63 

Selenium-79 

Krypton-86 

Strontlum-90 

Zirconlum-93 

Nk>bium-94 

Palladlum-107 

Cadmlum-113 

lodlne-129 

Samarlum-161 

Europlum-162 

Uranlum-236/238 

Plutonlum-238 

Plutonlum-239/240 

Plutonlum· 241 

Amerlclum-241 

METALS 

7: 

TABLE AE-2: GROUNDWATER CONTAMINANTS OF 
TOXICOLOGICAL SIGNIFICANCE 

DECISION LOGIC 

Is the 8: Candidate 9: Oral reference 10: Is the Hazard 
contamininant for elimination dose in IRIS or Quotient greater 
a carcinogen 7 per guidance 7 HEAST7 than 0.1 for 

ingestion? 

' y 

y 

y 

y 

y 

y 

y 

' y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

Contaminant 
of 

toxicological 
significance 7 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 



Regulatory 
Contaminant 
of Concern 

ArHnic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Lead 

Manganeaa 

Mercury 

Sodium 

OTHER INORGANIC 
COMPOUNDS/IONS 

Aabestoa 

Chloride 

Chlorine 

Cyanide 

Fluoride 

Hydrochloric Acid 

Nitrate 

Nitrite 

Sulfate 

VOCa 

7: 

TABLE AE-2: GROUNDWATER CONTAMINANTS OF 
TOXICOLOGICAL SIGNIFICANCE 
DECISION LOGIC (CONTINUED) 

Is the 8: Candidate 9: Oral reference 10: Is the Hazard 
contamininant for elimination dose in IRIS or Quotient greater 
a carcinogen 7 per guidance 7 HEAST7 than 0.1 for 

ingestion? 

y 

N N y y 

y 

N N y y 

y 

N N N 

y 

N N y y 

N N y no data 

- N y 

y 

N N N 

N N y no data 

N N y no date 

N N y y 

N N N 

N N y y 

N N y no date 

N N N 

Contaminant 
of 

toxicological 
significance 7 

y 

y 

y 

y 

y 

N 

y 

y 

y 

N 

y 

N 

y 

y 

y 

N 

y 

y 

N 



• I ..... 
N 
IQ 

Regulatory 
Contaminant 
of Concern 

Chloroform 

f'9rchloro-
ethylene 

T rlchloroethene 

OTHER ORGANICS 

Acetic Acid 

Ethylenedlemioe 

Ethylenedlamlne 
tetreecetlc ecld 
IEDTAI 

Formic Acid 

Hydrezlne 

PC8a 

Thlouree 

7: 

a. :) r '.JQ,. p . m-n::;, 
,J ,J i :J j ,1 ff m I 0 

TABLE AE-2: GROUNDWATER CONTAMINANTS OF 
TOXICOLOGICAL SIGNIFICANCE 
DECISION LOGIC (CONTINUED) 

Is the 8 : Candidate 9 : Oral reference 10: Is the Hazard 
contamininant for elimination dose in IRIS or Quotient greater 
a carcinogen 7 per guidance 7 HEAST7 than 0.1 for 

ingestion? 

y 

y 

y 

N N y no dete 

N N y no deta 

N N N 

N N y no deta 

y 

y 

N N y no deta 

HEAST = HHlth Effects Aauaamenta Summary TablH (EPA 19911 
IRIS = Integrated Riak lnformetlon System (EPA on-llne databaHI 
Y = Yea 
N • No 

Contaminant 
of 

toxicological 
significance 7 

y 

y 

y 

y 

y 

N 

y 

y 

y 

y 



Regulatory 
Contaminant 
of Concern 

RAOIONUCLIDES 

Tritium 

Cobalt· IIO 

Strontlum-80 

T echnetlum-88 

Antimony• 1 26 

lodlne-128 

CHlum-134 

C.alum-137 

Radlum-226/228 

Plutonlum-238 

Plutonlum-238/240 

METALS 

Aluminum 

Araenic 

Barium 

BeryUlum 

Cadmium 

Chromium 

lead 

7: Is the 

TABLE AE-3: N-AREA CONTAMINANTS OF 
TOXICOLOGICAL SIGNIFICANCE 

DECISION LOGIC 

8: Candidate 9: Oral reference 10: Is the Hazard 
contamininant for elimination dose in IRIS or Quotient greater 
a carcinogen 7 per guidance 7 HEAST7 than 0.1 for 

ingestion? 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

N y 

y 

N N y y 

y 

N N y y 

y 

y 

j 

Contaminant 
of 

toxicological 
significance 7 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

N 

y 

y 

y 

y 

y 

y 



Regulatory 
Contaminant 
of Concern 

Mangane•• 

Vanadium 

OTHER INORGANIC 
COMPOUNDS/IONS 

Cyanide 

Fluoride 

Nitrate 

Phosphoric Acid 

Sulfate 

voca 

Benzene 

Ollorobanzene 

Olloroform 

Ethylbenzane 

Methylene 
Olloride 

Methyl laobutyl 
Katona 

Perchloro-
ethylene 

Trana-1 .2-
Dlchloroethena 

7: Is the 

TABLE AE-3: N-AREA CONTAMINANTS OF 
TOXICOLOGICAL SIGNIFICANCE 
DECISION LOGIC (CONTINUED) 

8: Candidate 9: Oral reference 10: Is the Hazard 
contamininant for elimination dose in IRIS or Quotient greater 
a carcinogen? per guidance? HEAST? than 0.1 for 

ingestion? 

N N y y 

N N y no data 

N N y no data 

N N y y 

N N y y 

y 

N N N 

y 

N N y no data 

y 

N N y no data 

y 

N N y no data 

y 

N N y no data 

Contaminant 
of 

toxicological 
significance? 

y 

y 

y 

y 

y 

y 

N 

y 

y 

y 

y 

y 

y 

y 

y 



Regulatory 
Contaminant 
of Concern 

Xylene• 

OTHER ORGANICS 

81• 12-ethylhexyll 
phthelllte 

Hydrazine 

PC8a 

Patroleum Product•• 
DleMI OU. etc. 

TetrNthylpyro-
phoephete 

T etrehydrofuren 

Thiouree 

7: Is the 

o3 ~ :,0 I iJ m 7""12 ,J, l J - '.J"' [! / / 

TABLE AE-3: N-AREA CONTAMINANTS OF 
TOXICOLOGICAL SIGNIFICANCE 
DECISION LOGIC (CONTINUED) 

8: Candidate 9: Oral reference 10: Is the Hazard 
contamininant for elimination dose in IRIS or Quotient greater 
a carcinogen 7 per guidance 7 HEAST7 than 0.1 for 

ingestion? 

N N V no date 

V 

V 

V 

v. 

N N N 

I 

N N N 

N N V no date 

HEAST = HHlth Effect• Aueurnente Summary Table• IEPe 1991 I 
IRIS = Integrated Riek Information Syetem IEPA on-Une datebue) 
V • Vea 
N • No 

• Auurned to contain benzene 

Contaminant 
of 

toxicological 
significance 7 

V 

V 

V 

V 

V 

N 

N 

V 
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APPENDIX B 

POTENTIAL APPLICABLE OR RELEVANT 

AND APPROPRIATE REQUIREMENTS 

B-1 





Description Citation 

Atomic Enel'IY Act of 1954, as 42 u.s.c. 2011 
amended Cl acq. 

Radiation Protection 40 CFR Part 191 
Standards 

Standards for 40 CFR §191.03 
Management and 
Storage 

t,j ..., 
I ..... 
~ 

Nuclear Regulatory 10 CFR Part 20 
Commission Standards for 
Protection Against 
Radiation 

Radiation Dose I0CFR 
Standards §§20. 101-

20.105 

D'J m :10· l fl m ··r1n 
,1,J~Ji J.,V/ 

Al 
R&A• Rcquircmenta 

Authorizes DOE to acl atandarda and 
rcllrictiona aovcmina facilities uacd for 
research, development, and utilization of 
atomic energy . 

Eatabli•hca atandards for management and 
disposal of high-level and tr•n1Uranic 
waale and apenl nuclear fuel. 

A Require• that management and llorage of 
•pent nuclear fuel or high-level or 
transuranic (TRU) radioactive waste• al 
all facilitie• for the di•poaal of auch fuel 
or waste that are operated by the DOE 
and thal arc not regulated by the 
CommiBBion or Agreement State1 shall be 
conducted in auch • manner as to provide 
reasonable assurance that the combined 
annual doae equivalent to any member of 
the public in the general environment 
resulting from discharge• of radioactive 
material and direct radiation from auch 
management and storage llhall not exceed 
25 millirema to the whole body and 75 
millirema lo any critical organ. 

R&A Seta 1pecific radiation doses, levels, and 
conccntrationa for restricted and 
unrestricted areas. 

Alternative• 
Potentially 

Remark• Affected 

~ 
O"' -C'D 

t,:I 

"""' . 
Jog 
0 ... 
C'D 

Applicable to waste• diapo•ed of after = SW-4, SW-5, ... .... 
November 18, 1985 . SW-6, SW-9, ~ -SW-10, GW-5, 

~ GW-6, SS-4, Q. 
SS-5, SS-6, C'D 

SS-10, SS-11 iJ t:J -(j 0 
=- ~tE! C'D 

§. ~~ g I 

t,j \0 - N 
I I 
00 ..... 

"O ..... 
~ 
Si n 

~ 
~ -

May be relevant and appropriate, •• All ~ 
radioactive material, io the 100 Arca IJQ 

C'D 
can contribute radiation do•ea, level•, 

"""' and concentrations which could exceed 0 
the limita; however, Hanford ia not an 

..., 
NRC-licenacd facility . ~ 



93 IJO i :l.1775 

Alternative• 
Al Potentially 

Dcacription Citation R&A• Requirement• Remark• Affected 

Clean Air Act, as amended 42 u.s.c. 7401 A comprchcmivc cnviroMlCmal law ~ 
SI) 

cl •cq. dcaigncd lo regulate any activitie• that O" -affect air quality, providina the national t'D 

framework for controllina air pollution. t:= 
~ . 

National Primary and 40 CFR Part 50 Seta National Ambient Air Quality 
Secondary Ambient Air Standard• for ambient pollutant• which arc ~ 

0 
Quality Standards regulated within a region. .... 

t'D 

The primary ambient air quality •tandard 
Cl 

Standard, for Sul fur 40 CFR §50.4 A Applicable if remediation include• SW-9, SW-10, SS-10, .... .... 
Oxides (Sulfur for llllfur oxide• mca1Urcd II llllfur incineration of waste . SS-11 ~ -Dioxide) dioxide ia 80 microgram• per cubic meter ~ (0.03 ppm), aMual arithmetic mean; 365 Q. 

microgram• per cubic meter (0.14 ppm) t'D 

maximum 24-hour concentration not lo be ;J 
0 -exceeded more than once per year. (i 0 

to Air Standards for 40 CFR §50.6 A Prohibits average concentrations of A potential for particulate emissions SW-4, SW-S , SW-6, er 0~ t'D g, ~ >-1 Particulates particulate emiaaions in exceaa of SO exist• during material handling or SW-9, SW-10, ~-I ...... micrograms/m' aMually or ISO treatment, including incineration. GW-S, GW-6, SS-4, £ I 
er to \0 

micrograma/m' per 24-hour period . SS-S, SS-6, SS-10, - N 
I I 

SS-11 (I) ...... 
} ...... 

Air Standards for 40 CFR §50.8 A The national primary ambient air quality Applicable if remediation includes SW-9, SW-10, SS-10, 
Carbon Monoxide standard• for carbon monoxide arc : incineration of waste . SS-11 s 

t") 

(I) 9 parts per million (10 milligrams per ! cubic meter) for an 8-hour average 
concentration not to be exceeded more 
than once per year and 
(2) JS parta per million (40 milligrams -~ 
per cubic meter) for a I-hour average ~ 

concentration not to be exceeded more 
(JQ 
t'D 

than once per year. N 

Standards for 40 CFR §SO. I I A The level of the national primary and Applicable if remediation include• SW-9, SW-10, SS-10, 
0 ..., 

Nitrogen Dioxide accondary ambient air quality •tandard for incineration. SS-11 ~ 
nitrogen dioxide i• 0.053 parts per million 
(100 micrograms per cubic meter), aMual 
arithmetic mean concentration. 



Alternative• 
A/ Potentially 

Description Citation R&A• Rcquircmenll Remark:• Affected 

Air Standard, for 40 CFR §S0.12 A The national primary and •ccondary Applicable if particulate• •u•pended SW-4, SW-S, SW-6, 1--3 
~ 

Lead ambient air quality •tandard for lead and durini remedial 1clivi1ie1 arc SW-9, SW-10, O" 
ill compound• mc11urcd II elemenlll lcad contaminated with lead, or if OW-S, OW-6, SS-4, -('D 

arc 1.S micrograms per cubic meter, remediation include, incineration. SS-S, SS-6, SS-10, t,:j 
maximum arithmetic mean averaged over SS-11 ~ . 
a calendar quarter. 

~ 
Standards for New 40 CFR Part 60 0 ... 
Stationary Source, 

('D 

cs ... ... 
Incinerator Particulate 40 CFR §60 .S2 A Prohibit• discharge of aaae, containina Applicable to incineralora of more than SW-9, SW-10, SS-10, ~ -Standards particulate, exceedina 0 .18 a/dry cubic 4S metric Iona per day (SO tona per day) SS-11 ~ 

meter 11 •tandard condition• corrected to charaing rate . ('D 
Q. 

12 percent CO2, on or after the dale of the ('D 

perfonnance lest. ~ 0 -
National Emissions 40 CFR Part 61 Establishea numerical standards for (") 0 

~ Standards for Hazardous hazardou• air pollutants . c:r 0 ~ ('D ..., 
Air Pollutanu (NESHAP) ~- ~ ~ I ..... 

(") ~ 
I 

Emission Standard 40 CFR §61 .32 A Prohibiu emissions of beryllium from Beryllium is a potential contaminant of SW-9, SW-10, SS-10, ~ '° - N 
for Beryllium stationary •ourcea including incineratora concern al the 100 Arca . Remedial SS-11 I I 

rJ'1 ...... 
in exce11 of 10 grams/day unle11 incineration of waste may result in 

~ 
...... 

otherwise approved . emi11ion1 of beryllium. 

Emission Standard 40CFR §61.S2 A Prohibit• emiSBions of mercury from Applicable IO drying of wastewater SW-9, SW-10, 
s 
t") 

for Mercury sludge incineration plan11 or aludge drying treatment plant sludge . Mercury ia • GW-6, SS-10, SS-11 

~ planll exceeding 3200 grams/day . potential contaminant of concern in the 
100 Arca. 

Radionuclide 40 CFR §61.92 A Prohibit• emissions of radionuclide, to the Applicable to incineraton and other SW-4, SW-S, SW-6, -Emissiona from DOE ambient air exceeding an effective dose rcmcdial technologies where air SW-7, SW-8, SW-9, ~ 
Facilities (except equivalent of 10 mrcm per year. emi11ion may occur. SWIO, GW-S, GW-6, ~ 

(JQ 
Airborne Radon-222) SS-4, SS-S, SS-6, ('D 

SS-10, SS-11 ~ 

0 
Emiasion Standard, 40 CFR §61.150 A State1 there must either be no viaible Applicable to recovery and handling of SW-4, SW-S, SW-6, 

..., 
for Aabes101 for emi11iona to the oullide air durina the aabeato• waates. . SW-9, SW-10 ~ 
Waste Disposal collection, proccaaing (including 
Operationa for incineration), pacltagina, or transportina 
Demolition and of any aabeatos-containina waste material 
Renovation aenerated by the aource, or •pecified 

waste treatment method• mull be used . 



Altemativea 

A/ Potentially 
Deacription Citation R&A• Requirement• Remarlta Affected 

Aabeatoa Standard for 40 CFR 161.154 A Statea there mull either be no viaible Applicable lo landfill diapo11l of SW-4, SW-.S, sw~. ~ 
~ 

Active Walle emiuiona lo the outaide air duri111 the 1abell01. SW-9, SW-10 O"' -Diapoaal Site• collection, proce11ina (includina n, 

incineration), pacltaaina, or traoaporlina 
of any 1•be1101-containin1 walle material 

t:l:j 
I--. 

aenerated by the aource, or apecified 
walle treatment method• mull be uaed . ~ 

~ 
n, 

Safe Drinkioa Water Act 42 u.s.c. 300f Create, a comprehenaive national 
et aeq . frameworlt lo enaure the quality and 

a -· ~ 
aafety of drinltina water. -

~ 
National Primary 40 CFR Part 141 R&A Eatabliahea maximum contaminant level, Applicable lo public water ayllema. All 

n, 
Q. 

Drinlting Water (MCL) and maximum contaminant level Potential chemical, and radionuclide, of 

Regulations aoal• (MCLG) for organic, inorganic, and concern may migrate lo the drinltina 
radioactive constituenll . The MCL for water •upply 11 • reault of remedial 
combined radium-226 and radium-228 i• activitie•. Although federal MCLG• are 
S pCi/L. The MCL for 1ro11 alpha not enforceable 111nd1rd1, they are 
particle activity (including radium-226 but potential ARAR• under the Waahington 
excludina radon and uranium) i1 State Model Toxic, Control Act when 
IS pCi/L. The average annual more llringent than other lllandarda. 
concentration of beta particle and photon See allte ARARa. 
radioactivity from manmadc radionuclide& 

n, 

Dl t, -("'} 0 
=- t, t!! n, 

fil, ~ ~-
~ 

I 
tp \0 - N 

I I 
00 ..... 
} ..... 

in drinlting water ahall not produce an 
annual doae equivalent to total body or 

Si n 
any internal organ in cxcc11 of 4 
millirem/ycar. Sec Table, 84 and BS for 
other MCLa. 

National Secondary 40 CFR Part 143 R&A Control• contaminant, in drinltina water Although federal aecondary drinlting All 
! -Drinking Water that primarily affect the aeathetic qualitica water lllandarda arc not enforceable, 

Regulation, rclatina to the public acceptance of they are potential ARAR1 under the 
~ 
~ 

(lQ 

drinltina water. Waahington State Model Toxic, Control n, 

Act when more 11rinaent than other ~ 

111and1rd1. See lllate ARARI. 0 ..., 
~ 



Altcmativc1 
Al Potentially 

Dc1eription Citation R&A• Requiremenll Remark.a Affected 

Solid Waste Duposal Act, as 42 u .s.c. 6901 Eatabliahc1 the baaic framework. for 
..., 
~ 

amended by die Resoun:e ct seq . fcdcnl regulation of aolid and hazardou1 O"' -Coosenatioo and Reconry WIile . tt) 

Act (RCRA) l:d ,... . 
Groundwater 40 CFR §264 .92 A A facility ahall not contaminate the Groundwater concentration limits in this SW-4, SW-5 , SW-f>, 
Protection Standards [WAC I 73-303--0 uppermost aquifer underlying the waste section do not exceed 40 CFR 141, SW-7, SW-8, SW-9, 

45)1 management area beyond the point of except for chromium which has a limit SW-10, GW-4, 
compliance, which i• • vertical •urface of 50 µg/L . GW-5, GW-6, SS-4, 

~ 
0 .... 
tt) 

= located at the hydraulically downjndient SS-5 , SS-6, SS-7, 
limit of the walle management area that SS-8, SS-9, SS-10, 

.... .... 
~ -

extends down into the uppermost aquifer SS-11 
und.:rlying the regulatcd area. The 

"Tl 
tt) 
Q. 

concentration of certain chemicals ahall 
not exceed background level•, certain 

tt) 

~ -specified maximum concentntions, or 
alternate concentntion limits, whichever 

(") 

=-
is higher . tt) e. s 

Uranium Mill Tailings Public Law 
Radiutiou Control Act of 1978 95-604, as 

am.:ndeJ 

-I 00 

~ 
Standards for Uranium 40 CFR 192 Establishes standards for control , cleanup, s 

t") 
and Thorium Mill and management of ndioactive materials 
Tailings from inactive uranium processing 1ite1. ~ 

> 
~ -~ 
~ 

!IQ 
tt) 

0-. 
0 -., 
~ 

'These are State of Washington regulatory citations which are equivalent to Title 40 Code of Federal Regulations, Parts 264 and 268 as stated in Washington 
Administrative Code 173-303. 

0 
0 

0~ 
pl :;d 
::ti \ 
to \0 

N 
I ...... ...... 



Deacription 

Land Cleanup Standard• 

Implementation 

Citation 

40CFR 
Hl92 .I0-
192.12 

40CFR 
§§192.20 -
192 .23 

0~ s '.Jo 1· -i1 m7,o ;J.J I ;J ~J ~ ~ . I J 

Requirement, 

R&A Require, remedial actiona to provide 
rcaaonable auurance that, H a rc111lt of 
rc1idual radioactive material, from any 
deaianated proceuin, 1ite, the 
concentration of radium-226 in land 
averaaed over any area of I 00 aqua re 
metera •hall not exceed the background 
level by more than S pCi/a, averaged over 
the firat IS cm of 10il below the 111cface, 
and IS pCi/a, averaaed over IS-cm-thick 
layer• of 10il more than IS cm below the 
1urface. In any habitable buildina, a 
rca10nable effort •hall be made during 
remediation to achieve an annual average 
(or equivalent) radon decay product 
concentration (including background) not 
to exceed 0.02 Working Level (WL). In 
any cue, the radon decay product 
concentration (including background) llhall 
not exceed 0 .03 WL and the level of 
aamma radiation lhall not exceed the 
background level by more than 20 
microrocntegena per hour. 

R&A Require• that when radionuclide• other 
than radium-226 and it1 decay product• 
arc prcaent in 111fficient quantity and 
concentration to conatitute a 1ignificant 
radiation hazard from rc1idual radioactive 
material,, remedial action •hall reduce 
other rc•idual radioactivity to level, H 

low H rca10nably achievable (ALARA). 

•NOTE: A = Applicable, R&A = Relevant and Appropriate 

Alternative, 
Potentially 

Remark• Affected 

May be relevant and appropriate, H any All ""'3 
~ 

radium-226 encountered durina er -remediation did not rc111lt from uranium tD 

proce11ina. ~ 
~ . 
~ 
0 
~ 
tD cs 
~ .... 
~ -
~ 
tD 
Q. 
tD 

iJ - c:, 
('j 0 
c:r c:, t:!2 
tD 

fil, ~ ~-g I 

to '° - N 
I I r:n ,_. 

~ 
,_. 

s 
May be relevant and appropriate, a• any All n 
radium-226 encountered during 

~ remediation did not result from uranium 
proce11ing. 

~ -~ 
(JQ 
tD 

0'I 
0 ..., 
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Altcmativea 
Al Potentially 

Deacription Citation R&A• Requirement, Remade Affected 

Departmeut of Social aDCI 43 .20ARCW 
Health Senices (Drinkina 
Water) 

1-3 
II,) 
O" -tt) 

Public Water Supplice WAC 248-54 Eatabliahca rcquircmcnta to protect uaera of 
public drinkina water auppliea. 

c= 
N . 

Maximum WAC 248-54-175 A The MCL for radium-226 ia J pCi/L. The level for radium-226 cxcecda the All 
ContamillBnt Level• federal MCL in 40 CFR 192. 
(MCL) 

"ti 
0 ... 
tt) 

Cl ... -· Model Toxics Control Act 70.J0SDRCW Require, remedial actiona to attain a dearcc 
II,) -(MTCA) of clearwp protective of human health and 

the environment. 
rJJ 
S" ... 
tt) 

Ckanup Regulations WAC 173-340 Establiahca cleanup lcvcla and prcacribea 
method, to calculate cleanup levcla for aoils, 
groundwater, aurface water, and air. 

Groundwater Cleanup WAC 173-340-720 A Require, that where the groundwalcr ia a Federal MCLG for drinking water All 
Standards potential aource of drinking water, cleanup (40 CFR Part 141) and federal 

levcla under Method B must be at least aa aecondary drinking walcr regulation 
atringenl aa concentrationa established under standards (40 CFR Part 143) arc 
applicable atate and federal lawa, including potential ARARs under MTCA when 
the following : they arc more stringent than other 

('j t1 
c:r 0 
tt) ~~ e. 
~ ~~ 

I - t:)j \0 I N rJJ I 

~ 
...... ...... 

5 n 
(A) MCL catabliahed under the Safe standards. Method B cleanup levcla 
Drinking Water Act and published in 40 arc levels applicable to remediation at 
CFR 141, aa amended; Hanford unlesa a demonstration can 
(B) MCLG for noncarcinogena established be made that method C (alternate 
under the Safe Drinking Water Act and cleanup levels) is valid . 

! -published in 40 CFR 141, 11 amended; 
(C) Secondary MCL established under the 

;? 
l1C 

Safe Drinking Water Act and published in 40 tt) 

CFR 143, aa amended; and """" 
(D) MCL established by the state board of 0 ..., 
health and publiahed in Chapter 248-S4 
WAC, aa amended. 

~ 

Sec Table• 84 and BS for cleanup lcvcla for 
groundwater. 



Deacription 

Soil Cleanup 
Standards 

Citation 

WAC 173-340-740 

93130 l :3.~ 1781 

A 

Requircmcnll 

MTCA Method B concentntion limit• in 
micro,nDII per lilo,nm for polential 
contaminanta in aoil1, acdimcnll, and 1ludie1 
arc: 

Boron 
Lead 
Manganese 
Vanadium 
Cyanide 
Bia (2--cthylhexyl) phthalate 
PCB• 
Acetone 
Benzene 
Chlorobenzenc 
Tran, -1,2-dichlorocthenc 
Ethylbcnzenc 
Methyl IIObutyl Ketone 

· Perchloroclhylene 

7,200,000 
112,000 

8,000,000 
560,000 

1,600,000 
71,400 

130 
8,000,000 

34,482 
1,600,000 
1,600,000 
8,000,000 

400,000 
19,607 

Altemative1 
Polcntially 

Remark.a Affected 

SS-1, SS-2, 
SS-3, SS--4, 
ss-s, ss~. 
SS-7, SS-8, 
SS-9, SS-10, 
SS-11 

~ 
~ 
O" -~ 
= N . 
1-'d 
0 ... 
ti, 

= ... ... 
~ -en s-... 
ti, 

(j tJ 
c:r 0 
ti, tJ ~ 
~. ~ ~ s I - ttl '-D I en N 

I 
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~ 
I 

N 
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D,:acription 

Solid Waste Managemeot 
Recovery and Recyclina Act 

Minimum Functional 
Standards for Solid Waste 
Handling 

Landfilling Standards 

Citation 

70 .95 RCW 

WAC 173-304 

WAC 173-304-460 

93130 I !L 178'' 

A 

Rcquirc:menta 

Eatabliahe1 rc:quirc:rncnta to be met atatewide 
for the handling of all aolid wute . 

Prohibit, an operator/owner from violating 
Chapter 90.48 RCW (Water Pollution 
Control) or any receiving water quality 
1tandard1 from diachargea of aurface run-off, 
leachate, or any other liquid uaociatcd with 
a landfill . Prohibit, violation of any ambient 
air quality atandard at the property boundary 
or emission atandarJ from any erniuion of 
landfill gasc1, combuation, or any other 
erniuion associated with a landfill. Prohibits 
explosive gasca whose concentration exceeds 
I 00 ppm by volume of hydrocarbons 
(expressed u methane) in off-aite llructurca . 

Remarka 

Alternative, 
Potentially 
Affected 

1-j 
~ 
O"' -~ 
= N . 

SW-4, SW-5, "'C 
0 

SW-6, SW-9, ... 
~ 

SW-10, = 
GW-5, GW-6, 

... -· ~ SS-4, SS-5, -
SS-6, SS-10, r.n ... 
SS- 11 ~ ... 

~ 

(j c:, 
er 0 
~ S? ~ ~- ~-~ s .-. I - to \0 I N r.n I 

'"O ...... 
~ ...... 
(') 

5i 
(') 

~ -~ 
~ 
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~ 
I 

N 
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De•cription 

Water Pollution Control 

Surface Water Quality 
Standards 

Water Criteria 
Classes 

Citation 

90.'48RCW 

WAC 173-201 

WAC 173-201 -045 

93130 I !L f ?83 

A 

Requirement, 

Seta 111rf1ce water quality aund11d1 for the 
at.IC . 

Standard, for aurface water designated 
"Cla11 A• include: freshwater temperature 
shall not exceed 18.0°C due to human 
1ctivitie1. Tempenture increase• ahall not at 
any time exceed I = 28fT+7 where •1• 
repreacnta the maximum permi11ible 
tcmpenture increase meaaured at a dilution 
zone boundary and "T" represent• the 
backeround tcmpenture II mcaaured 11 a 
point or pointa unaffected by the di•charge 
and representative of the highest ambient 
water tcmpcnture in the vicinity of the 
di•charge. 

When natunl condition, exceed 18 .0° 
(freahw1tcr) and 16.0° (marine water) , no 
tcmpenture increaac will be allowed which 
will nise the receiving water tcmpenture by 
ereatcr than 0 .3°C. 

Provided that tcmpenture incrcaac reaulting 
from nonpoint aource activitiea ahall not 
exceed 2.8°C, and the maximum water 
tcmpenture ahall not exceed 18.3°C 
(freahwater) . 

pH ahall be within the nnge of 6 .S to 8.S 
(freshwater) with I man-caused variation 
within a nnge of lea, than 0.S unita. 

Remarka 

The Hanford reach of the Columbia 
River ia classified "Claaa A.• 

Alternative, 
Potentially 
Affected 

SW-4, SW-5, 
SW-6, SW-7, 
SW-8, SW-9, 
SW-10, 
GW-S, GW-6, 
SS-4, SS-S, 
SS-6, SS-10, 
SS-11 

1--3 
~ er -t'D 

= N . 
~ 
0 .... 
t'D = .... -· ~ -r,J 

S' .... 
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::::r 0 
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Alternative• 
Al Potentially 

Deacription Citation R&A• Requirement• Remarka Affected 

Toxic Substance• WAC 173-201--047 A Seta 111rface water limita for toxic All 1--3 111bstance1. Freahwater limita in micrograma ~ 
per liter for 100 Arca contaminanta arc: O"' -~ 
Cadmium (acute): ~ e0 · 121 i--u-,.1211• • t:a 

N Cadmium (chronic) : ~ e<•-1•>21a--.,!., ... , . 
Lead (acute): ~ e0 ·m la - 1•·• .... i• 

~ 
• 0 

Lead (chronic): ~ e<1.2n la_>J ... 70.ll -~ 
Nicltel (acute): ~ e(0·-1a-,1••·•612l• • cs --· Nicltel (chronic): ~ e(O·-i-->1 • 1.,ooi ~ -r:n 

(acute) (chronic) S" 
Chlorine 19.0" 1 l.<1' -~ Chromium 16.0" 11 .f/' (i tj 
Cyanide 22 .0" s .2• c:r 0 

tel Mercury 2.4' 0 .012b ~ tj t!! e ..., PCBs 2.0' 0 .014' .... ~ ~ I 

~ N ~. 
(1) 

'A one-hour average concentration not to be - tel '° I N 
exceeded more than once every three yeara. r:n I 

i ...... 
•A four-day average concentration not to be ...... 
exceeded more than once every three yean. 5 
'A 24-hour average not to be exceeded . n 
NOTE: Hardne11 ia a measure of the 

! calcium and magne•ium aalta prc•ent in 
water, mea•ured in milligrams per liter as 
calcium carbonate . -

Radia1ion Protection -- Air WAC 246-247 E1tabiliahe1 procedures for monitoring, ~ 
(JQ 

Emissions control, and reporting of airborne ~ 

radionuclide emiasiona. OI 
0 

New and Modified Source• WAC 246-247-070 A Require• the u•e of beat available 
..., 

radionuclide control technology (BARCT), ~ 



Deacription 

Radiation Protection Standard, 

Radiation dose to 
individuals in restricted 
areas 

Citation 

WAC 246-221 

WAC 246-221--010 

•NOTE: A = Applicable , R&A = Relevant and Appropriate 

A 

Rcquiremcnta 

Eatablilhc1 undarda for protection aaailllt 
ndiation hazard,. 

Spccific1 dose limita to individual• in 
rellrictcd areu for hand, and wri111, ankle• 
and feet of 18.75 rem/quarter and for akin of 
7 .S rem/quarter. 

Rcmarb 

Alternative, 
Poeen1ially 
Affected 

All 

~ 
~ 
O"' -~ 
t,:I 
N . 
~ 
0 .... 
~ a .... 
~ -00 .... 
~ .... 
~ 

t:, (j 
er 0 
~ t:, t!:! e. ""1 ~ i::,> 

£ • r - tp \0 I N 00 I 

~ 
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(1Q 
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Altcrnative• 
Potentially 

Description Citation Rcquirementa Remark• Affected 

Bmtoo-Franldio-W alla Walla General 
Counties Air Pollutioo Control Regulation 80-7 
Authority 

Maximum Permissible Section 400-040 Prohibits emi11ion of air contaminant& for more than 3 SW-4, SW-S, 
Emissions minutes/hour whcn emiHion• at or near the emiBBion SW-6, SW-9, ~ 

•ource exceed 20 percent opacity, except under •pecial SW-10, GW-S, 
circumstances. GW-6, SS-4, 

SS-5, SS-6, 
SS-10, SS-1 l 

~ 
C" -tr> 

t:d w . 
Maximum Allowable Section 400---050 Prohibits emissions exceeding 100 ppm of total SW-9, SW-10, 
Emissions for Combustion carbonyl» . SS-10, SS-11 

("".) 
0" 

and Incineration Source, tr> e 
Maximum Emissions for Section 400-060 Prohibiu cmiuiona of particulate• from general Pertinent to •ourcea that re111lt in a phy•ical SW-9, SW-10, 
Gcneral Process Source• proce11 source• exceeding 0.10 grain (.0065 gram) or chemical change in material (excluding GW-5 , GW-6, 

per 1tandard cubic foot of dry exhaull gu. combustion) . SS-10, SS-11 

City of Richland Ordinance No . Prohibit• discharge• which may interfer with the city'• All 
35-84 water treatment facility. Al•o prohibit• discharge• of 

toxic pollutant• in 1111fficient quantity to constitutc a 
hazard to human• or animal,. Eat•bli•hea limit• for 
pH, tcmperature, and chemical conatituenll. 

.... 0 ~ 0 'i" 
0 t!! 00 

~ fil, ~ 
5 

I 

tJ:j \0 
I') N 

I 

~ 
,__ 

t:d 
,__ 

("".) 
tll 

A Guide on Remedial Actions EPA Directive Provide• a general framework for detcnnining cleanup SW-9, SW-10, 
at Superfund Sites with PCB 9355 -.4-0lFS level», identifying treatment option•, and assc11ing GW-5, GW-6, 
Contamination neceaaary management control, for rcaiduala . SS-10, SS-11 

-;p 
(JQ 
tr> 

"""" Model Toxics Control Act 70.105DRCW All 0 ..., 
Ckanup Rcgulationa WAC 173-340 The State Department of Ecology i• currently adapting 

the calculation• in MTCA to be applicable to 
~ 

radioactive contaminants. The•c cleanup •tandard• 
may become available prior to or during remediation. 



Deacription 

Safe Drinkin& Water Act 

National Primary 
Drinking Water 
Regulations 

National Primary 
Drinking Water 
Regulation»; 
Radionuclides - Proposed 
Rules 

Citation 

42 u.s.c . 300f 
cl acq. 

40CFR 141 

FR Vol. 56, 
No . 138, July 
18, 1991 

93130 I ~t 1787 

Requiremcnta 

Propoacd maximum contaminant level aoal1 (MCLG1) 
(Fedcnl Register, July 18, 1991) are: 

Contaminant 

Radium-226 
Radium-228 
Unnium 
Gron alpha emiuen 
Beta and photon cmittcn 

zero 
zero 
zero 
zero 
zero 

Provide, numerlcal lllandarda for ndionuclidc1 
corresponding to 4 mrem/yr doac through drinking 
water II follow& (pCi/L): 
Tritium 
Carbon-14 
Cobalt-60 
Nickel--63 
Strontium-90 
Zirconium-93 
Niobium-94 
Technitium-99 
Palladium- I 07 
Antimony-125 
lodinc-129 
Cesium-134 
Ceaium-137 
Samarium-15 I 
Europium-152 
Europium-154 
Radium-228 
Unnium-235 
Unnium-236 
Plutonium-238 
Plutonium-239 
Plutonium-240 
Plutonium-241 
Amcricium-241 

69,040 
3,200 

218 
9 ,910 

42 
5,090 

707 
3,790 

36,600 
1,940 

21 
81 

119 
14,100 

841 
513 

7.85 
14.5 
14.6 
7.02 
62.1 
62.2 
62.6 
6.34 

Rcmarkl 

Fcdenl MCLG1 are ARAR under MTCA 
when they are more llringent than other llatc 
1tandard1. 

When promulgated, these propoacd rule• 
will replace acctiona in 40 CFR 141 and 142 

Altcmativc1 
Potentially 

Affected 

All · 

All 

:3 
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Altcmativc• 
Poecolially 

Dc•cription Citation Requirement• Remark• Affccled 

Solid Wute Di.,posal Ad, u 42 u.s.c. 6901 
ammded by RCRA ct •cq. 

Criteria for Cla•sification 40 CFR 12S7.3- A facility or pncticc lhall not contaminate an The court.a or the ltAlc may eublilh SW-4, SW-S, 
of Solid Waste Disposal 4 underground drinking water •ourcc beyond the • olid alternate boundarie•. SW-6, SW-7, 
Facilities and Practices waste boundary . SW-8, SW-9, ~ 

SW-10, OW-4, 
GW-S, GW-6, 

~ -l'D 
SS-4, SS-S, 
SS-6, SS-7, 

t,::j 
w 

SS-8, SS-9, 
. 

SS-10, SS-11 (j 

=-Corrective Action for 40 CFR 264 Estabilishe• requirement• for investigation and SW-6, SW-7, 
Solid Waste Management Subpart S, corrective action for rclcaac• of haz• rdou• waste from SW-8, SW-9, 
Units proposed solid waste management units . SW-10, GW-4, 

GW-S, GW-6, 
SS-4, SS-S, 
SS-6, SS-7, 
SS-8, SS-9, 
SS-10, SS-11 

l'D 

§. 
0 s 0 -I 0 t!! r:,J 

g fil, ~ 
s I 

tp \0 
n N 

I 

U.S. Department or Energy ~ 
...... ...... 

Orders (j 
tl'l 

Radiation Protection of DOES400 .5 Establishes ndiation protection 11.andard1 for the -~ 
the Public and the public and environment. 
Environment 

~ 
IJQ 
l'D 
w 

Radiation Dose Limit (All DOES400.S , The exposure of the public to ndiation •ources as a Pertinent if remedial activities arc "routine All 0 
Pathways) Chapter 11, consequence of all routine DOE activitie1 ahall not DOE activities.• 

Section la cause, in a year, an effective doac equivalent greater 

..., 
~ ._, 

than 100 mrcm from all exposure pathways, except 
under specified circumllance•. 



Dcacription 

Radiation Doac Limit 
(Drinking Water Palhway) 

Residual Radionuclidea in 
Soil 

Citation 

DOE.S400 . .S, 
Chapter D, 
Section Id 

DOE 5400 .5 
Chapter IV, 
Section 4a 

Requiremcni. 

Provide, a level of protection for penona conauming 
water from a public drinking water 111pply operated by 
DOE 10 that penona conauming water from tbe 111pply 
shall not receive an effective doac equivalent areater 
lhan 4 mrem per year. Combined radium-226 and 
radium-228 ahall not exceed .S x l<t'µCi/mL and aro•a 
alpha activity (including radium-226 but excluding 
radon and uranium) shall not exceed I . .S x 10-• 
µCi/mL . 

Generic guidelines for radium-226 and radium-228 
are : 

• 5 pCi/g averaged over lhe firat 15 cm of aoil 
below the surface; and 

• 15 pCi/g averaged over 1.S-cm-thiclc. layera of 
soil more lhan 15 cm below lhe 1urface. 

Guidelines for residual concentrationa of other 
radionuclide, must be derived from lhe basic dose 
limit• by mean• of an environmental palhway analysis 
using 1pecific property data where available . 
Procedure• for lheac deviation• are aiven in • A 
Manual for Implementing Re•idual Radioactive 
Material Guideline•• (DOE/CH-8901) . Procedure• 
for determination of "hot apota, • "hot-apot cleanup 
limits,• and residual concentration guideline• for 
mixture• arc in DOE/CH-8901. Re1idual radioactive 
materials above lhe guidelines must be controlled to 
lhe required levels in 5400 . .S, Chapter D and Chapter 
IV. 

Remarb 

Pertinent if radionuclide• may be relca•ed 
during remediation. 

Residual concentration, of radioactive 
material in aoil are defined a• lhoac in 
exce11 of background concentration, 
averaged over an area of I 00 m2. 

Alternative, 
Potentially 

Affected 

All 

SS-1, SS-2, 
SS-3, SS--4, 
SS-.S, SS--6, 
SS-7, SS-8, 
SS-9, SS-10, 
SS-11 
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Radiation Protection Safe Drinking Water Act State Limit for Columbia River 
Standards Primary MCL Groundwater DOE Order 5400.5 Concentration 

Contaminant (pCi/L)" (pCi/L)11 (pCi/L)° (pCi/L)d (pCi/L)° 

Tritium 2.0 E+04 2.0 E+04 8.0 E+04 130.0 

Carbon-14 8.0 E+06 2.8 E+03 

Calcium-41 4.0 E+03 ~ 
er -Cobalt-60 5.0 E+05 2.0 E+02 ~ 

Nickel-63 3 .0 E+05 1.2 E+04 ~ . 
Selenium-79 8.0 E+02 ~ 

0 
Krypton-85 ~ 

~ 

Strontium-90 8 8 4.0 E+0l 

Zirconium-93 8.0 E+06 3.6 E+03 

Niobium-94 1.2 E+03 

Palladium-107 4.0 E+04 

Cadmium- I 13 3 .2 E+0l 

lodine-129 3;0 E+03 2.0 E+0l 

Cesium-134 9.0 E+04 8.0 E+0l 

~ §.. 
~ !. 
g ~ tj 
C = n ~ 0 == ~ tj ~ Q.. 

~o fil, ~ ~[ I 

tp '° = ... N IJQ ~ I 
~ '-< ;.---, 

.... (j 
,._. 

Samarium-151 6.0 E+05 1.6 E+04 

Europium-152 8.0 E+05 8.0 E+02 

Radium-226/228 5 5 5 4.0 E+OO 

0 ::!. ..., ;-
N::!. -= = 

Uranium-235/238 2.4 E+0l 
c::s 
Q.. 

Uranium-238 4.0 E+05 2.4 E+0l 

Plutonium-238 5.0 E+04 1.6 E+OO 

r4 

§: 
11" 

Plutonium-239/240 1.2 E+OO ..., 
0 

Plutonium-241 2.0 E+06 8.0 E+0l 
.., 

Americium-241 4.0 E+04 1.2 E+OO 

See footnote key at end of table. 
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Draft B 

Table B4. Potential Water Quality Criteria and Limits for 
Radionuclides (Page 2 of 2) 

• Source: 40 CFR 191. 
b Source: 40 CFR §141.16. 
c Source: Washington Ground Water Quality Standards. Enforcement limits may exceed 

these values when the natural ground water quality exceeds the criteria or when other 
exceptions contained in WAC 173-200-050(3)(b) apply. 

d Four percent of the derived concentration guide values are shown because the DOE limit 
for each contaminant in drinking water is 4 mrem/year; the total of all contaminants is not 
to exceed the DOE exposure limit of 100 mrem/year. 

e Source: Ebasco Services Incorporated, 1991, "Engineering Evaluation of Containment 
Alternatives for N-Springs Releases," WHC-SD-EN-EE-003, Rev. 0, Richland, 
Washington. 

NOTE: Limits for gross alpha and beta particle and photon radioactivity are listed in Table 
lA (40 CFR Part 141). 
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Safe Drinking Water 
Water Quality Criteria (µg/L) Act 

Columbia River Protection of Protection of State Limit for 
Contaminant Concentration Protection of Frelhwater Aquatic Frelhwater Aquatic Primacy MCL RCRA Subpart F Groundwater 

(Metal) (µg/L)" Human Healthb Specie• (Chronic)° Specie• (Acute)0 (µg/L)d (µg/L) -(µg/L)" 

Arsenic 0.018 190 360 50 50 0.05 

~ 
Ir 

~ • 
Beryllium 0.0005 0.0077 5.3 130 4 80 

Barium 0.0430 I mg 2,000 1,000 200 

Cadmium <0.001 16 I.I 3.9 5 8.5 

Chromium <0.001 170 11 16 100 50 50 

i 
I 

Cobalt ~ 
Lead 0.0020 50 3.2 82 50' 50 22 .4 i 
Manganese 0.0050 50 50 

Mercury 0.0001 0 .14 0.012 2.4 2 2 2 

Nickel 0.0020 610 160 1,400 100 320 ,J 0 
0 

0 t!! 
!'D ~ 

~~ ;i I 

t:d '° .... a· N 
I ~= ...... ...... 

Q,, 

i 
o' ., 
z 
0 

9 
e= 
0 

I n = i 



Safe Drinki111 
Water Quality Criteria (pg/L) Water Act 

Contaminanl Protection of Frelbwater Protectioa of State Umit for 
(Nonmetallic Ion or Columbia River Protection of Human Aquatic Spec:iea Frelbwater Aquatic Primary MCL Oroundwater 

Coq,ound) Concentration (pg/L)• Healthb (Chronic)" Specie• (Acute)" (pa/L, (pa/Lf 

A•bc•to• 7 x IO' fibera/L 7 x IO' fibera/L 

~ 
Ir 

~ • 
Chloride 6 .0 250,000 

Chlorine 
~ 

I 
Cyanide 700 S.2 22.0 200 320 

Fluoride 0 .20 4,000 2,000 I 
Hydrochloric Acid 

Nitrate 0 .30 10,000 10,000 

' Nitrite 1,000 1,000 

Phosphoric Acid 

Sulfate 14.0 250,000 11 0 
0 

0~ 
~ n 

~~ ~i I 

to \0 --- a· N 
I ~; ..... ..... 

Q. 

i 
=' ... 

f 
~ 
0 

i 
S: 
t 



~ 
I 

VI 
0 

Contaminant 
(Volatile Orjanic Columbia River 

Compound) Concentration (µg/L)1 

Benzene 

Chlorobcnzene 

Chloroform 

Trans-1,2-dichloroethene 

Elhylbenzene 

Methylene Chloride 

Methyl laobutyl Ketone 
(MIBK) 

Perchlorcthlyene 
(T etrachloroethene, 
Tetrachloroethylene 

Trichloroethene 

Xylene& (Total) 

Water Quality Criteria (µg/L) 

Protection of Protection of 
Frclhwater Frclhwater 

Protection of Aquatic Specie, Aquatic Specie• 
Human Hcalthb (Chronic)° (Acute)° 

1.2 S,300 

680 

S.7 

700 

3,100 

4.7 

0 .8 840 S,280 

2.7 21,900 4S,OOO 

Safe Drinkin, Water 
Act 

State Limit for 
Primary MCL Groundwater 

(µa/L)' (µg/L)" 

~ 
;' 

a: • s 1.0 

160 

100 7 

100 100 

700 700 

s s 

~ 

i 
I 
~ 
I 
"'I 

800 

s 0-8 

s 3 

10,000 1,000 

zl ti 
0 

ti tT1 
tD ("} ---,; 

~ 

~~ 
Pl 
;::, ~ 

I 

t:c '° ~ --- a· N 
I 

~~ ...... ...... 
Q. 

i 
e' 
"'I 

~ 
~ a 
0 

i 
B: 
t 



Safe Drimking Water
Water Quality Criteria rg/L) Act

Contaminant Columbia River Protection of Pzotection of
(Nonvolatile Organic Concentration Protection of Freshwater Aquatic Freshwater Aquatic Primary MCL State Limit for

Compound) (pgLU Human Heaw? Specie (Chronic) Species (Acute)' (UgIL)' Groundwater (QgnL)
Acetic Acid

Ammoiated citric acid
soludion;
Bil(-2-ethylhexyl)
phthalste 6

Elhylertodiamine

Ethylenediamine tetralcetic
Acid (EDTA)

Formic Acid

Oxalic Acid

Hydrazine 0.03

PCBs 0.079 ng 0.014 2 0.5 0.01

Tetracthyl

pyrophophate

Tetrahydrofuran

Thiourea

w
(A
0~

r

C

0

WI

iO

r1
Pt

I
-t
C

za

at
C
U
U

at6

U

rt

w

C

A
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Draft B 

Table BS. Potential Water Quality Criteria and Limits for Nonradionuclides 
(Page S of S) 

• Source: Ebasco Services Incorporated, 1991, "Engineering Evaluation of Containment 
Alternatives for N-Springs Releases," WHC-SD-EN-EE-003, Rev. 0, Richland, 
Washington. 

b Human health values shown are for consumption of water and organisms. The values are 
from the November 19, 1991, EPA-proposed toxics rule-the most current values available 
from the EPA as of this writing. 

c Source: EPA "Quality Criteria for Water 1986" and EPA "Update #2 to Quality Criteria 
for Water 1986." 

d Source: 40 CFR §§141.61-141.62 for all MCLs except lead and arsenic (40 CFR 
§141.11). 

c The most restrictive concentration from the Washington Ground Water Quality Standards or 
the Model Toxics Control Act (MTCA) (Method B) is shown. In accordance with MTCA, 
state limits include federal maximum contaminant level goals (MCLG) from 40 CFR 141 
and federal secondary drinking water standards (40 CFR 143), if these values are more 
stringent than state standards. Where the Washington Ground Water Quality Standards are 
the most restrictive, enforcement limits may exceed these values when the natural ground 
water quality exceeds the criteria or when other exceptions contained in WAC 173-200-050 
(3)(b) apply. 

t The MCL for lead (40 CFR §141.11) is in effect until December 7, 1992; no revised MCL 
for lead after that date is available. 
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Description 

Atomic Energy Act or 1954 

Radiation Protectio_n Standards 

Licensing Requirements for und 
Disposal of Radioactive Waste 

Performance Objectives 

Technical Requirements 

Citation 

42 U.S .C. 201 I 
Cl ac:q . 

40CFRPart 191 
Subpart B 

10 CFR Part 61 

10 CFR §§61 .40-
61.44 

10 CFR §§61.50-
61 .59 

93130 I !L I 7g~ 

A 

A 

A 

Requirement• 

Authorizes DOE to act standards and 
rellrictions governing the design, 
location, and operation of facilities uacd 
for research , development, and 
utilization of atomic energy . 

Requires monitoring of apenl nuclear 
fuel, high-level , or TRU disposal 
1y11cm1 after disposal ; specifies control• 
for diaposal aites; requires barrier• for 
disposal aystems; acts criteria for 
•electing disposal sites and aystems. 

Establishes criteria for the land disposal 
of radioactive waste . 

Land disposal facilitiea must be sited, 
designed, operated, closed, and 
controlled after closure to anure that 
exposure to humans is within established 
limits. 

Establishes design criteria for land 
disposal sites and other requirements for 
aitc auitability, operation, closure, 
monitoring, waste classification, and 
waste characteristic&. 

Remarks 

Applicable to waste disposed of after 
November 18, 1985. 

Applicable to on-site disposal of 
radioactive materials . 

Alternative, 
Potentially 
Affected 

SW-4, SW-5, 
SW-6, SW-9, 
SW-10, 
GW-5, GW-6, 
SS-4, SS-5, 
SS-6 , SS-10, 
SS-11 

SW-4, SW-5, 
SW-9, SW-10, 
GW-5, GW-6, 
SS-4 , SS-5, 
SS-6 , SS-10, 
SS-11 

SW-4, SW-5, 
SW-9, SW-10, 
GW-5, GW-6, 
SS-4, SS-5, 
SS-6, SS-10, 
SS-11 

~ 
~ 
C"' -tD 

t::,:j 

?'-
~ 
0 -tD = --· ~ -
~ 
Q. 
tD 

~ -> 
t') --· 0 = I 
[Fl 

} -· ::J 
t') 

! -~ 
~ 

(J(l 
tD 
~ 

0 ...., 
\0 -

tj 
0 

0 t!! 
;;J ~ ::!' 

I 

to I.O 
N 

I --
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Alternative• 
A/ Potentially 

Description Citation R&A• Requirement• Remarks Affected 

Clean Air Act 42 u.s.c . 7401 
ct seq. ""'3 

~ 
O" 

National Emission Standards for 40 CFR Part 61 -~ 
Hazardous Air Pollutants t::= 

?'-
Asbestos Standard for 40 CFR §61.150 A Prohibits visible emiBBion• to the outaidc Applicable if aabeatoa...:ontaining waste SW-4, SW-5, 
Waste Disposal air during incineration, packaging, or will be incinerated, packaged or SW-6, SW-9, 

transporting of any aabeato1...:ontaining transported . SW-10, 
waste material generated by the IOllrce GW-5, GW-6, 

"'d 
0 -~ = unlcu a specified emiHion control and SS-4, SS-5, 

waste treatment method i1 used . SS-6, SS-10, 
--· ~ -

SS-11 ~ 
~ 

Asbestos Standard for 40 CFR §61.154 A Sets requirements for covering of Applicable if waste sitea receive SW-9, SW-10, 
Active Wash: Disposal asbcatos...:ontaining waste, if asbestos-containing materials . GW-4, GW-5, 
Sites requirements for no visible emissions are GW-6, SS-4, 

not met at •itea where such waste i1 SS-5, SS-6, 
deposited . Requires a natural barrier or SS-7, SS-8, 
warning 1igna and fencing to deter SS-9, SS-10, 
public acceu to the site . SS-11 

Departmwt or TrllUSportatiou 49 CFR Subpan A Establishe1 requirements for Applicable when hazardous wastes must SW-4, SW-5, 

Q. 
~ 

~ t:l - 0 
> t:l ~ n g, ~ --· 0 = I 

OJ \0 I N '(J1 
I 

~ 
...... ...... 

C transportation of hazardoua waste be transported off-site or on public SW-6 , SW-9, s 
including labeling, marking, and roadways . SW-10, SS-4, n 
placarding for shipment. SS-5, SS-6, 

SS-10, SS-11 

Federal Water rollutioo Control Act 33 U.S .C . 1251 Create• the basic national framework for Applicable to discharge• of pollutant• to 

> 

~ 
(FWPCA), as amended by the Clean et seq . water pollution control and water quality navigable waters . -Water Act of 1977 (CWA) management in the United Statea. ~ 

IJQ 
The National Pollutant 40 CFR Part 122 A Part 122 covers establishing technology- Applicable if remediation include• SW-4, SW-5, ~ 

Discharge Elimination baaed limitations and atandard1, control wastewater diacharge; alao appliea to SW-6, SW-7, N 
Syst.:m (NPDES) of toxic pollutant•, and monitoring of llorm water runoff aa~iated with SW-8, SW-9, 

effluent to aaaure limita are not industrial activitie•. Effluenl limitationa SW-10, 

0 ..., 
\C 

exceeded . e•tablished by EPA and included in GW-5, GW-6, --
NPDES permit. SS-4, SS-5, 

SS-6, SS-10, 
SS-11 



Description Citation 

NPDES 40CFR 
Criteria and tl25 . 104 
S1andards 

Discharge of Oil 40 CFR Part 110 

Safe Drinldng W11ter A.ct (SDWA), as 42 U.S.C . 300f 
amended et li<!q . 

Und.:rground lnj.:ction 40 CFR Part 144 
Control (UIC) Program 

Crit.: ria and Standards for 40 CFR Part 146 
the Und.:rground Injection 
Control (UIC) Program 

Solid Waste Disposal A.ct as amended 42 U.S.C .6901 ct 
by the Resource Conservation aod a.:q . 
RKovery A.ct (RCRA) 

Guidelines for Thermal 40 CFR Part 240 
Processing of Solid Waatea 

Solid Waste Excluded 40CFR 
§240.201 

f.]Q i '.:lo f IJ m ·7rF' 
JJJJ J~ ~, J 

A/ 
R&A• Requirement, 

Beat management practice, program 
ahall be developed in accordance with 
good engineering practice . 

A Prohibit, diachargc of oil that violate• 
applicable water quality lllandards or 
cause, a ahccn of oil on water aurfacc . 

Create• a comprehensive national 
framework designed to ensure the 
quality and safety of drinking water 
supplies. 

A Identifies the minimum requirements for 
UIC programs. Requires all Ul wells to 
be permiued and deacribe1 p.:rmiuing 
procedures. 

A Es1ablishe1 ailing, construction, 
operating, monitoring, and closure 
requirementa for all classes of injection 
wells . (Criteria and standards for cla111 
IV wells arc reserved at this time .) 

Es1ablishes the basic framework for 
federal regulation of aolid waste . 
Subpart C of RCRA control• the 
generation, transportation, treatment, 
atorage, and disposal of hazardous waste 
through a comprehensive "cradle to 
grave" system of hazardou1 waste 
management techniques and 
rcquircmenta. 

Seta guideline, for thermal procc•aing of 
aolid waatc1 

R&A Provision for atoring, handling, and 
removing hazardou1 or excluded waatca 
left inadvertently at the facility ahould be 
considered in design. 

Altcmativca 
Potentially 

Remark, Affected 

~ 
~ 
O" -~ 

Runoff from •ite will need control for All t:,:j 
oily waste discharge to waten of the 0\ . 
United Slates. 

~ 
Applicable to public water ayatems. 

0 ... 
~ 
::s ... .... 
~ -~ 

Applicabk for remedial action involving GW-5 ~ 
Q. 

reinj.:ction of groundwater. ~ 

;! t, - 0 

Applicable for remedial action involving GW-5 
reinjection of groundwater. 

> t, ~ n 

~~ ... .... 
0 = I 

I to '-0 
r:n N 

I 
'0 ,_. 
~ ,_. 
n 

Hazardous waste generated by aite 
5 
n 

remediation activities must meet RCRA 
generator and treatment, atoragc, or 
disposal (fSD) requirements . ! -~ 

(JQ 
~ 

w 
Applicable only to nonhazardoua aolid 0 ..., 
wastes . \C -

SW-9, SW-10, 
SS-10, SS- 11 



Description Citation 

Site Selection 40CFR 
1240.202 

Gen.:ral Design 40CFR 
§240.203 

IJcnti fi cation and Listing uf 40 CFR Purt 261 
Hazardous Waste [WAC 173-303-

016) 

0:, 
...:i 

I 
Standards Applicable to 40 CFR Part 262 

~ Generators of Hazardous Waste [WAC 173-303) 

G.:neral Requirements 40 CFR 1262 .20 
[WAC 173-303-
180) 

Packaging, Labc:ling, 40 CFR §262 .30-
Marking , and Placarding 33 

[WAC 173-303-
190) 

Accumulation Time 40 CFR §262 .34 
[WAC 173-303-
200) 

9CH 'JO I i" ~ son ,:u;J ,g~ ~;.-, u 

Al 
R&A• Requircmenta 

R&A Acce11ibility by pennancnt road •, and 
environmental, climatological, and 
aociocconomic criteria ahould be 
considered when ailing a facility . 

R&A A plan for a new or modified facility , 
including a list of considerations and 
rationale for th.: d.:ciaiona on the 
consideration•, must be approved prior 
to construction . 

A Identifies by both listing and 
characterization, those aolid wastes 
subject to regulation as hazardous wastes 
under Pacts 261-265 , 268, and 270. 

Describes regulatory requirements 
imposed on g.:neraton of hazardous 
waste• who treat , atorc , or dispose of the 
waste on-site. 

A Generatora who transport hazardous 
waste for off-aite treatment, storage, or 
disposal must originate and follow-up 
the manifest for off-aite ahipment•. 

A Before transporting a haz.ardoua waste , 
the generator must package, label , mark, 
and placard the ahipment in accordance 
with DOT regulations. 

A Allow, a iencrator to accumulate 
haz.ardou1 wallc on-1ite for 90 day, or 
le11 without a pcnnit, provided that all 
waate ia containerized and labeled. 

Alternative, 
Potentially 

Remark, Affected 

SW-9, SW-10, 
~ SS-10, Ss-tl ~ 
O" -l'D 

o:I 
SW-9, SW-10, ?'-
SS-10, SS-11 

~ 
0 .... 
l'D 

= .... .... 
Applicable if remediation techniques SW-4, SW-S, ~ -result in generation of hazardous wastes . SW-6, SW-9, ~ 

SW-IO, l'D 
Q. 

GW-S, GW..f, , l'D 

SS-4 , SS-5, ~ t1 - 0 
SS-6 , SS-10, > t1 ~ SS-11 I') 

~~ .... .... 
Applicable if remediation technique• 0 

= I 

result in gen.:ration of hazardoua waste . I 0:, '-0 
r:n N 

I 

~ ,-... 
,-... 

I') .... 
Applicable if hazardoua waste ia SW-5, SS-S, 

:i 
I') 

transported off-aite for treatment, SS-11 

~ atorage, or diapoaal. 

Applicable if haz.ardou1 waste ia SW-5, SS-5, r:: -transported off-aite for treatment, SS-11 ~ 
1torage, or diapoaal. ~ 

IJQ 
l'D 

.i. 
Haz.ardou1 waste removed from the 100- SW-4, SW-S, 0 
Arca operable unita, and waate treatment SW-6, SW-9, 

..., 
\C 

residue,, arc aubjcct to the 90-day SW-IO, --
generator accumulation rcquircmenta if GW-5, GW-6, 
the waate ia atorcd on lite for 90 daya or SS-4, SS-S, 
lea•. If haz.ardou1 waatc ia atorcd for SS-6, SS-IO, 
more than 90 day,, the full pcnnining SS-11 
1tandard1 for TSD facilitie• must be 
met. 



931 :~IJ I !L 180 m -
Alternative, 

A/ Potentially 
Description Citation R&A• Requirementa Remark, Affected 

Standard, for Ownera and 40 CFR Part 264 Eaubliahea rcquirementa for oper11ting Applie• to facilitiea put in oper11tion 
~ 

Oper11tora of Hazardoua Waste [WAC 173-303) hazardoua wute treatment, ator11ge, and 1ince November 19, 1980. Facilitiea in D:i 
Treatment, Storage, and Dispoaal dispoaal facilitie11. oper11tion before that date and existing O" -Facilities facilitiea handling newly regulated ~ 

wastes must meet aimilar requirement, = 0'\ 
in 40 CFR Part 265 . Applies if . 
remediation technique results in on-site 

~ 
treatment, storage, or disposal of 0 .... 
hazardous waste. ~ 

c::s .... 
General Facility Standards 40 CFR A Security fence,, EPA ID number, SW-4, SW-5 , -· D:i 

§§264 .10- 264 .18 inspection records, pcnonnel training, SW-{;, SW-9, -
~ [WAC 173-303- geologic location 1tandard1 . SW-10, ~ 

060; 173-303- GW-5, GW-{i , C. 
~ 

310; 173-303- SS-4, SS-5 , ~ tJ 
320; 173-303- SS-6, SS-10, - 0 
3301 SS-11 > tJ t!:! 

0:, n 
~ ~ .... .., 

Preparedness and 40 CFR A Facility design; required equipment; SW-4, SW-5, -· I 0 

~ Prevention §§264.30- 264 .37 testing and maintenance of equipment; SW-{;, SW-9, c::s I 

I 0:, '-0 
[WAC 173-303- alarm, and acce11 to communications; SW-10, r.n N 

I 

340) required aisle apace; agreements with GW-5, GW-{i, ~ 
...... ,._. 

state emergency response teama, SS-4, SS-5, s equipment auppliera; facility toura for SS-{i , SS-10, n 
fire and police department. SS-11 

~ Contingency Plan and 40 CFR A Written plan, for emergency procedures Applicable for active 1ite1, reduced or SW-4, SW-5, 
Emergency Procedures §§264 .50- 264.56 and named coordinator. eliminated for closed 1ite1 . SW-{;, SW-9, ~ [WAC 173-303- SW-10, 

350; 173-303- GW-5, GW-{i, -~ 
3601 SS-4, SS-5, ll) 

SS-{i, SS-10, IJQ 
~ 

SS-11 °' 0 
~ 

\0 -



Alternatives 

Al Potentially 
Description Citation R&A• Requirements Remark• Affected 

Ground-water 40CFR A Ownen and operaton of new hazardous Applicable to those alternative• where SW--4, SW-S, ..., 
Monitoring 1§264.92- 264 .99 waate di1p<>aal facilitie• mull conduct a waate• arc to be removed and placed in SW--6, SW-9, ~ 

[WAC 173-303- 1roundwater monitoring program in new, replacement, or expanded SW-10, O"' -645) accordance with 40 CFR 264 .97. Thia hazardou1 waate disposal facilitie1 to GW-S, GW--6, ~ 

mull include, if ncce•aary, a detection ensure hazardous walltC constituent• arc SS--4, SS-S, t::= 
monitoring program under 40 CFR not leaching out to the soil or SS--6, SS-10, ?' 
264.99 and a corrective action program groundwater SS-11 

"'C 
under 40 CFR 264.100 if a groundwater 0 
protection standard i» exceeded or if the 

.... 
~ 

concentration limits established under 40 = .... 
CFR 264.94 arc exceeded between the 

.... 
~ -compliance point and the downgradient "!j 

facility property boundary. tt) 
0,. 

Closure 40CFR A Performance standard which controls , SW-4, SW--6, 
~ 

~ 0 
1§264 . 111 - minimize•, or eliminate•, to the extent SW-9, SW-10, - 0 
264 .116 necessary to protect human health and GW-5, GW-6, > 0 t!! 

tJ:I [WAC 173-303- the environment, polllcloaurc escape of SS--4, SS--6, n 
~ ~ .... ..., 

610) chemicals; closure plan; time limits; SS-10, SS-11 
.... 

~ I 0 

°' = I 

disposal or decontamination of tJ:I '° -. I N 
equipment, structures, soils; certification rJl 

~ 
I 

of closure Bllrvey plat . All contaminated 
...... ...... 

equipment , •tructurca, and soils must be 5i properly disposed . n 

Postclosure 40CFR A Poatclo111rc care mulll begin after Applicable to waste remaining in place SW--4, SW--6, ! 1§264.117- completion of'Cloaurc and continue for after closure . Requires poatcloaurc care SW-9, SW-10, 

264 .120 30 year•. During thi• period, the owner and monitoring to ensure elimination of GW-S , GW--6 , 

[WAC 173-303- or operator mull comply with all escape of hazardous constituents, SS--4, SS--6, 
610) postclo111rc requirements, including leachate, and contaminated runoff. SS-10, SS-11 -~ maintenance of cover, leachate (JQ 

monitoring, and groundwater ~ 

monitoring. 0\ 
0 

Container 40CFR A Condition of containcn; compatibility of May be applicable if container •torage ia SW--4, SW--6, 
..., 

Storage §§264.170- waatc with containcn; container to occur. Inspection requirement• may SW-9, SW-10, \0 .._, 
264.178 management; inspection•; containment; be in potential conflict with Al.ARA GW-S, GW--6, 

[WAC 173-303- apecial requirements for ignitable or requirements. SS--4, SS--6, 

160-173-303-161) reactive waatea. SS-10, SS-11 



Alternative• 
A/ Potentially 

Description Citation R&A• Requirements Remark• Affected 

Tank System• 40CFR A A1•c11mcnt of tank integrity; de•ign and Applicable if remediation technique OW-S, OW-6 
~ 1§264.190- inatallation of new tank ay•tem• or include, tank ay•tcm• for atorage or ~ 

264 .199 component•; containment and detection treatment. O" -[WAC 173-303- of relea•ca; inspection,; l'D 

640) cloaure/po•tcloaure care; special t:,:l 
requirementa for ignitable or reactive ?' 
wastes. 

'"g 

Design and operating requirement•, 
0 

Landfills 40 CFR A Applicable if remediation technique SW-4, SW-S, .... 
l'D 

1§264.300- including liner aystema and control of includes dispoaal in landfills . Land SW-6, SW-9, = .... 
264 .317 rainfall run~n and runoff; monitoring Dispoaal Restriction• (40 CFR Part 268) SW-10, -· ~ 
[WAC 173-303- and inspection; 1urvcying and record apply. GW-S, GW-6, -
665) keeping; clo•ure/poatcfosure care, SS-4, SS-S, ~ 

l'D 
including final cover; apecial SS-6 , SS-10, Q. 
requirementa for ignitable or reactive SS-11 l'D 

~ ti 
wastes incompatible waste•, bulk or - 0 

tp 
containerized liquida and containers; > ti t!:! 
disposal of •mall containc:ra. r, 

~~ ~ .... -· I 0 0\ Incineration 40 CFR A Waste analyaia; performance standarda; Applicable if remediation technique SW-9, SW-10, = I 
(J'Q I tp '° §§264.340- apccified principal organic hazardous includes incineration in hazardous waste SS-10, SS-11 00 N 

I 

264 .351 constituent•; incinc:rator pennit; incinerators, boilers, or industrial ~ 
.,_. 
.,_. 

(WAC 173-303- monitoring and inspections; closure . fumacea . Sec state ARARs for 
670) additional requirements. Si r, 

Corrective Action for 40 CFR 264 .552 A Establishes provision• for corrective SW-4, SW-S, > 
Solid Wast.: Managc:mc:nt action management units (CAMU). A SW-6, SW-9, ~ Units CAMU is an area within a facility that ia SW-10, 

~ designated by the Regional GW-5, GW-6, 
Administrator for the purpo•c of SS-4, SS-5, -implementing corrective action SS-6, SS-10, 

'"g 
~ 

requirement•. A CAMU is u•cd to SS-11 (1Q 
l'D 

manage remedial waatea from corrective ....... 
actiona. 0 

~ 

Miscellaneous 40CFR A Environmental performance 1tandard1; Applicable if remediation technique SW-4, SW-6, IC -Units 1§264.600- monitoring; analyaia; inspection; include, treatment, atorage, and/or SW-9, SW-10, 
264.603 rcapon•c; reporting; and corrective dispoaal in a unit not specified in 40 GW-S, GW-6, 
[WAC 173-303- action. CFR 1§264.190-264.351. Vaulta may SS-4, SS-6, 
680) be detennined to be miscellaneous unita . SS-10 



Alternative• 
Al Potentially 

Description Citation R&A• Requirement• Remarb Affected 

Land Diapoaal Restriction• 40 CFR Part 268 A Gencnlly prohibit• placement of Applicable unle11 w111tc1 have been SW-4, SW-S, 
(LOR) [WAC 173-303- rcllrictcd RCRA hazardou• waate• in treated, treatment hH been waived, a SW-6, SW-9, ~ 

~ 
140- land-baaed unit• •uch a• landfill•, treatment variance haa been act for the SW-10, GW- C" -WAC 173-303- •urfacc impoundment•, and waste pile•. walle, an equivalent treatment method s, ('I) 

1411 Prohibita llonge of rcatrictcd waBtc for petition haa been approved, a no- GW-6, SS-4, t:= 
longer than one year unle11 the rnigntion petition haa been approved, or SS-S, SS-6, ?' 
owner/operator can prove llorage i• the waste has been deliated. SS-10, SS-11 

i-a necessary to facilitate proper recovery, 0 
treatment, or diapoaal. -('I) = Treatment 40 CFR A Eatablillhea treatment atandards that must Applicable if waste, contain RCRA SW-4, SW-S, --· ~ 

Standards H 268 . 40- 268 .44 be met prior to land diapoaal. hazardoua constituent&. SW-6, SW-9, -
[WAC 173-303- SW-10, "Tl 

('I) 

1401 GW-S, GW-6, Q.. 

SS-4, SS-S, 
('I) 

;! tj 
SS-6, SS-10, - 0 
SS-11 > tj ~ ttl (") 

fil, ~ ..., 
Prohibitions 40 CFR §268 .50 A The lllorage of hazardous waste SW-4, SW-S, --· I 0 

°' on Storage IWAC 173-303- restricted from land disposal under SW-6, SW-9, = I 

::r I ttl \0 
1411 RCRA Section 3004 and 40 CFR 268, SW-10, 00 N 

Subpart C, i1 prohibited unle88 wastea GW-S, GW-6, ~ 
I ,__. 

arc atored in tanks and containers by a SS-4, SS-S , 
,__. 

generator or the on-site operator of a SS-6, SS-10, Si 
TSD facility aolely for the purpose of SS-11 

(") 

accumulation of •uch quantitie• as to ~ facilitate proper treatment or dispoaal. 
TSD facility operaton may lllorc waBtca 

~ for up to one year under the•e 
circumllance1. -~ 

Technical Standards for 40 CFR Part 280 A Ellablillhe• de•ign, conlllruction, Applicable if UST• arc removed or SW-3, SW-4, (JQ 
('I) 

Underground Stonge [WAC 173-360) operating, rclea•e reporting, and clo•urc clo•cd durina the remedial action. Not SW-S, SW-6, 00 
Tank• (UST) rcquircmcnta for UST•. applicable to UST 1y11ema holdilli SW-7, SW-8, 

0 
hazardou• walle• identified under the SW-9, SW-10, -.. 
Solid Walle Diapo•al Act. Sec ltatc GW-3, GW-4, IC -ARARa for additional rcquircmcnta. GW-S, GW-6, 

SS-3, SS-4, 
SS-S, SS-6, 
SS-7, SS-8, 
SS-9, SS-10, 
SS-11 



0:, 
"'"1 

I 
0\ -· 

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

Description Citation 

Toxic Substances Control Ad IS U.S .C. 2601 
(TSCA), as amended Cl acq. 

Regulation of 40 CFR Part 761 
Polychlorinated Biphenyls 
(PCBs) 

Uranium Mill Tailings Radiation Pub . L . 95-604, 
Control Act of 1978 u amenJ~d 

Health and Environmental 40 CFR Part 192 
Protection Standards for Inac tive Subpart A 
Uranium Processing Sites 

•NOTE: A = Applicable , R&A = Relevant and Appropriate 

()~H :Jo 1 ,J ~ sfjr.J,;J I ~i ,;~ J! lJ 

A/ 
R&A• Requirement• 

A For 11pill1 occurring after May 4, 1987, 
•pillage or di1po11l mulll be reported to 
EPA. Unleaa otheiwiac approved, PCB• 
at concentrations of SO ppm or greater 
mulll be treated in an incinerator. Spill• 
that occurred before May 4, 1987 arc to 
be decontaminated to requirements 
eatabliahed at the diacrction of the EPA. 

Eatabliahea controls of residual 
radioactive material at proceaaing and 
depository sites . 

R&A Requires remedial action of residual 
radioactive material to be effective for at 
leaal 200 year• . 

Alternative• 
Potentially 

Remarks Affected 

,.., 
~ 
O" 

PCBa may have been diapo•cd of in the SW-9, SW-10, -~ 
landfill 1ite1 in electrical capacitor• or GW-S, GW-6, Cd 
transfonne111 . SS-10, SS-11 0\ . 

~ 
0 .... 
~ = .... .... 
~ -~ 
ft) 

Q. 
ft) 

~ tj - 0 
Although Hanford is not a aite All 

designated by the Act, requirement• of 
the Act are relevant and appropriate to 
the site . 

> tj ~ n 

~~ .... .... 
0 = I 

0:, '° I N 00 I 

~ ....... 
....... 

n 
s 
n 

! -~ 
~ 

IJCI 
ft) 

\C 
0 ..... 
\C --





D.!acription Ci1ation 

Departwesit of F.cology 43.21ARCW 

Air Pollution Regulations WAC 173-400 

Standards for WAC i 73-400-040 
Maximum Emissions 

tp 
~ 

I 
-..) 
p.) 

Emission Standards WAC 173-400-050 
for Combustion and 
Incineration 

Emission Limits for WAC 173-480 
Radionuclidcs 

New and Modified WAC 173-480-060 
Emission Units 

olJ I 'JO I '1 m Qrr ,J;;J :1] Jw m,J 

A/ 
R&A• Requirement• 

Vesta the Washington Department of 
Ecology with the authority to undertake the 
alate air regulation and management 
program. 

Es1ablishe1 requirement• for the control 
and/or prevention of the emi•aion of air 
contaminant•. 

A Require, beat available control technology 
be used to control fugitive emi111ion1 of 
dust from material• handling, construction, 
demolition, or any other activities that arc 
source• of fugitive emissions. Restricts 
emitted particulates from being deposited 
beyond Hanford . Require• control of odors 
emitted from the aource . Prohibits masking 
or concealing prohibited emissions. 
Requires meaaurcs to prevent fugitive dust 
from becoming airborne . 

A Rest;ricts operation of incinerators to 
daylight hours unleu otherwise authorized . 

Control, air emiasion, of radionuclide• 
from 1pecific aource1. 

A Require, the beat available radionuclide 
control technology be utilized in planning 
constructing, inatallating, or establishing a 
new emiasion unit. 

--- -----· ----------------------------

• 
Alternative• 
Potentially 

Remark• Affected 

~ 
1:1) 
O"' -~ 

Applicable if emission aourcea arc = 
created during remedial action. ;-I 

~ 
Applicable to dust emiBBion1 from SW-2, SW-3, 

0 -~ cutting of concrete and metal and SW-4, SW-5, cs 
vehicular traffic during remediation. SW-6, SW-7, --· 1:1) 

SW-8, SW-9, -
SW-10, rJJ -GW-2, GW-3, 1:1) - 0 GW-4, GW-5, ~ 

GW-6 , SS-2, > 0 
SS-3 , SS-4, n 0 ~ --· '"1 ~ SS-5, SS-6, 0 Pl 

SS-7, SS-8, cs :::i r 
I 

rJJ to '° SS-9, SS-10, -N 

~ I 
SS-11 ,_. 

-· ,_. 

Applicable if incineration is part of the SW-9, SW-10, :? n 
remedial action. SS-10, SS-11 

! Applicable to remedial activitie1 that 
result in air emission,. -Applicable to remedial action• that rcault SW-4, SW-S, ~ 

1:1) 

in air emissions. SW-6, SW-9, (JQ 
~ 

SW-10, 
~ 

GW-3, GW-4, 0 
GW-S, GW-6, ..., 
SS-4, SS-5, 00 -SS-6, SS-7, 
SS-9, SS-10, 
SS-11 
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Alternative• 
A/ Potentially 

Description Citation R&A• Requirement• Remark• Affected 

Washington Clean Air Act RCW70 .94 

Control• for New Source• WAC 173-460 Establishes •ylllcmatic control of new 
of Toxic Air Pollutants aource• emitting toxic air pollutant•. 

,., 
~ 
O" -~ 

Demonstrating WAC 173-460-080 A Require• the owner or operator of a new Applicable to remedial alternative with SW-4, SW-5 , 
Ambient Impact •ource to complete an acceptable aource the potential to release toxic air SW-6, SW-9, 
Compliance impact level analysi• using dispersion pollutants . SW-10, 

= ;-.I 

modeling to estimate maximum incremental GW-3, GW-4, 
ambient impact of each Claaa A or 8 toxic GW-5 , GW-6, 
air pollutant. Eatabliahe• numerical limits SS-4, SS-5, 

""C 
0 ... 
~ :s 

for •mall quantity emiHion rate•. SS-6, SS-7, 
SS-9, SS-10, 

... -· ~ -SS-11 rJl ... 
~ 

lluudous WllSte MW1agemmt 70.105 RCW Establishes a statewide framework fo r the ... 
~ 

Act of 1976 as awwded in 1980 planning, regulation, control , and > 
IWd 1983' management of hazardous waste. t') ... -· Dangerous Waste WAC 173-303 Establishes the design, operation, and Includes requirements for generaton of 

0 = Regulations monitoring requirements for management of dangerous waste. Dangerous waste I 
rJl 

hazardous waste . include a the full universe of wastes 
regulated by WAC I 73-303 including 
extremely hazardous waste. 

} 
5 
t') 

Siting WAC 173-303-282 A Prohibill location of a dangerous waste Exceeds requirement• of 40 CFR SW-5, SW-6, 
Criteria management facility within a 100-year §264.18 . SW-9, SW-10, 

floodplain or a land-baaed facility within a GW-5, GW-6, 
500-year floodplain. Prohibit• locating SS-4, SS-5 , ~ 
facilitie• within 500 feet of a fault with SS-6·, SS-10, 
displacement during the Holocene. SS-11 -~ 
Eatabli•hea further 1iting criteria that 
•upplement federal requirement• . 

(JQ 
~ 

N 
0 ..., 
QC -

1The Hazardous Waste Management Act and regulations punuant to the Act provide the llltutory and regulatory basis for •Ille authorization to implement RCRA. State of Washington rtgulations 
that arc equivalent to RCRA rciulationa.arc cited in bracket• in the federal ARAR•. The WAC 173-303 rcaulationa cited in thi• •ection arc thoac judged to be more •tringent than RCRA regulations. 

0 
0 

0~ 
pJ ~ :::-, 

I 

t:c '° N 
I ,_. 

,_. 



Alternative• 
A/ Potentially 

Description Citation R&A• Requirement• Remark• Affected 

lncineratora WAC 173-303-670 A Require• incincraton burning dangcrou1 Exceed• rcquiremcnta in 40 CFR SW-9, SW-10, 
walllC to dcatroy dc•ignatcd byproducta ao 264.343. SS-10, SS-11 
that the total ma11 cmi11ion rate of the 

~ 
~ 

byproducts i• no more than .01 percent of 
the total maaa feed rate of principal organic 
dangerou• conatituenta fed into the 
incinerator. 

O" -(D 

= ;-.l 

Model Toxics Control Act 70. I0SDRCW Authorize• the •talc to invcatigatc relea•c• 
of hazardou• 1ubatancc1, conduct remedial 
action,, carry out atatc programs authorized 

~ 
0 .... 
(D 

cs .... 
by federal cleanup lawa, and take other 
action, . 

.... 
~ -00 

Hazardous Waste Cleanup WAC 173-340 Addreasea releases of hazardou• aubatancea Applicable to facilitie• where hazardoua 
Regulations cau•cd by paat activitiea, and potential and aubatancea have been released, or there 

ongoing n:leaaca from current activities . i1 a threatened release that may pose a 
threat to human health or the 
environment. 

Selection of Cleanup WAC 173-340-360 R&A Establishes cleanup requirements to include All 
Actions in cleanup plans. ldenti fies technologies to 

be considered for remediation of hazardous 
substances. 

S' .... 
t:i (D 

> 0 
t") t:i ~ .... .... g, ~ 0 cs 
I I 

00 to '° 
~ 

N 
I ...... 

5 
...... 

t") 

Cleanup Actions WAC 173-340-400 R&A Ensures that the cleanup action is designed, All 
conatructed, and operated in accordance 
with the cleanup plan and other specified 
requirement,. ! -

Institutional Controls WAC 173-340-440 R&A Require• physical measures such as fences SW-2, SW-3, ~ 
and •igns to limit interference with cleanup, SW-4, SW-S, IJQ 

(D 

and legal and administrative mechaniama to SW-6, SW-7, ~ 
enforce them. SW-8, SW-9, 0 

SW-10, 
..., 

GW-2, GW-3, 00 -GW-4, GW-S, 
GW~, SS-2, 
SS-3, SS-4, 
SS-S, SS~, 
SS-7, SS-8, 
SS-9, SS-10, 
SS-11 
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Alternative• 
A/ Poccntially 

0.:scription Citation R&A• Requirement• Remark• Affected 

Releaaes from WAC 173-340-450 A Require, interim action• to be performed Theae requirementa 111pplement thoae in SW-3, SW--4, 
Underground Stonge within 20 day, of confirmation of a UST WAC 173-360. SW-S, SW-6, 
Tank• rele11e. SW-7, SW-I, 

SW-9, SW-10, 

~ 
~ 
O"' -GW-3, GW--4, 

GW-S, GW-6, 
SS-3, SS-4, 

~ 

= :-,I 
SS-S, SS-6, 
SS-7, SS-8, 

~ 
0 .... 

SS-9, SS-10, 
SS-11 

~ 

= .... -· ~ 
Rt!g11Lition of Public 90 .44 RCW R&A Set, requirement• for withdrawal and Applicable if remediation include• GW-3, GW-S, 
Groundw11ter management of 1114te groundwater. groundwater withdnwal. GW-6 

-00 .... 
~ 

Solid Waste Mllllllgemeot Act 70 .9S RCW Establishes a 1114tewide prognm for aolid Applicable if management of aolid waste 
waste handling, recovery, and/or recycling . occurs during remediation. Solid waste 

controlled by this Act includes garbage, 
industrial waste, construction waste, 
ashes, and swill. 

Minimum Functional WAC 173-304 Establishes requirements to be met 
Standards for Solid Waste 1114tewide for the handling of all aolid 
Handling waste. 

.... t::J ~ 

;i;i.. 0 
t") t::J ~ .... -· ~~ 0 

= I I 

00 to l,C) 

~ 
N 

I ..... -· ..... 
::i 
t") 

On-11ite WAC 173-304-200 R&A Seta requirement• for containers and All 
Containerized vehicle, to be uaed on aite; requires 
Storage, Collection, monthly inspections and retention of 
and Tnnsportation inspection records for at least two years . ! 
Standards -~ 

~ 
(1Q 
~ 

.i. 
0 ..., 
00 -



-
Alternative• 

Al Potentially 
Deac ription Citation R&A• Requirement• Remarks Affected 

Solid Waste Incinerator WAC 173-434 Eatabliahc• cmiuiona •undard•, design 
Facilities requiremcnu, and pcrfonnancc •undarda 

for aolid w11tc incinerator facilitic• ~ 
~ er -Emissions Standards WAC 173-434-130 A Limit• particulate cmi11ion1 from each Applicable to remedial actiona involving SW-9, SW-10, l'D 

stack to <0.046 g/dry m' for ayatema incineration. SS-10, SS-11 
greater than 250 ton/day and <0.069 g/dry 

t,:j 
~ 

m' for 1y1tcm1 under 250 ton/day . Limit, 
both hydrogen chloride and •ulfur dioxide "'a 

0 
to leas than 50 ppm each per •tack. Visual ... 

l'D 
opacity shall not exceed 5 $ average for :s ... 
more than 6 minutes in 60 minute•. Limita -· ~ 
tranamiaaomcter opacity to 10$ and 
require• reaonablc precautions to limit 
fugitive emissions . 

-rJJ 
S' ... tj l'D 

Uode~ro1Wd Storage Tanks Act 90 .76 RCW Establishea an administrative and Applicable if UST, are or will be 
enforcement program for underground associated with remedial activitie•. 
storage tanks (UST) . 

Underground Storage Tani:. WAC 173-360 Seta implementing requirement• for Not applicable to UST 1y1tem1 holding 
Regulations underground storage tanl:.s . hazardous waste, •ubject to Subtitle C of 

the Federal Solid Waste Disposal Act, 
or a UST system that contains a de 

> 0 
n tj 91 ... -· ~ :;:d 0 :s ~r 
I 

rJJ to \0 
"O N 

I 

~ ...... 
s ...... 
n 

minimis concentration of regulated 
•ubstances. Sec WAC 173-340 for 
additional requirements . 

Relea.e Detection for WAC 173-360-34 A Requirea all methods of release detection Exceeds requirementa in 40 CFR SW-3, SW-4, ~ 
Tanks used after December 22, 1990, except for §280.43 SW-5, SW-6, -"'a 

method• in place prior to that date , to be SW-7, SW-8, 
capable of detecting a leak rate or quantity SW-9, SW-10, 

~ 
(1Q 
l'D 

with a probability of detection of 0.95, and GW-3 , GW-4, UI 
a probability of a false alarm of 0.05. GW-5, GW-6, 

SS-3, SS-4, 
SS-S, SS-6, 

0 ..., 
0C -SS-7, SS-8, 

SS-9, SS-10, 
SS-11 
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Altemativea 
Al Potenti,lly 

Dcscription Citation R&A• Rcquircmenta Remark• Affected 

Relcaae Detection for WAC I 73-360-350 A Require• • II method• of rcle•ac detection Exceed• rcquircmcnlt in 40 CFR SW-3, SW-4, 
Piping uacd after December 22, 1990, except for 1280.44 . SW-5, SW-{;, 

~ 
method• in place prior to that date, to be SW-7, SW-8, ~ 

capable of detecting a leak rate or quantity SW-9, SW-JO, O"' -with • probability of detection of 0.95, •nd GW-3, GW-4, ~ 

• probability of• false alarm of 0.05 . GW-5, GW-{i, t::= 
SS-3, SS-4, ;-I 
SS-5, SS-{i, ""d 
SS-7, SS-8, 0 .... 
SS-9, SS-10, ~ 

SS-11 ::s .... -· ~ 
Relea8¢ lnve¥tigation WAC 173-360-370 A Require• leak-telling of any tank• and Exceeds requirements in 40 CFR SW-3, SW-4, -

piping that may or may not be in UIIC but §280.52 . SW-5, SW-{;, 00 .... 
arc coMected to a UST •ystcm that SW-7, SW-8, ~ .... tj 
routinely contain• a regulated substance . SW-9, SW-10, ~ 

> 0 GW-3, GW-4, 
I") tj ~ 

0:, GW-5, GW-{i, .... .., 
SS-3, SS-4, o· g, ~ I ::s 

-.J SS-5, SS-{i, I I ....., 00 to \0 
SS-7, SS-8, } 

N 
I 

SS-9, SS-10, 
,_. 
,_. 

SS-11 s 
I") 

Temporary Closure WAC 173-360-380 A Any UST system temporarily clo•cd for Exceeds requirements of 40 CFR SW-3, SW-4, 

! of UST Systems three months or more must be tightneaa- §280.70 . SW-5, SW-{i, 
tested prior to being put back in service . SW-7, SW-8, 

SW-9, SW-JO, 
GW-3 , GW-4, -GW-5, GW-{i , ~ 
SS-3, SS-4, (JQ 

SS-5, SS-{i, ~ 

SS-7, SS-8, 0'I 

SS-9, SS-10, 0 ..., 
SS-11 00 -



Altcmative1 
A/ Pocentially 

Deacription Citation R&A• Requirement• Remark• Affected 

Permanent Cloaure WAC l 73-360-38S A Permanent clo1t1re mull be completed Exceed• requiremenll of 40 CFR SW-3, SW--4, 
within 60 day1 after expintion of the 30- 1280.71. SW-S, SW-6, 
day notification of clo1t1re. If the tank SW-7, SW-8, 
1y•tem i1 permanently clo•ed, pipini mull SW-9, SW-10, 
be removed or capped . GW-3, GW-4, 

GW-S, GW-6, 
SS-3, SS-4, 

~ 
D) 
O"' -n, 

1:1,1 
:..:a 

SS-S, SS-6, 
SS-7, SS-8, 
SS-9, SS-10, 
SS-11 

""d 
0 
~ 
n, 

= ~ .... 
D) 

Water Pollution Cootrol Act 90.48 RCW Prohibits diacharge of polluting matter in -(I) 
waten. S" 

Underground Injection WAC 173-218 A Eatabliahe1 permitting requirement, for Federal Criteria and Standards for the GW-S 
Control Program injection of fluid• through well•. Prohibits Underground Injection Control Program 

injection of any dangerous or ndioactive (40 CFR 146) arc reserved at this time. 
walle fluids . Prohibit, injection of 
induatrial or commercial wa•te fluid, 
beneath the lowermo1t formation 
containing, within 1/4 mile of the well, an 
underground aource of drinking water. 

~ tj n, 

> 0 
n tj~ ~ .... 

~~ 0 

= I I 

(I) to '° } 
N 
I ...... 

Si 
...... 

n 
State Waste Discharge WAC 173-216 lrnplemenll a •tale permit prognm, 
Permit Program applicable to the diacharge of walle 

materials from industrial, commercial, and 
municipal opentiona into the around and 
1t1rface watcn of the atatc. Exclude• 

! -discharge• under NPDES and underground 
injection control prognma. ~ 

IJQ 
n, 

Permit Terms and WAC 173-216-110 R&A Require• the uae of all known, available, SW-4, SW-S, ---l 
Conditions and reaaonable method• of prevention, SW-6, SW-7, 

control, and treatment. SW-8, SW-9, 
SW-10, 

0 ..., 
QC .._, 

GW-S, OW-6, 
SS-4, SS-S, 
SS-6, SS-10, 
SS-11 



Description 

Water Weil Coostnactioo Act · 

Standards for 
Construction and 
Maintenance of 
Wells 

Citation 

18.104RCW 

WAC 173-160 

•NOTE: A = Applicable , R&A = Relevant and Appropriate 

,J, I '.JQ 1· IJ p'J m Q 
,X) ~ ,) . ,J ;c> u;,1 ~ '-'! 

A 

Requircmenta 

Eatablilhe, minimum atandard• for de•ign, 
conatruction, capping, and sealing of all 
well,; acta additional requircmenll 
including disinfection of equipment, 
abandonment of well•, and quality of 
drilling waler. 

Remark• 

Applicable if waler supply well,, 
monitoring well,, or other well, arc 
utilized during remediation. 

Alternative, 
Potentially 
Affecled 

SW-2, SW-3, 
SW-7, SW-I, 
GW-2, GW-3, 
GW-4, GW-S, 
GW-6, SS-2, 
SS-3, SS-7, 
SS-8, SS-9 

~ 
~ 
C" -n, 

t= 
;-:a 

~ 
0 .... 
n, 

= .... .... 
~ -00 
S" .... tJ n, 

> 0 
n tJ 91 .... .... 

~ ~ 0 = :::, 
I I 

00 to 'D 

l 
N 

I ,_. 

5 
,_. 

n 

! -:P 
(1Q 
n, 
QO 

0 ..., 
QO -



• 
Alternative, 
Potentially 

Description Citation Rcquiremcnta Remark• Affected 

Beiiton-Fraoklio-Walla Walla General Regulation Establiahe1 a regional program of air pollution These county regulation• are authorized by 
Couoties Air Pollution Control 80-7 prevention and control. the state Clean Air Act. 
Authority 

Monitoring and Section 400-120 Monitoring of any aource may be required. All 
Special Reporting 

Residulll Radioactiye Material as U.S. NRC Sets contamination guidelines for release of All 
Surface Contamination Regulatory Guide equipment and building components for 

1.86 unrestricted use, and if building, are demoliahed, 
ahall not be exceeded for contamination in the 

i-3 
~ 
O"' -~ 
t:= 
QC 

ground . . 
U.S. Department of Energy > 

I") 

Orders .... -· 
Radiation Protection of the DOE 5400.5 Establiahes standards and requirement• for All 
Public anJ the Environment operations of DOE and DOE contractora 

respecting protection of the public and the 
environment against undue risk of radiation. 

Discharge of Treatment DOE 5400.xy Treatment •yatema ahall be de1igned to allow Required of all DOE-controlled facilitie1 SW-9, SW-10, 
System Effiuent operaton to detect and quantify unplanned where radionuclide& might be released as a GW-4, GW-5, 

releases of radionuclide,, consistent with the consequence of an unplanned event. GW-6, SS-7, 
potential for off-property impact. SS-8, SS-9, 

0 t; = I 0 00 
t; ~ j el.~ 5 .... I 

I") t:d \0 
N 

~ 
I ...... 

(j 
...... 

Cl} -SS-10, SS-11 ~ 
Radiation Protection for DOE 5480. 11 Establishes radiation protection atandards and All 

(IQ 
~ 

Occupational Worken Section 9a program requirement, to protect worken from ~ 

ionizing radiation. 0 ..., 
Safety Requirements for the DOE 5480.3 Establishes requirements for packaging and SW-4, SW-5 , N -Packaging of Fissile and Sections 7 and 8 transportation of radioactive materials for DOE SW~. SW-9, 
Other Radioactive Materials facilities SW-10, SS-4, 

ss-s, ss~. 
SS-10, SS-11 
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Effluent Couseot Order 
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Eatablishea policies and ,uidelinea by which DOE 
manage, ndioactive waste, waste by-producta, 
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Dispoul shall be on the aite at which it wu 
aenerated, if practical, or at another DOE facility . 
DOE waate containing byproduct material shall be 
stored, stabilized in place, and/or disposed of 
consistent with the requirement• of the residual 
radioactive material ,uidelinca contained in 40 
CFR 192. 

Requirca discharge• of liquid effluent to the •oil 
column to be eliminated, treated, or othcrwiae 
minimized . 
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Remarks Affected 

All 
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Deacription Citation A/ Rcquiremcnt1 Remarka Alternative, 
R&A• Potentially 

Affected 

Archaeological and Historical 16 U .s.c . 469 A Require• action to recover and preserve Applicable when remedial action threatena SW-2, SW-3, 
Presenation Act of 1974 artifacll in area, where activity may cauae 1ignificanl acientific, prehiatorical, biatorical, SW-4, SW-S, 

irreparable harm, l011, or deatruction of or archeological data. SW-6, SW-7, 

;3 
O" -~ 

1ignificant artifact1. SW-I, SW-9, 
SW-IO, GW-2, 
GW-3, GW-4, 

t::1:1 
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GW-S, GW-6, 
SS-2, SS-3, 
SS-4, SS-S, 

~ 
0 .... 
~ = SS-6, SS-7, 

SS-1, SS-9, 

.... -· ~ -SS-10, SS-11 ~ 
Q. 

Endalll!ered Species Act of 1973 16 U.S.C. 1531 cl Prohibits federal agenciea from 
aeq . jeopardizing threatened or endangered 

~ 

iJ 0 -apecies or advencly modifying habitats 
essential lo their survival. 

Fish and Wildlife Services 50 CFR Parts 17, A Require, identification of activitiea that Requires conauhation with the Fish and All 
List of Endangered and 222, 225 , 226 , 227 , may affect lilted apeciea. Actiona mull Wildlife Service to determine if threatened or 
11m:atened Wildlife and Plant• 402, 424 not threaten the continued exiatence of a endangered apecie1 could be impacted by 

listed apeciea or destroy critical habitat. activity . 

Historic Sites, Buildings, and 16 U.S.C. 461 A Establishes requiremenll for preservation SW-2, SW-3, 
Antiquities Act of historic 1ite1, building•, or objecll of SW-4, SW-5, 

~ 0 
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national aignificance. Undesirable SW-6, SW-7, 
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GW-5 , GW-6, 
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SS-4, SS-5, ~ 

(JC 

SS-6, SS-7, ~ 

SS-8, SS-9, ..... 
SS-IO, SS-11 0 ...., 

w --



93130 Ui .1817 

Description Citation Al Requiremcnta Remarb Alternative a 
R&A• Potentially 

Affected 

National Historic Presenatioo Act 16 U.S.C. '470 ct A Prohibita impacll on cultural re10Un:e1. Applicable to properties lilted in the National SW-2, SW-3, ~ 
of 1966, as amended. aeq. Where impacll are unavoidable, require• Regiater of Hiatoric Place,, or eligible for SW-4, SW-S, 

impact miti1ation throu1h de1i1n and data 1Uch lilting. SW-6, SW-7, 

~ 
c::r -~ recovery. SW-8, SW-9, 

SW-10, GW-2, 
GW-3, GW-4, 

b::I 
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GW-S, GW-6 , ~ 
SS-2, SS-3, 0 ... 
SS-4, SS-S , 
SS-6, SS-7, 
SS-8, SS-9, 

~ a -· ~ -SS-10, SS-11 ~ 
~ 
Q., 

Solid Waste Disposal Act, as 42 U.S.C . 6901 el Eatablishca the basic framework for 
amended by the Resource acq . federal regulation of aolid and haz• rdoua 

~ 

;J a -Cousenatiou aud Reconry Act waste. 
(RC RA) 

Criteria for Classi fication of 40 CFR 257 Seta criteria for dcterminin1 which aolid 
Solid Waste Disposal waste dispoaal f1cilitie1 and practice, pose 
Facilities and Practice, a reaaonable probability of adver.e effecll 

on health or the environment. 

Floodplain, 40 CFR 1257.3-1 A Prohibita facilitiea or practice, in SW-3, SW-4, 
floodplaina from restricting the flow of SW-S, SW-6, 
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the bue flood , reducing the temporary SW-7, SW-8, 
water atoragc capacity of the floodplain, SW-9, SW-10, 
or cau1in1 washout of aolid waate, ao H GW-S, GW-6, ~ 
to pose a hazard to human life, wildlife, SS-3, SS-4, 
or land or water re10Un:e1. SS-S, SS-6, ~ -SS-10, SS-11 ~ 

Endangered Species 40 CFR 12S7 .3-2 A Prohibita facilitiea or practice, from All 
(JQ 
~ 

cauaina or contributina to the takina of N 
any endangered or threatened apcciea of 
planta, fish, or wildlife. Prohibita 
delltlUction or advenc modification of 

0 ..., 
w --habitat of endangered or threatened 

apccie1. 
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R&A• Potentially 

Affected 

Hazardoua Walle Treatment, 40 CFR Part 264 Eatablilhea atandarda for management of Applicable to owncn and operaton of all ""'3 
Stonge, and Dispoaal hazardoua Walle. hazardoua wutc facilitiea . ~ 

O"' -Location Standard• 40 CFR 1264.18 A Prohibit• new TSD facilitiea from being SW-4, SW-S, 
located within 61 metcn (200 feet) of a SW-6, SW-9, 
fault displaced during the Holocene. sw-10, ow~s. 

tD 

t:T:I 
IC . 

Require• a facility located in a 100-year GW-6, SS-4, 
floodplain to be deaigncd, conatructed, SS-S, SS-6, 
operated, and maintained to prevent SS-10, SS-11 
waahout or relcaac of any hazardoua waste 

'"Cl 
0 
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= ~ -· by a 100-year flood . ~ -
Wild and Scenic Rivers A.ct 16 u.s.c 1271 A Prohibit• federal agenciea from The Hanford Reach of the Columbia River ia SW-3, SW-4, ~ 
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tD 

resource project that would have a direct river. SW-7, SW-8 , 
and adverac effect on the value, for which SW-9, SW-10, 
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scenic river or included as a study area. GW-S, GW-6, 
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Description Citation 

Solid Waste Management Act 70.9S RCW 

Minimum Functional WAC 173-304 
Standard, for Solid Waste 
Handling 

Locational Standards for WAC 173-304-130 
Disposal Sites 

l111bital Buffer Zone for Bald RCW 77 . 12 .655 
Eagle Rules 

Bald Eagle Protection Rulea WAC 232-12-292 

Regulating the Taking or RCW 77 .12.040 
Posses.mi& of Game 

Endangered, Threatened, or WAC 232-12-297 
Sensitive Wildlife Specie• 
Clusification 

•NCYfE: A = Applicable, R&A = Relevant and Appropriate 

Al 
R&A• Requirement• 

Eatabliahe• functional performance 
1tandard1 for •olid waatea 

A Prohibits facilitie• from being located 
on a holocenc fault, in aubaidence 
arcaa, on unatable 1lope1, adjacent to 
geological feature• which could 
compromise the •tructural integrity of 
the facility, or in area• designated by 
the U.S. Fiah and Game aa critical 
habitat. Require• that the bottom of 
the lowe•t liner be at lca•t 10 ft above 
the seuonal high of the groundwater in 
the uppcrmoat aquifer . Require• that 
the facility be no closer than 1000 ft to 
a downgradient drink.ing water well and 
no closer than 200 ft to surface water 

A Prescribe• action to protect bald eagle 
habitat, auch aa nc•ting or roo•t 1ite1, 
through the development of a aitc 
management plan. 

A Prescribe• action to protect wildlife 
claaaificd a• endangered, threatened, or 
sensitive, through development of a •ite 
management plan. 

Alternative• 
Potentially 

Remark• Affected 

~ 
SW-4, SW-S, 
SW-6, SW-9, 

~ 
O" 
ti' 

SW-10, 
GW-S, GW-6, = I--' 
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SS-11 ~ .... 

~ 
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Applicable if the area• of remedial All 
activitic• includea bald eagle habitat. = I 

Cl) 
'O 
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(") 

Applicable if wildlife claasified a• All 
endangered, threatened, or sensitive arc ! 
present in area• impacted by remedial 
activitie•. 
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Dcacription 

Floodplaina/Wetland1 
Environmental Review 

Protection and Enhancement 
of the Cultural EnviroMlCnt 

Hanfo rd Reach Study Act 

Citation 

10 CFR Part 1022 

Executive Order 
11593 

P.L. 1~05 

93130{ 9,.18t~ 

Rcquircmenta 

Require• federal agencie• to avoid, to the extent 
po11ible, advene effecta anociated with the 
development of a floodplain or the dellruction or 
1011 of wetland•. 

Provide• direction to federal agencie• to prcac:rve, 
restore, and maintain cultural R10Urce1. 

Provide• for a comprchenaive river conac:rvation 
11udy. Prohibita the conlllruction of any dam, 
channel , or navigation project by a federal agency 
for 8 yeara after enactment. New federal and 
non-federal project• and ac1ivitie1 arc required, to 
the extent practicable, to minimize direct and 
adverac: effect• on the value• for which the river ia 
under Bludy and to utilize exillling ltl\lCIURI. 

Alternative• 
Potentially 

Remark• Affected 

Pertinent if remedial activitie• take place in All 
a floodplain or wetland•. 

Pertain• to 1itc1, IIIIUCIURI, and objecta of All 
hi•torical , archeological, or architectural 
aignificance. 

Thi• law wa• enacted November 4, 1988. SW-3, SW-4, ~ 
SW-5, SW~. 
SW-7, SW-8, 
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APPENDIX C 

DESCRIPTIONS OF SOLID WASTE, GROUNDWATER, AND SOILS/ 
RIVERBANK SEDIMENTS REMEDIATION TECHNOWGIES 

The information in this Appendix includes descriptions of technologies which are 
potentially applicable for remediation of the Hanford 100 Area solid waste, groundwater, 
and soils/riverbank sediments. In accordance with CERCIA FS guidance, a broad range 
of technologies representing relatively simple responses, such as institutional actions, to 
more complex remediation approaches involving treatment is discussed. 

The technology descriptions contain five general sections: 

• Applicability (potential): The media or type of contamination which may 
be remediated by the specific technology. 

• General Description: A brief discussion of technical characteristics. 

• Implementability: Discussion and qualitative rating pertaining to both 

• 

• 

technical and institutional implementability of the technology. 

Effectiveness: A brief overview of the type of waste for which the 
technology is intended and a qualitative rating of its effectiveness in 
providing a remediation for this type of waste . 

Cost: Cost of the technology on a low, moderate, high, or very high scale . 
Cost is relative to other process option costs within the same technology 
group. 

Tables 1, 2, and 3 present the technologies and process options which were 
analyzed in this feasibility study. 

The order of presentation for technology descriptions in this Appendix coincides 
with the screening discussions in Chapter 4.0. The technologies are organized initially by 
applicable media and subsequently by general response action. The grouping of 
technologies is best illustrated by referring to Figures 4-1 through 4-6 which illustrate 
technology screening graphically. 

C-9 



DOE\RL-92-11 
Draft B 

1.0 SOLID WASTE TECHNOWGY DESCRIPTIONS 

1.1 ACCESS RESTRICTIONS 

Two methods of access restriction are discussed below: 

• fencing 
• deed restrictions. 

1.1.1 Fencing 

Applicability. Contaminated soils, riverbank sediments, and solid waste. 

General Description. Fencing is the construction of a physical barrier around a 
contaminated area with the intention of limiting access to the area (Merritt 1983). Note 
that monitoring of the site is also necessary if this option is used. 

Implementability. Fencing is commonly used for limiting access to restricted 
areas such as private properties (Merritt 1983). Fencing would be easily implementable 
at the Hanford 100 Area operable units containing contaminated soil, riverbank 
sediments, and solid wastes. 

Effectiveness. Fencing has limited effectiveness in preventing access to 
contaminated areas. A fence cannot prevent animals or humans from entering restricted 
areas, but does provide a barrier that would have to be crossed to gain access to an area. 

Cost. The costs for erecting fences and monitoring a site in and around the 
Hanford 100 Area are low due to the relatively low cost of materials and the ease of 
installation. 

1.1.2 Deed Restrictions 

Applicability. All Media 

General Description. Deed restrictions specify acceptable land uses and may take 
several forms, such as providing covenants against activities that may bring humans in 
contact with contaminants. Deed restrictions may include: provisions that prevent the 
use of groundwater (e.g., water right restrictions); requirements for approval of 
excavations beyond a specified depth; or limitations on land use by prohibiting activities 
such as grazing and farming. 

Implementability. Implementation of deed restrictions requires only 
administrative resources and visual monitoring to ensure that covenants are being 
obeyed. Deed restrictions are therefore considered to be easily implementable. 
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Effectiveness. Deed restrictions may be effective in preventing short-term human 
contact with contaminated areas; however, the long-term effectiveness of deed 
restrictions is uncertain. In general, deed restrictions are considered to have limited 
effectiveness. 

Cost. Deed restrictions involve only administrative resources in combination with 
visual monitoring and are considered to be low-cost methods for preventing human 
contact with contaminated regions of the Hanford 100 Area. 

1.2 MONITORING 

1.2.1 Leachate Monitoring 

Applicability. Contaminated soils, riverbank sediments, and buried solid waste. 

General Description. A leachate collection and removal system is required by the 
Resource Conservation and Recovery Act (RCRA) for all hazardous waste landfills. The 
collection and removal system could also be used to collect samples of leachate for 
monitoring purposes. Use of this approach avoids the use of more intrusive methods of 
monitoring contaminant migration from soil or solid waste disposal sites. The system 
consists of perforated pipe networks backfilled with gravel. The pipe network is sloped 
toward collection points located away from the contaminated media of concern. Other 
leachate detection systems besides the RCRA system may be used on a limited basis to 
indicate migration of contamination from solid waste burial sites. 

Implementability. Leachate monitoring is a well developed technology and is 
considered to be easily implementable for new waste burial sites. However, a monitoring 
system for existing sites may be difficult or impossible to install without excavating 
through contaminated materials. In addition, evapotranspiration prevents formation of 
any significant quantity of leachate, thereby eliminating the need for leachate monitoring. 
Leachate monitoring is considered difficult to implement at existing contaminated areas 
such as solid waste burial sites. 

Effectiveness. Leachate monitoring is considered to be an effective method for 
determining if contaminants are being mobilized in a leachate form if the system can be 
installed directly beneath a contaminated site. However, due to the difficulty of 
installing leachate monitoring systems beneath existing contaminated sites, the technology 
is ineffective for such cases. 

Cost. The cost of installing leachate monitoring systems beneath existing 
contaminated sites within the 100 Area is judged to be high. Excavation through 
contaminated areas would require significant safety measures to protect workers and 
containment and packaging of any contaminated materials that are removed would be 
necessary. These requirements would increase both the cost and the time required for 
installing the system. 
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Capping involves the installation of a barrier over the surface of the contaminated 
area to control erosion and prevent contact between infiltrating precipitation and 
contaminated wastes. Capping is an applicable technology for the non-removal general 
response actions and has been used in combination with other technologies. The 
following capping techniques are discussed below: 

• asphalt-based covers 
• concrete-based covers 
• soil/ clay-based covers 
• RCRA multi-media caps 
• Hanford barriers 
• synthetic covers 
• vitrification. 

1.3.1 Asphalt-Based Covers 

Applicability. All Media. 

General Description. Asphalt caps are single-layered caps composed of 
bituminous asphalt. The thickness of the cap is dependent on design parameters that 
consider settling and weathering effects. The cap must be sloped for runoff in order to 
minimize infiltration into the contaminated zone. Surface treatments are often required 
during the long-term maintenance of asphalt-based caps in order to provide a lasting 
seal. 

Implementability. The technology required for asphalt cap construction is 
commercially available (Merritt 1983). No specialized equipment is required and 
bituminous asphalt is a common construction material. However, in comparison to 
certain other capping techniques that employ naturally occurring materials, asphalt-based 
caps are considered to be moderately implementable. Asphalt-based caps are only 
implementable for localized areas and are not considered practical on a sitewide basis. 

Effectiveness. Asphalt caps are considered an effective means of providing short
term, single-layer containment for vertical migration in contaminated areas. Asphalt
based caps are not effective in reducing lateral migration of contaminants in groundwater 
without the use of vertical barriers. Periodic maintenance of an asphalt cap is required 
to reduce the effects of weathering and cracking. The plastic properties of asphalt may 
be engineered to provide protection from subsidence. Overall, asphalt caps are 
considered to have limited effectiveness due to inadequate long-term performance. 

Cost. The costs associated with the construction of an asphalt cap are high 
relative to other capping techniques. Although materials and equipment are inexpensive, 
periodic maintenance that would be essential throughout the life of the cap increases the 
total cost. 
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General Description. Concrete caps are single-layered caps consisting of 
aggregate and cementitious material mixtures. Similar to asphalt covers, concrete caps 
must also be designed with adequate strength to resist collapse should subsidence occur, 
and must be sloped to promote drainage of infiltrating precipitation and surface water. 
These caps also require periodic maintenance to extend the life of the cover. 

Implementability. The materials required to construct a concrete cap are locally 
available. Construction equipment may be used for concrete mixing and placement. 
Concrete caps are considered moderately implementable in comparison to other capping 
techniques due to the requirement of cementitious materials and installation equipment. 

Effectiveness. Concrete caps are effective in maintaining a short-term barrier 
against precipitation and surface water intrusion into a contaminated area. However, 
they are susceptible to cracking, subsidence, and weathering over the long term. Thus, 
concrete caps are considered to have limited effectiveness. 

Cost. The cost of implementing concrete caps at the Hanford 100 Area is judged 
to be high relative to other capping techniques. Although materials and equipment are 
relatively inexpensive, periodic maintenance will increase life cycle costs. 

• 1.3.3 Soil/Clay Covers 
t..:1 

C) 
~ Applicability. All Media. 

General Description. Clay and soil caps are constructed by spreading soil/ clay 
admixes over the contaminated area then compacting the soil/ clay layer to achieve a 
specified permeability. The specified permeability of the compacted soil/ clay layer is 
lower than that of the underlying soils. To achieve the design permeability, the soil/clay 
admixture may be modified with bentonite, lime, cement, or other material. The amount 
of the added material is determined through analysis of soil characteristics, compaction 
studies, and permeability tests. Soil/ clay covers are usually not acceptable as a surface 
barrier due to uncertainties associated with long-term performance and the need for 
routine maintenance throughout the life of the cap. 

Implementability. Soil/ clay covers are considered to be easily implementable. 
General construction equipment may be used to place and compact the soil/ clay mixture. 
Commercially available clay materials such as bentonite and soils from the site can be 
used to build the cap. 

Effectiveness. Soil/clay covers may be used as interim measures for short-term 
protection and would be effective in temporarily inhibiting the inflow of surface water to 
a contaminated area. Soil/ clay covers are not effective in reducing lateral groundwater 
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flow and contaminant mobility unless a vertical barrier is used in conjunction with the 
cover. The long-term effectiveness of a soil/ clay cover is limited because of its 
susceptibility to weathering and breaching by burrowing animals and vegetation. Clay
based covers are considered unsuitable for use as an impermeable barrier in the arid 
environment of the Hanford Site due to drying and subsequent cracking ( Anderson et al., 
1991). Therefore, the overall effectiveness of soil/clay caps is limited. 

Cost. Costs associated with the construction of a soil/ clay cap are low relative to 
other caps. Oay material and construction equipment are both readily available and 
inexpensive. As is the case with other caps, periodic maintenance increases life cycle 
costs. 

1.3.4 RCRA Multi-Media Caps 

Applicability. All Media. 

General Description. A RCRA multi-media cover refers to a three-layer cap 
system recommended by EPA guidance under RCRA. The RCRA multi-media cap is 
often referred to as a "RCRA cap." The cap consists of an upper vegetation layer, a 
drainage layer, and a low permeability layer. Infiltrating liquids are diverted away from 
the underlying waste materials through the drainage layer. The vegetation layer is 
usually a grass layer which binds the drainage layer and provides a "self-healing" effect to 
minimize the impact of cracking and weathering. Sand is a common ingredient for the 
drainage layer followed by fine grain soil and clay admixes for the low permeability layer. 
Synthetic materials are also used for the low permeability layer and are recommended 
for use in combination with a natural admix of low permeability material. 

Implementability. RCRA multi-media cap construction is a well developed 
technology and commonly used to cover nonradioactive hazardous waste disposal sites. 
RCRA multi-media caps consist primarily of natural materials that may be present on 
site. Application of a RCRA multi-media cap is readily implementable. However, if 
synthetic materials are used in the low permeability layer, specialized installation 
methods are necessary (see synthetic covers). 

Effectiveness. The combined effects of low permeability, drainage, and a 
vegetation layer provide a highly impenetrable barrier that is weather resistant and 
impervious to freeze/thaw and shrink/swell cycles. The drainage layer is effective in 
removing standing water from the surface of the cap, thereby preventing infiltration. A 
RCRA multi-media cap is considered effective for reducing surface water infiltration 
through contaminated zones. However, RCRA multi-media caps are not effective for 
preventing lateral migration of contaminated groundwater. The long-term performance 
of RCRA multi-media caps is uncertain. Thus, RCRA multi-media caps are considered 
moderately effective. 

Cost. In comparison with other capping technologies, RCRA multi-media cap 
costs are expected to be low due to the predominant use of natural materials that are 
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available on site. Installation costs may be higher than concrete or asphalt due to 
construction techniques. However, should a synthetic layer be used, costs will increase. 

1.3.S Hanford Barrier 

Applicability. All Media. 

General Description. The Hanford Barrier is an innovative concept currently 
being developed for use at the Hanford Site. The barrier is constructed of natural 
materials and consists of a soil layer overlying other layers of relatively coarse material 
such as sand, gravel, and riprap. The soil layer stores moisture until evaporation and 
transpiration recycle it back to the atmosphere. Soil also provides a place to grow plants 
that are necessary for preventing erosion. The coarse materials placed below the soil 
layer create a capillary break. This break inhibits downward percolation of water 
through the barrier. The coarse materials also act as deterrents to burrowing animals, 
deep-rooting plants, and potential human intruders. Low-permeability layers, placed in 
the barrier profile below the capillary break, are also being considered for use. Low 
permeability layers provide two benefits: any percolating moisture that passes through 
the capillary break is diverted away from the waste and the upward migration of gases 
from the waste is also minimized. Solution grouts are being evaluated for use as a 
construction aid and to provide additional structural stability to the barrier. The goals of 
the barrier design are to: 

• 

• 

• 

Function in an arid to semiarid climate. 

Limit the infiltration and percolation of water through the waste zone to 
near-zero rates; the performance objective is 1.6 x 10·9 cm/sec, which is 
about two orders of magnitude lower than the RCRA cap infiltration 
objective of 1.0 x 10-7 cm/sec. 

Eliminate the necessity for maintenance ( assuming loss of institutional 
control 100 years after disposal of the wastes). 

• Provide waste isolation for a minimum of 1,000 years with a potential life 
of up to 10,000 years. 

Implementability. The technology and materials required for barrier construction 
are readily available on site. Therefore, no specialized equipment or materials are 
required. The Hanford Barrier is considered to be moderately implementable relative to 
other caps due to method of construction and the need to establish a vegetative layer. 
The Hanford Barrier would be an unconventional method of closure for a land disposal 
unit receiving RCRA-regulated wastes and regulatory approval must be obtained. A 
RCRA cap must be of equal or less permeability than a bottom liner system (by 
regulation); therefore, th_e acceptability of the Hanford Barrier as a RCRA landfill cap 
will depend upon the acceptability of an unlined land disposal unit (see Technology 
Description of Trenches/Pits). 
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Effectiveness. While it has been based on sound design principles, this technology 
has not been field tested. This barrier is specifically designed for application at Hanford. 
The use of natural materials in construction of a Hanford Barrier eliminates the need for 
maintenance and therefore offers a high degree of effectiveness against infiltrating 
moisture and surface waters over the long term. However, as with all other caps, the 
Hanford Barrier is not effective for preventing lateral migration of contaminated 
groundwater. 

Cost. The cost of implementing Hanford Barriers at the 100 Area is expected to 
be moderate in comparison to other capping technologies. The equipment and natural 
materials required for construction are readily available and maintenance is not required. 

1.3.6 Synthetic Covers 

Applicability. All Media. 

General Description. Flexible synthetic membranes ( e.g., polyvinyl chloride, high 
density polyethylene, and neoprene) have been used as landfill liners and may be used as 
caps (Daniel and Estomell 1991). The synthetic barrier cover consists of a synthetic 
membrane liner covering a sloped soil base. The synthetic liner is installed in the field 
by splicing thin sheets together with the help of adhesives or heat. 

Implementability. Sheets of synthetic membranes are commercially available and 
are manufactured in a range of thicknesses and widths. They can be reinforced, have 
UV protection, and have smooth or roughened surfaces. The method of joining the 
sheets ( and the verification sampling requirements) are specific to the manufacturer and 
the type of liner material employed. Specialized installation methods are required for 
cap construction. This technology is considered to be easily implementable. 

Effectiveness. Synthetic membrane barriers are effective in preventing surface 
water intrusion into contaminated areas for short-term applications (30 year design life) 
assuming proper installation. Synthetic membrane caps are not effective for preventing 
lateral migration of contaminated groundwater. Maintenance is difficult and 
deterioration is likely to require the replacement of the membrane. The chemical and 
weather resistance properties of synthetic materials must be evaluated to determine long
term effectiveness (Daniel and Estomell 1991). The thickness and flexibility of a 
synthetic liner are critical to barrier performance. 

Cost. Synthetic liners are generally more expensive than other capping materials 
and thus material costs are considered to be high. Installation is labor intensive but 
large areas may be covered quickly using special field installation methods and sealing 
materials. Overall costs are moderate relative to other capping technologies due to 
speed of installation. 
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General Description. Refer to the in situ stabilization/solidification technology 
descriptions for solid waste for a discussion of this technology. Vitrification for capping 
involves the same process as in situ vitrification but not to the depth required for 
incorporating contaminants into the melt. The vitrification technique proposed here is 
simply used as a cap and is not intended for waste treatment as is the traditional use of 
this technology. 

Implementability. Cap construction by in situ vitrification is an innovative 
concept. Installation of a vitrified cap over contaminated areas is considered not 
implementable because formation of a continuous and homogeneous cap of uniform 
thickness is not practical. 

Effectiveness. Vitrification of soils would form a virtually impenetrable barrier to 
vertical migration of either precipitation or surface water. Lateral migration of 
contaminated groundwater would not be prevented. Difficulties in creating a continuous 
and homogeneous cap of uniform thickness suggest that this technique would have 
limited effectiveness for application to solid waste, soils, and riverbank sediments. 

Cost. The costs associated with the installation of a vitrified cap are expected to 
be comparable to in situ waste vitrification costs. In comparison with other capping 
technologies, vitrification costs would likely be extremely high. 

?i4 1.4 HORIZONTAL BARRIERS 

The following types of horizontal barriers are discussed below: 

• grout injection 
• cryogenic walls 
• vitrification. 

1.4.1 Grout Injection 

Applicability. All Media 

General Description. Grout injection provides a barrier to vertical migration of 
contaminants by forming an impermeable "floor" of cement-based material beneath a 
contaminated zone. 

Grout injection uses a jet nozzle to force grout into soils. Boreholes are drilled at 
regular intervals through the waste site or around its perimeter to a specified depth 
beneath the contaminated zone. Horizontal drilling techniques may be used to form the 
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boreholes required for grout injection without disturbing the contaminated site. Grout is 
injected through the jet nozzle to form a lateral circular pattern. The nozzle is rotated 
to insure that the grout is spread evenly in all directions and the process is repeated at 
each drilling location until a uniform "floor" layer is installed. 

Block displacement, which is a variation of grout injection, is intended to displace 
waste and make it easy to retrieve. A slurry trench is constructed around the 
contaminated zone to serve as horizontal containment. Grout injection wells are bored 
through the contaminated zone. Toe injected grout displaces a block of contaminated 
soil. (Note: The displacement of blocks in the 100 Area is impossible due to the porosity 
of soil. Therefore, this variation has not been evaluated further.) 

Implementability. Toe formation of horizontal barriers by grout injection is an 
innovative technology which, although tested, has not been implemented on a large scale. 
This technology relies on forced grout injection to form a uniform, continuous layer 
beneath a contaminated zone. Formation of this continuous layer is dependent on the 
porosity of the soil at the site. The coarseness of Hanford 100 Area soils makes control 
of the grout flow path difficult. In addition, the potential for drilling through radioactive 
waste in order to install the barrier must be considered. This practice. may not be 
consistent with As Low As Reasonably Achievable (AIARA) principles. 

Effectiveness. The effectiveness of this barrier is dependent on the formation of a 
uniform, continuous grout layer beneath the contaminated zone. The long-term 
effectiveness of grout injection has not been determined. Tests in Hanford 100 Area 
soils would be required in order to determine the effectiveness of grout injection. Toe 
difficulties involved with controlling flow direction and the formation of a uniform 
barrier in highly permeable soils suggests that this technology will have limited 
effectiveness for application to solid waste, soils, and sediment. Grout injection is not 
considered effective as a horizontal barrier for groundwater at the Hanford 100 Area 
due to the existence of natural clay barriers (i.e., Blue Clay of the upper Ringold 
Formation). 

Cost. Quantitative cost information is not readily available for implementation of 
grout injection. However, in comparison to other horizontal barrier technologies, the 
cost is expected to be moderate if the process is implementable. 

1.4.2 Cryogenic Walls 

Applicability. All Media 

General Description. A horizontal cryogenic wall may be constructed by freezing 
interstitial water within the soil beneath the contaminated zone, forming a barrier to 
contaminant migration. Frozen soil is substantially less permeable than unfrozen soil 
and possesses more shear strength. The ground is frozen by installing steel pipes 
uniformly along a horizontal freeze line. A smaller diameter pipe placed within the steel 
pipe is used for coolant circulation. The outer pipe serves as a return line in this closed-
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loop system. The installation of a cryogenic horizontal barrier is similar to the vertical 
barrier with the exception that pipes are installed at an angle from the perimeter of the 
area to be contained. The pipes are angled to intersect beneath the waste site forming a 
continuous barrier to vertical migration. 

Implementability. The formation of cryogenic barriers is an innovative 
technology. Cryogenic walls are not considered implementable for soils, riverbank 
sediments and solid waste sites for two reasons. One, the vadose zone soils of Hanford 
do not have sufficient interstitial moisture to form a cryogenic wall, and two, any 
addition of moisture is considered infeasible due to the potential for contaminant 
mobilization. Implementability of cryogenic walls beneath contaminated groundwater is 
judged to be difficult. 

Effectiveness. The effectiveness of a cryogenic barrier is dependent on the ability 
to maintain a continuous frozen barrier around a contaminated zone. The process is 
considered ineffective for the same reasons that limit implementability. Furthermore, 
maintaining the cryogenic barrier requires continuous circulation of coolant. This 
continuous operating requirement for cryogenic walls makes the process ineffective for 
long-term containment. A horizontal cryogenic wall is not considered effective as a 
horizontal barrier for groundwater due to the existence of natural clay barriers. 

Cost. The time required for the soil to freeze strongly influences the cost of 
constructing a cryogenic barrier. The energy costs for initial freezing is high, but 
maintenance of the frozen layer is less energy intensive. Circulation of coolant to 
maintain frozen conditions requires continuous energy consumption. Costs to construct 
and maintain a cryogenic barrier are very high relative to other horizontal barriers. 

1.4.3 Vitrification 

Applicability. All Media 

General Description. Refer to the in situ stabilization/solidification technology 
descriptions for solid waste for a discussion of this technology. The application for 
horizontal barriers involves the same process of vitrification, except that the melt zone is 
beneath the contaminant source. The vitrification technique proposed here is simply 
used as a barrier and is not intended for waste immobilization. 

Implementability. The formation of a horizontal barrier by in situ vitrification is 
an innovative concept. Installing a horizontal barrier beneath contaminated 
groundwater, soils, sediments, or solid waste sites using in situ vitrification requires 
electrode placement at depths dependent on the particular site. The maximum 
demonstrated melt depth of in situ vitrification is 19 feet (RAAS 1991). The depth of 
horizontal barriers required beneath some contaminated zones at the Hanford 100 Area 
would be in excess of 30 feet. In situ vitrification technology would require substantial 
modification to melt the zone below this level. Thus, application of in situ vitrification 
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as a horizontal barrier below contaminated zones is not considered implementable in the 
Hanford 100 Area at this time. 

Effectiveness. Vitrification of soils would form a virtually impenetrable barrier 
against vertical migration of contaminants. However, the ability to form a continuous 
vitrified layer with current processes is uncertain. Failure to form a continuous layer 
would render the barrier ineffective. 

Cost. The costs associated with the installation of a vitrified horizontal barrier 
are comparable to the in situ waste treatment technique. In comparison to other 
horizontal barrier technologies, vitrification costs would be extremely high. 

1.5 VERTICAL BARRIERS 

The following types of vertical barriers are discussed below: 

• slurry walls 
• grout curtains 
• sheet pilings 
• cryogenic walls 
• biological barriers . 

1.5.1 Slurry Walls 

Applicability. All Media 

General Description. Slurry walls are the most common form of vertical 
subsurface barrier. Slurry walls are formed by excavation of a vertical trench using the 
slurry as a drilling fluid and to shore the trench to prevent collapse. The slurry reduces 
fluid losses into the surrounding soils through formation of a filter cake on the trench 
walls. Materials which have been used to construct slurry walls include soil-bentonite 
and cement-bentonite mixes. 

Implementability. Slurry wall construction is a developed technology. The 
controlling factors for construction of a slurry wall include soil characteristics, such as 
grain size, uniformity, mineralogy, porosity, and permeability, and depth to the bottom 
confining layer. The sediments under the Hanford 100 Area are very coarse-grained and 
highly permeable. Installation of a slurry wall in this material would be very difficult due 
to the presence of large boulders (up to a few feet in diameter) in the formation. The 
physical removal of material of this nature would produce a wall with a highly variable 
cross sectional thickness. The depth of the slurry wall will affect the implementability of 
this technology. Typically, slurry walls are constructed from 100 to 140 feet deep in 
sandy or silty soils. At certain locations in the 100 Area, excavation depths of up to 
about 160 feet, in highly variable grain size material, would be required. The 
implementability of a standard slurry wall is highly suspect at these depths and under 
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these conditions. Also, the coarse-grained nature of the Hanford Formation would result 
in significant losses of slurry from the excavation, thereby threatening wall stability 
during construction and requiring large slurry volumes with resultant increases in costs. 

Effectiveness. Factors affecting performance of slurry walls include soil 
characteristics, contaminant compatibility, wall uniformity, and wall strength. The slurry 
wall should be of uniform thickness in order to provide a more effective barrier. 
Construction of a relatively uniformly thick wall in the riverbank sediments of the 
Hanford Formation is suspect, primarily due to the wide range of grain sizes in the 
formatio;n material. To provide a core area of uniformity, the width of the slurry wall 
would have to be increased to accommodate variations in the wall excavation width. 
Soil-bentonite slurry walls are generally considered more effective in reducing 
co11taminant migration than cement-bentonite slurry walls because of their wider range 
of chemical compatibility and lower permeability. The soil-bentonite slurry wall has high 
compressibility (low strength) and elasticity which would be a disadvantage if applied at 
the Hanford 100 Area. The cement-bentonite slurry would be more effective under 
these conditions. For these reasons, slurry walls are judged to be moderately effective in 
reducing groundwater flow in unconsolidated materials. 

Cost. The cost of installing a slurry wall is dependent on the depth, length, and 
composition of the excavation trench. Cement-bentonite slurry wall construction costs 
are, on the average, 30 percent higher than those for soil-bentonite slurry walls. The 
cost of installing slurry walls at the Hanford 100 Area is considered to be high relative to 

c other vertical barriers due to the depth of wall required, i.e., the wall must penetrate to 
~ confining layers such as the Blue Clay layer of the Ringold Formation . 

• . ,:n -
Cl 1.5.2 Grout Curtains 
~ 

Applicability. All Media 

General Description. Grout curtains are vertical barriers used to reduce or 
contain groundwater flow. Grout curtains are formed by pressure injection of grout 
through pipes, augers, or beams that are inserted into the ground using a crane and 
hammer or a drill rig. The curtain is developed one "post" at a time along the 
containment boundary. A secondary line of grout posts are arranged behind the primary 
curtain to fill any gaps that may have been left during the first pass. 

Implementability. Grout curtains are considered implementable at most sites. 
Soil characteristics such as grain size and uniformity will affect implementation of grout 
curtains. The presence of very coarse-grained or nonuniform materials in the Hanford 
Formation increases uncertainty in the proper positioning of the grout posts during 
installation and in the integrity of the grout coverage. Another consideration is the 
depth required to contain contaminants; this technology could be used with other 
barriers to contain contaminants with more certainty. High permeability soils in the 100 
Area would inhibit formation of a grout curtain by reducing the ability to control 
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continuity of grout placement. Thus, grout curtains are considered to be moderately 
implementable in the 100 Area. 

Effectiveness. Grout curtains are not considered as effective in controlling 
migration flow as other forms of subsurface barriers. Gaps may form in the curtain as a 
result of grout shrinkage during setting. The permeable nature of the soils will require 
significant quantities of grout to form a barrier and may also affect the overall 
performance of the grout curtain. The difficulties in forming a continuous curtain in the 
soils at the Hanford 100 Area suggest that this method would be ineffective as a vertical 
barrier. 

Cost. The costs associated with the installation of grout curtains are dependent 
on the depth and length of the curtain. A significant amount of material would be 
required to contain contamination in the 100 Area operable units. Consistent other 
cement-based barrier technologies, the cost of grout curtains is considered to be high. 

1.5.3 Sheet Pilings 

Applicability. All Media 

General Description. Sheet pilings are another type of vertical barrier used to 
limit lateral flow of groundwater. A sheet piling barrier can be made from an 
assortment of materials including wood, precast concrete, or steel. Steel is most 
commonly used since wood deteriorates and concrete is bulkier and more costly. The 
sheet piling forms a continuous barrier which reduces or eliminates subsurface water 
flow. The walls are typically assembled at the surface prior to installation and the piles 
are then driven a few feet into the ground over the length of the wall. The process is 
repeated until the entire wall is deep enough to contain contamination. Sheets are 
usually driven into the ground with either a drop hammer or a vibratory hammer. When 
the wall is initially installed, the interlocking posts are quite permeable. However, with 
the passage of time, fine silt and sand particles usually fill the void spaces between piles 
and the wall becomes impermeable. 

Implementability. The applicability of sheet piling is limited to areas where soil 
type is conducive to use of the technology. Rocky areas will render installation nearly 
impossible by causing damage or deflection of the sheets. For this reason, sheet piling is 
not considered implementable at the Hanford 100 Area. 

Effectiveness. The difficulty noted above for installing sheet pilings in the rocky 
soils of the 100 Area would result in unpredictable wall integrity. Therefore~ sheet piling 
is considered to be ineffective. 

Cost. The costs associated with installing sheet piling barriers are considered high 
relative to other vertical barriers due to implementation difficulties caused by the rocky 
soils of the Hanford 100 Area. 
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Refer to the discussion presented previously under Horizontal Barriers. 

1.5.S Biological Barriers 

Applicability. All Media 

General Description. Accumulation of a biomass around nutrient injection wells 
during in situ bioremediation is a widely recognized phenomenon. In situ 
bioremediation systems are designed to maximize microbial growth and thereby reduce 
the local hydraulic conductivity. However, extensive biomass accumulation could be 
made useful by establishing an impermeable barrier around a contaminated region. 
Conceptually, this barrier could be achieved by continuously introducing high 
concentrations of microbial nutrients into wells that surround the contaminated area. 
The integrity of the barrier can be maintained as long as nutrients are supplied to the 
bacteria. Bacteria indigenous to the Hanford Site may 
be used to form a biological barrier. Bacteria possess a surface layer that serves to 
aggregate individual microbes into large masses. 

Implementability. Implementation of biological barriers has not been 
demonstrated. Maintaining a stable biological barrier is difficult. Injection of nutrients 

c- and organisms has potential to mobilize contaminants. Thus, biological barriers are not 
§; considered implementable. 

-
Effectiveness. The technology is at the conceptual stage of development and only 

a few laboratory experiments have been completed. The effectiveness of a biological 
barrier at Hanford is unknown due to the experimental nature of the technology. 

Cost. The cost of implementing and maintaining biological barriers is also 
unknown. However, the process is expected to have low capital costs but high operating 
costs for nutrient addition. 

1.6 RUN-ON/RUNOFF CONTROL 

The following methods of run-on/runoff controls are discussed below: 

• diversion/ collection 
• grading 
• revegetation. 

1.6.1 Diversion/ Collection 

Applicability. Contaminated soils, riverbank sediments, and solid waste. 
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General Description. Surface water diversion and collection are an essential part 
of surface water management and may include dams, dikes, berms, channels, waterways, 
terraces, benches, chutes, downpipes, seepage ditches, basins, levees, or floodwalls. 
Diversion/ collection systems are commonly used during site work and can be effective in 
preventing the contact between surface runoff and contaminated material. These 
techniques can be used as either temporary or permanent measures to control surface 
water, to prevent recharge of contaminated zones, and to control erosion. 

Implementability. The surface water diversion and collection techniques listed 
above are well developed and can be easily implemented. 

Effectiveness. Surface water diversion and collection techniques are only 
moderately effective in preventing recharge and erosion control and in stabilizing sloped 
surfaces. Frequent maintenance is required to maintain effectiveness. 

Cost. The construction costs of diversion/ collection systems are low, but frequent 
maintenance to repair the effects of erosion and removal of settled materials would be 
required. The cost of diversion/ collection systems is expected to be moderate in 
comparison with other run-on/runoff control technologies. 

1;6.2 Grading 

Applicability. Contaminated soils, riverbank sediments, and solid waste. 

General Description. Grading modifies site topography to prevent infiltration and 
control erosion (Merritt 1983). This technology is often used in combination with 
surface sealing and revegetation. 

Implementability. Grading is widely used for erosion control, road building and 
repair, and construction site leveling (Merritt 1983). Thus, grading can be easily 
implemented. 

Effectiveness. Graded surfaces aid in reducing potential leachate formation by 
minimizing infiltration and promoting erosion-free drainage of surface run-on/runoff. 
Depressions and slumped or badly eroded slopes must be removed or repaired for 
grading to be effective. Compared to other run-on/runoff techniques, grading is 
considered to have limited effectiveness because it does not divert or collect run
on/runoff, but is only intended to prevent ponding. 

Cost. Frequent maintenance is required on graded surfaces. However, due to the 
ease of implementation and minimal resource requirements, the cost of grading is low 
relative to other techniques. 
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Applicability. Contaminated soils, riverbank sediments, and solid waste. 

General Description. Revegetation provides a cover which reduces erosion and 
helps in developing a stable surface environment Revegetation may be applied for both 
short-term stabilization, including intermediate covers at waste disposal sites, and long
term site reclamation. 

Implementability. Revegetation is commonly used for site reclamation. 
Implementation of a revegetation scheme for run-on/runoff control involves the selection 
of suitable plant species, site preparation, and planting. Some irrigation may be required 
to establish plants. Revegetation with native plants should be easy to implement at the 
Hanford 100 Area 

Effectiveness. Revegetation can effectively stabilize the surface of a disposal site 
and prevent erosion. The selection of suitable native plants including grasses, legumes, 
shrubs, and possibly trees is critical to the effectiveness of revegetation. Revegetation is 
important to the integrity and performance of diversion/ collection systems, sedimentation 
basins, capping, and grading. The effectiveness of native vegetation to control erosion 
and stabilize surface soils is expected to be moderate. 

Cost. The cost of establishing a vegetation cover at the Hanford 100 Area is 
considered low. Once established, such a cover is not expected to require maintenance. 

1.7 REMOVAL 

The following removal techniques are discussed below: 

• excavation 
• demolition. 

1.7.1 Excavation 

Applicability. Contaminated soils, riverbank sediments, and buried solid waste. 

General Description. Excavation refers to the process of removing contaminated 
materials with specially modified construction equipment. Refer to 100 Area Hanford 
Past Practice Site Cleanup and Restoration Conceptual Study (WHC 1991e) for a complete 
description of a conceptual excavation system. 

Implementability. Excavation is a well developed technology commonly used in 
the mining and construction industry (Merritt 1983). Excavation equipment is 
commercially available with optional equipment for unique applications, for example a 
telescopic excavator boom for long-reach (Merritt 1983). Shielding and supplied air 
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would be required for excavation equipment to protect workers. The need for 
equipment modifications and possibly large mobile dust containment structures makes 
excavation a moderately implementable technology for the Hanford 100 Area. 

Effectiveness. Excavation would be a highly effective method for removal of solid 
waste, soils, and riverbank sediments in the Hanford 100 Area. Standard excavation 
equipment such as front end loaders are capable of handling a wide range of materials 
including rock, gravel, and bulk materials, such as solid waste, at relatively high 
capacities (Merritt 1983). Furthermore, excavation equipment modified to provide 
shielding and supplied air will protect workers during operations near radioactive or 
hazardous materials. 

Cost. Excavation equipment and accessories are commercially available. Capital 
costs will depend on equipment modifications such as shielding and supplied air required 
for worker protection. Maintenance and operating costs are a function of fuel 
requirements, operation schedules, and decontamination procedures. Excavation would 
be a relatively low cost approach to removal of soils, riverbank sediments, and solid 
waste. 

1. 7.2 Demolition 

Applicability. Solid Waste (Large Objects) 

General Description. Demolition is a removal process involving on-site size 
reduction of large, oversized objects that cannot otherwise be packaged for removal or 
transported using standard equipment. Demolition equipment applicable to the Hanford 
100 Area include excavator mounted hydraulic hammers, grapples, shears, and concrete 
crackers. The particular demolition tool required would depend on the specific waste 
form. For example, concrete retention basins would require hydraulic hammers and 
concrete crackers for size reduction. 

Implementability. Demolition tools are standard equipment used in commercial 
demolition. These tools are typically boom-mounted attachments for crawler-type 
excavators. Excavators would require modification to provide for operator safety in the 
presence of radioactive materials. This technology option is considered moderately 
implementable due to the need for equipment modification and the need to conduct 
work beneath a mobile containment structure. 

Effectiveness. Demolition tools are highly effective in commercial applications 
and can be equally effective for demolition operations at the Hanford 100 Area. 

Cost. Demolition tools are commercially available and are relatively inexpensive. 
The most significant cost for this removal technique would be excavators and safety 
modifications. Operation and maintenance costs would be moderate. The overall cost 
for demolition is expected to be low. 
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The following on-site disposal methods are discussed below: 

• trenches/pits 
• vaults 
• tumulus 
• RCRA landfills. 

1.8.1 Trenches/Pits 

Applicability. Contaminated soils, riverbank sediments, and solid waste. 

- ---- - --

General Description. Pits or trenches are unlined below grade excavations for 
waste disposal. This disposal approach, equivalent to past practice waste disposal at 
Hanford, is intended to be used in combination with other technologies such as capping 
and waste stabilization to avoid contaminant migration. 

Implementability. Technically, disposal in trenches or pits would be easily 
implementable and has been frequently used in past waste management practices. As 
applied to disposal of hazardous or mixed wastes regulated by RCRA, an exemption to 
the liner requirements would be needed to implement disposal in trenches or pits 
provided that wastes meet the RCRA Land Disposal Restriction treatment requirements 
[ 40 CFR Part 268] or an exemption has been made to allow land disposal . 

Effectiveness. Trench or pit disposal of solid wastes can be moderately effective 
for isolating contaminants from the accessible environment when used in combination 
with other technologies such as the Hanford Barrier or waste treatment. 

Cost. The cost of trench/pit disposal of 100 Area wastes is expected to be low. 
Construction requires standard earth moving equipment. Trenches and pits require 
minimal maintenance and operating resources. 

1.8.2 Vaults 

Applicability. Contaminated soils, riverbank sediments, and solid waste. 

General Description. The greater confinement disposal (GCD) vault is an on-site, 
permanent waste disposal facility. The GCD is constructed of reinforced concrete that 
provides unlimited disposal duration due to extremely conservative design criteria. 
These vaults are designed to accept bulk and/ or containerized waste forms that are dry 
or solidified. No untreated, wet, or raw waste, or free liquids can be accepted for 
disposal in such a vault. 
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The GCD vault is designed as a maximum resistance structure with the ability to 
withstand earthquakes, tomados, explosions, and rainwater intrusion. 

Implementability. Implementability of the GCD vault concept is dependent on 
regulatory acceptance. The permanent disposal of hazardous and radioactive waste 
requires compliance with the performance criteria outlined in several regulations 
including RCRA (mixed waste) and 10 CFR 61 (NRC 1990). The general objective of 
these regulations is to ensure that the facility is designed, operated, maintained, and 
closed such that the risk of human exposure is minimized. The performance objectives 
of 10 CFR 61 are to protect groundwater, protect against inadvertent intrusion, and 
include safety provisions for workers during operation. Therefore, disposal in GCD 
vaults is considered implementable assuming approval by regulatory agencies. The 
discussion concerning land disposal restrictions (see Implementability of Trenches/Pits) 
applies to disposal of mixed wastes in vaults also. 

Effectiveness. The GCD vault concept isolates waste from groundwater and 
prevents human contact. The conservative design criteria provides a high level of 
isolation confidence. On-site disposal in GCD vaults is expected to be highly effective 
for disposal of Hanford 100 Area waste. 

Cost. Construction costs of GCD vaults would be high relative to other disposal 
techniques due to conservative design safety features. 

g; 1.8.3 Tumulus 

Applicability. Contaminated soils, riverbank sediments, and solid waste. 

General Description. A tumulus is an above-grade structure for either permanent 
or temporary disposal. On-site tumulus disposal refers to mounding over waste that has 
been placed on a stable structural pad. A tumulus may be designed to accept solidified, 
bulk, or containerized waste forms for disposal. 

The structural pad may consist of multiple layers of concrete, geotextile material, 
clay, drainage layers of sand, or coarse gravel. The structural pad is also equipped with 
a leachate collection/ detection system. A tumulus would be closed with a RCRA multi
media cap (described previously) and high berms around the perimeter. 

Implementability. Similar to the GCD vault, the implementability of the tumulus 
disposal concept is dependent on regulatory acceptance under the objectives and criteria 
defined in 10 CFR 61 (NRC 1990). Assuming approval by regulatory agencies, disposal 
within tumulus facilities is considered to be moderately implementable at the Hanford 
100 Area. The discussion concerning land disposal restrictions (see Implementability of 
Trenches/Pits) applies to disposal of mixed and hazardous wastes in a tumulus also. 

Effectiveness. The tumulus disposal concept offers isolation from groundwater, 
human contact, and the surface environment. In addition, the concept provides for 
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shielding from radiation emissions and allows waste retrieval in the event that improved 
disposal techniques become available in the future. On the other hand, the tumulus 
disposal concept requires maintenance and monitoring throughout the lifetime of the 
facility. Long-term isolation cannot be ensured within tumulus facilities. Therefore, on
site disposal in tumulus facilities would have limited effectiveness for isolating 
radioactive wastes. 

Cost. Construction costs for tumulus facilities are expected to be low. The 
potential for frequent maintenance is high. Overall, the total cost of tumulus disposal is 
judged to be low in comparison to other on site disposal techniques. 

1.8.4 RCRA Landfills 

Applicability. Hazardous or radioactive contaminated soils, riverbank sediments, 
and solid waste. 

General Description. A RCRA landfill is an EPA permitted disposal facility for 
RCRA-regulated hazardous and mixed wastes. The design and operation of such a 
landfill is defined in 40 CFR 264 (EPA 1990a). In general, a RCRA landfill must be 
designed to prevent migration of hazardous constituents out of the landfill to adjacent 
soils, groundwater, or surface water at any time during the operation and closure period 
of the facility. Facility design considerations include a suitable geologic location, liner 
system, and a leachate collection and removal system. 

Implementability. Landfill disposal of nonradioactive hazardous waste is a well 
developed technology and commonly practiced in the commercial hazardous waste 
disposal industry. Landfill disposal sites for nonradioactive hazardous waste are located 
throughout the U.S. A significant permitting effort may be required for EPA approval of 
an on-site RCRA landfill. In addition, waste must meet the RCRA land disposal 
restriction treatment requirements ( 40 CFR Part 268) or an exemption must be received 
before disposal can occur. In general, implementation of on-site RCRA landfill disposal 
is considered moderately implementable. 

Effectiveness. On-site disposal of 100 Area nonradioactive hazardous waste in 
RCRA landfills is judged to be moderately effective in preventing migration of hazardous 
constituents to the accessible environment. This method of disposal is generally accepted 
by the EPA and is commonly used in industry. 

Cost. The cost of implementing RCRA landfills for on-site disposal of 100 Area 
nonradioactive hazardous waste is considered moderate relative to other on-site disposal 
options. Design, construction, operation, and maintenance of an on-site RCRA disposal 
facility may be based on existing commercial facilities. Specialized designs, equipment, 
and operating requirements are not required. However, postclosure monitoring and 
leachate collection will be required and will add to the cost of this disposal option. 
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The following off-site disposal methods are discussed below: 

• RCRA landfills 
• DOE disposal facilities 
• geologic repositories. 

1.9.1 RCRA Landfills 

Applicability. Nonradioactive contaminated soils, riverbank sediments, and solid 
waste. 

General Description. Hazardous waste landfills are commercially operated off
site facilities for disposal of hazardous wastes. At the present time, no RCRA landfills 
are available in the State of Washington. One RCRA landfill located in Arlington, 
Oregon, has been used for Hanford Site waste disposal. 

Implementability. Hazardous waste landfills are permitted to accept specific 
wastes. Land disposal restrictions (EPA 1990b) limit the type and form of wastes that 
can be disposed in landfills. Disposal in hazardous waste landfills is applicable to 
hazardous and mixed wastes. Off-site disposal of hazardous waste from the 100 Area is 
easily implementable at existing hazardous waste landfill facilities. 

Effectiveness. Landfills are considered a highly effective method of disposal for 
nonradioactive hazardous waste forms because the design, operation, maintenance, and 
closure specifications of such facilities are required to comply with EPA regulations. 

~ Cost. Disposal costs at off-site RCRA landfills are low for small volumes of 
hazardous waste in comparison to construction, operation, and maintenance of on-site 
disposal facilities. 

1.9.2 DOE Disposal Facilities 

Applicability. Radioactively contaminated soils, riverbank sediments, and solid 
waste. 

General Description. Low-level waste (LL W) disposal facilities either exist or are 
planned at six DOE sites (DOE 1991a). These facilities potentially could also be used 
for disposal of Hanford 100 Area LLW. These sites include facilities at: Los Alamos 
National Laboratory, Savannah River Site, Idaho National Engineering Laboratory, Oak 
Ridge National Laboratory, Nevada Test Site, and the Hanford Site. These six sites 
would collectively provide LL W disposal capacity for approximately 68,000 m3 /yr, which 
is far less than the potential disposal needs of approximately 200,000 m3 /yr for solid 
waste assuming macroengineering study volume estimates and 20-year disposal phase. 
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Implementability. Off-site disposal for Hanford 100 Area wastes is considered 
implementable for limited volumes of waste. These facilities exist and accept LL W from 
other DOE generators. However, host state governments and local residents are 
becoming increasingly opposed to receiving off-site LLW for disposal (DOE 1991a). 
This opposition would make off-site disposal of Hanford 100 Area wastes at other DOE 
facilities difficult to implement. 

Effectiveness. Off-site disposal of Hanford 100 Area wastes at other DOE sites is 
considered to be moderately effective. 

Cost. The cost of disposal at DOE facilities is considered to be high relative to 
other disposal options. Some disposal facilities exist and others are planned, but 
maintenance, monitoring, and closure of disposal facilities would increase costs. 

1.9.3 Geologic Repositories 

Applicability. Radioactively contaminated soils, riverbank sediments, and solid 
waste. 

General Description. Two geologic repositories are currently under development 
by DOE. Yucca Mountain, Nevada, is the proposed site for disposal of defense high
level waste (HLW) and is in the conceptual stage of development. The Waste Isolation 
Pilot Plant (WIPP), near Carlsbad, New Mexico, is the proposed disposal site for defense 
transuranic (TRU) waste. Portions of the WIPP have been constructed and the project 
is awaiting congressional land withdrawal to begin a 5-year test phase prior to initiating 
operations. 

Implementability. Implementability of off-site geologic disposal of 100 Area 
waste is dependent on the availability of facilities similar to the WIPP facility. WIPP 
would likely be in its operational phase by the time the 100 Area waste is ready for 
disposal. However, WIPP's mission only applies to TRU waste generated between 1970 
and 2013. Yucca Mountain is many years away from operation and is not expected to be 
available in time for disposal of Hanford 100 Area waste. Therefore, geologic disposal is 
considered to be non-implementable. 

Effectiveness. The objective of geologic disposal is to isolate waste within a stable 
geologic formation. Geologic disposal is judged to be a highly effective method of 
containment and isolation of radioactive wastes from groundwater, the surface 
environment, and human contact. 

Cost. In comparison to other disposal options, the costs for the development and 
implementation of a geologic repository are extremely high based on costs associated 
with the WIPP and Yucca Mountain Projects. 
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1.10 IN SITU STABILIZATION/SOLIDIFICATION 

The following in situ stabilization/solidification techniques are discussed below. 

• grout injection 
• vibration-aided grout injection 
• vitrification 
• dynamic compaction. 

1.10.1 Grout Injection 

Applicability. Contaminated soils, riverbank sediments, and buried solid waste. 

General Description. Grout injection is an in situ stabilization/solidification 
technique involving the injection of a cement grout into a contaminated zone. Hollow
stem augers are used to inject and blend grout with contaminated materials. The end 
product of this process is a monolithic block of contaminated material encapsulated in 
grout. 

Implementability. Grout injection is a developed technology. This technique has 
been used for over 18 years in applications such as cutoff walls and soil stabilization 
(EPA 1989a). The augers used for grout injection are usually mounted on crawler-type 
drill rigs which make the system easily implementable in virtually any terrain. 

Effectiveness. The technology is applicable to soils and buried wastes 
contaminated with heavy metals, semi-volatile organic compounds, and radionuclides . 
Typically a single system can mix 90 to 140 cubic yards of soil per 8-hour shift (EPA 
1989a). This rate is achievable to depths up to 100 feet (EPA 1989a). However, the 
characteristics of the Hanford Formation would inhibit successful implementation of this 
technique and may produce a solidified/ stabilized block that is not monolithic. 
Furthermore, grout coverage may not be as uniform as necessary to ensure containment. 
Thus, grout injection is considered to have limited effectiveness. 

Cost. Based on the availability of materials and standard equipment, the cost to 
implement this technology would be moderate in comparison with other in situ 
stabilization/ solidification technologies. 

1.10.2 Vibration-Aided Grout Injection 

Applicability. Contaminated soils, riverbank sediments, and buried solid waste. 

General Description. This technology is similar to grout injection with added 
vibration to enhance the effectiveness of the treatment to fill void space. The vibratory 
energy is transmitted through a vertical array of I-beams driven into the contaminated 
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zone. A vibrating hammer-extractor system transmits vibratory energy to the array of!
beams. The vibration aids the penetration of grout into the soil or buried waste. 

Implementability. Vibration-aided grout injection is an innovative technology. 
However, the technology would be moderately implementable due to difficulties involved 
with driving I-beams into the rocky soils of the Hanford 100 Area. 

Effectiveness. The presence of vibration during grout injection provides increased 
control of grout placement and thus increased effectiveness over grout injection without 
vibration. This process should increase the ability to stabilize/solidify contaminated zones 
into uniform monolithic blocks. Thus, vibration-aided grout injection is considered to be 
moderately effective for stabilization/solidification of Hanford 100 Area contaminated 
sites. 

Cost. The costs associated with vibration-aided grout injection are partially 
dependent upon the type of grout selected. The cost to implement this technology is 
expected to be high in comparison to other in situ stabilization/solidification 
technologies. For example, in comparison to grout injection alone, pile driving I-beams 
combined with vibration operations would result in increased costs. 

1.10.3 Vitrification 

Applicability. Contaminated soils, riverbank sediments, and buried solid waste. 

General Description. In situ vitrification is an innovative process of melting 
wastes and soils in place to encapsulate inorganic contaminants into a glassy solid matrix. 
The glass is resistant to leaching and potentially more durable than other stabilization 
materials. Vitrification is accomplished by joule-heating to melt contaminated material. 
Melt temperatures, in the range of 1600 to 2000° C, are high enough to pyrolyze organic 
pollutants. Although the process was initially developed to provide enhanced isolation 
for buried radioactive wastes, destruction or removal by volatilization of organic 
hazardous wastes may also be accomplished. This technology is commercially available 
for hazardous chemical wastes and has been full-scale tested at actual mixed waste and 
radioactive waste sites at Hanford. 

The in situ vitrification process requires insertion of electrodes into the 
contaminated soil. A conductive mixture of flaked graphite and glass frit is placed on 
the surface between the electrodes to provide a conductive starter path for electrical 
energy. Heat is generated from the resistance to electrical current passing between 
electrodes thereby creating a melt pool. The starter path material is eventually 
consumed by oxidation, and the current is transferred directly to the molten soil which is 
electrically conductive. As the melt grows downward and outward, nonvolatile elements 
are incorporated and organic components are pyrolyzed. The pyrolyzed byproducts 
migrate to the surface of the vitrified zone where oxidation may occur. Convective 
currents within the melt uniformly mix materials that are present in the soil. The molten 
pool cools and solidifies upon the termination of power input. A hood placed over the 

C-33 



DOE\RL-92-11 
Draft B 

processing area provides confinement for the combustion gases, drawing the gases into 
an off-gas treatment system. 

Implementability. In situ vitrification has been demonstrated on hazardous and 
radioactive contaminated sites. Specific site characteristics must be considered in 
determining the implementability of vitrification. The presence of groundwater severely 
limits the practicality of in situ vitrification. High concentrations of flammable liquids or 
solids have produced excessive amounts of gases that have overcome the capacity of the 
off-gas treatment system in tests. In situ vitrification is considered implementable for 
homogeneously contaminated materials such as soils and riverbank sediments. However, 
the process is not considered to be presently implementable for sealed containers that 
may be present in solid waste burial sites. 

Effectiveness. In situ vitrification is an innovative process potentially applicable to 
Hanford soils and solid wastes. The radionuclides and heavy metals would be 
encapsulated in a glass matrix that has extremely high resistance to leaching and also has 
good mechanical integrity. The vitrified product should be stable for long periods of 
time. Vitrification of radioactive soils has been tested in a demonstration project at a 
crib in the 100-B area (report in preparation). However, additional development is 
required to determine whether off-gas problems can be resolved and adequate depth of 
melt can be achieved for the process to be effective at the Hanford 100 Area. In situ 
vitrification is considered to be highly effective for immobilizing contaminants in 
homogeneous waste materials such as soils. 

Cost. The major factors affecting costs for in situ vitrification of Hanford 100 
Area soils, riverbank sediments, and solid waste are the moisture content and resistivity 
of the material. Energy costs would the highest and most variable cost item for in situ 
vitrification. The cost of vitrification is expected to be very high in comparison with 
other in situ stabilization/ solidification technologies. 

1.10.4 Dynamic Compaction 

Applicability. Contaminated soils, riverbank sediments, and buried ·solid waste. 

General Description. Dynamic compaction is an in situ stabilization technique for 
consolidating contaminated soils, riverbank sediments, and solid waste burial sites. The 
process involves dropping a weight from a predetermined height on the area to be 
compacted. The impact of the weight causes shock waves within the underlying media 
thereby consolidating soil particles (Schexnayder and Lukas 1992). The equipment 
required to perform dynamic compaction consists primarily of a steel or concrete weight 
suspended from a crane. The weight, ranging from 10 to 40 tons, would be dropped 
from heights up to 100 feet (WHC 1991e). 

Implementability. Dynamic compaction is a developed technology with extensive 
use in the construction industry (Schexnayder and Lukas 1992). Equipment required to 
perform dynamic compaction is commercially available and mobile. Crawler mounted 
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cranes should be capable of accessing all areas within the Hanford 100 Area. Dynamic 
compaction is therefore considered an easily implementable technology. 

Effectiveness. In the construction of dam foundations, dynamic compaction has 
achieved consolidation depths of 30 feet or more in clay and silty soils (WHC 1991e). 
Although Hanford soils are porous and should be amenable to dynamic compaction, the 
technique has not been demonstrated on solid waste burial sites or soils within the 100 
Area. Therefore, dynamic compaction is considered to have limited effectiveness. 

Cost. Commercially available dynamic compaction equipment would have low 
capital costs. The process is neither labor nor maintenance intensive. In addition, the 
separation between operators and contaminated materials eliminates the need for high
cost safety equipment. Dynamic compaction is considered a low cost in situ 
stabilization/ solidification technology. 

1.11 THERMAL TREATMENT 

The following thermal treatment methods are discussed below: 

• 
• 
• 
• 
• 

thermal desorption 
incineration 
pyrolysis 
metal melting 
molten solids processing . 

1.11.1 Thermal Desorption 

CY':! 
O"':!' Applicability. Organic contamination destruction in soils, riverbank sediments, 

and solid waste. 

General Description. Thermal desorption is a relatively low temperature thermal 
treatment for separating water ~d organic contaminants from soils and solid waste. 
Organic constituents removed by thermal desorption are generally incinerated in a 
second stage combustion chamber ( condensation and separation is also an option). The 
process has little effect on inorganic contaminants (EPA 1989a). The basic components 
of a thermal desorber are the dryer furnace, second stage incinerator, and off-gas 
collection/ treatment system. 

Implementability. The process is applicable to remediation of organic 
contamination only. Soils or solid wastes having moisture content above 60 percent may 
require dewatering prior to thermal desorption (RAAS 1991). The capacity of existing 
thermal desorption systems ranges from 3 to 50 tons/hour of soil type media (RAAS 
1991). The technology is considered moderately implementable at Hanford 100 Area 
sites containing organic contamination. 
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Effectiveness. Pilot tests have shown the extraction efficiency of thermal 
desorption to be over 90 percent for polychlorinated biphenyls (PCBs) and 99 percent 
for phenols (RAAS 1991). However, full-scale remediation with this technology has not 
been demonstrated (RAAS 1991). The efficiency of thermal desorption is inversely 
affected by the moisture content of the feed waste stream. Treatability tests would be 
required to ensure the effectiveness of this process on Hanford soils and solid wastes. 
Due to the low moisture and organic content of Hanford soils and solid waste, thermal 
desorption has the potential to be highly effective for organic contaminant removal and 
destruction. 

Costs. Thermal treatment technologies are generally high-cost options. However, 
the low temperatures involved with thermal desorption reduce the off-gas 
collection/treatment requirements as well as the fuel requirements of the system. Thus, 
the cost of a thermal desorption process with a secondary combustion chamber is 
expected to be moderate in comparison to other thermal treatment technologies. 

1.11.2 Incineration 

Applicability. Organic contamination destruction and volume reduction of 
combustible materials in solid waste, soils, and riverbank sediments. 

General Description. Incineration is an ex situ, high-temperature-oxidation 
process in which organic materials are oxidized to carbon dioxide, water, and oxides of 
other elements in the waste. Examples of incineration technologies applied to 
radioactive waste include multiple hearth, rotary kiln, fluidized bed, and controlled air 
incinerators. Incineration systems may be designed for waste forms such as liquids, 
solids, sludges, soils, and containerized wastes. The advantages of incineration include 
maximum volume reduction, destruction of organics, and residuals that may be stabilized 
for disposal (RAAS 1991). The components of an incineration system include the feed 
system, primary and secondary combustion chambers, ash removal system, and an off-gas 
treatment system. 

Implementability. Incineration is a well developed technology. Incineration 
systems are commercially available and can be either mobile or permanent installations. 
The process is applicable to the treatment of organic contaminants only. Stationary 
incinerators have been designed for up to 21,000 pounds/hour and transportable 
incinerators up to 20,000 pounds/hour. Although a significant permitting effort would be 
required for implementation of an incineration system, the technology is considered 
moderately implementable at the Hanford 100 Area. 

Effectiveness. Incineration is a highly effective method for treating organic 
contamination. Destructive and removal efficiencies greater than 99.9999 percent have 
been achieved (RAAS 1991). As is the case with all thermal treatment technologies, the 
melting point of inert components in the waste can present potential problems. For 
example, certain compounds containing phosphorus make high viscosity ash. Similarly, 
lead may vaporize and then re-solidify in the off-gas treatment system. Therefore, 
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characterization of the feed material is essential for design. Reliable and 
environmentally safe systems are possible with proper design. 

Cost. Thermal treatment technologies are typically high cost options. 
Incineration systems generally have high permitting costs with moderate operating costs 
in comparison to other thermal treatments. Maintenance costs are high due to the 
complexity of the system. The overall cost of incineration is expected to be high in 
comparison to other thermal treatment technologies. 

1.11.3 Pyrolysis 

Applicability. Organic contamination destruction and volume reduction of 
combustible materials in solid waste, soils, and riverbank sediments. 

General Description. Pyrolysis is an ex situ, high temperature thermal treatment 
process in which organic compounds are thermally decomposed in the absence of 
sufficient oxygen for complete oxidation. Off-gases resulting from pyrolysis are usually 
oxidized with excess air in a secondary combustion chamber. Pyrolysis technologies in 
use today include conventional pyrolytic reactors, rotary hearth pyrolyzers, and starved
air combustion (RAAS 1991). Pyrolysis technology is flexible and may be applied to 
liquids, solids, sludges, and soils. Pyrolysis benefits are similar to incineration and 
include maximum volume reduction, destruction of organics, and residuals that may be 
stabilized for disposal (RAAS 1991). 

Implementability. Pyrolysis is a well-developed technology and is commercially 
available (RAAS 1991). The process is applicable only to the treatment of organic 
contaminants. A significant permitting effort would be required (RAAS 1991), but the 
technology is considered moderately implementable at the Hanford 100 Area. 

Effectiveness. Pyrolysis is a highly effective method for treating liquid and solid 
wastes contaminated with hazardous organic constituents. The process requires careful 
control of combustion air and feed material to ensure starved-air combustion. 
Heterogeneous waste forms at the Hanford 100 Area could present process control 
difficulties. As is the case with all thermal treatment options, the melting point of inert 
constituents in the waste is a concern (refer to the section on incineration for further 
discussion). 

Cost. Thermal treatment technologies are generally more expensive than other 
treatment technologies due to the complexity of the systems and energy and maintenance 
requirements. Pyrolysis technology requires an extensive off-gas treatment system. Thus, 
the overall cost of pyrolysis is expected to be high. 

1.11.4 Metal Melting 

Applicability. Decontamination of metal waste. 
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General Description. Metal melting is an ex situ treatment for decontaminating 
metal waste. Melting under an oxidizing slag has been shown to effectively remove 
transuranic contamination from metal wastes (Heshmatpour and Copeland 1981). With 
this treatment, metals are decontaminated and the radionuclides are partitioned into a 
much smaller volume of slag. The resulting waste form, or solidified slag, is a stable 
glass monolith. 

Implementability. Metal melting as a decontamination process is an innovative 
technology. The process has been demonstrated on a laboratory scale. Additional 
development and testing would be required to demonstrate implementability of the 
process in treating the contaminated metal wastes at the Hanford 100 Area. At the 
present stage of development, the implementability of decontamination by metal melting 
is considered difficult because this process requires segregated waste streams of different 
types of metal. Such segregation efforts are expected to be difficult to implement, are 
manpower intensive, and could potentially conflict with AIARA principles. 

Effectiveness. The metal melting decontamination process has been shown to 
effectively remove transuranic contamination from many metals (Heshmatpour and 
Copeland 1981). However, the effectiveness of this technique for removing other 
contaminants is uncertain. Additional testing would be required to demonstrate the 
effectiveness of the partitioning process in removing fission and activation products that 
are present in wastes at the Hanford 100 Area. Due to the variations in melting 
temperatures of dissimilar metals, the process requires a highly segregated feed stream. 

,...._ Therefore, the effectiveness of melting Hanford 100 Area metals is judged to be 
28 uncertain. 

Cost. The cost of implementing a metal melting decontamination process is 
unknown due to the experimental status of the technology. However, thermal treatment 
technologies are generally expensive, as discussed in the incineration and pyrolysis 
descriptions. Additional costs are incurred by the requirement for a segregated feed 
stream. The overall cost of metal melting decontamination is estimated to be high in 
comparison to other thermal treatment technologies. 

1.11.4 Molten Solids Processing 

Applicability. Destruction of organic contaminants and immobilization of solid 
waste, soils, and riverbank sediments. 

General Description. Molten solids processes are ex situ, thermal treatment 
technologies designed to destroy organic contaminants and immobilize any remaining 
constituents. Examples of this technology include molten glass processes (vitrification), 
slagging incineration (pyrolysis), molten salt incineration, and plasma incineration 
(RAAS 1991). 

Implementability. Molten solids processes are in the development and 
demonstration phase. Additional work is required to demonstrate full-scale capabilities 
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for these processes. At the current stage of development, molten solids processes are 
judged to be difficult to implement at the Hanford 100 Area. 

Effectiveness. Thermal treatments are generally highly effective for the 
destruction of organic contaminants, and molten solids processing provide the additional 
feature of immobilizing any remaining hazardous constituents in a vitrified matrix. 
However, technical constraints can limit the effectiveness of these processes for treating 
100 Area solid wastes, soils, and riverbank sediments. Molten salt incineration requires 
low moisture and ash content feed waste, as well as preshredding of solids. Plasma 
incineration is generally limited to treatment of liquids (RAAS 1991). Slagging 
incineration process rates are slow (RAAS 1991). Molten solids processes may not 
entrain certain contaminants due to volatilization. Therefore, the technologies are 
considered to be only moderately effective for Hanford 100 Area wastes. 

Cost. The cost of molten solids processing is judged to be very high in 
comparison with other thermal treatment technologies. Molten solids processing 
requires excessive energy for melting. 

1.12 STABILIZATION/SOLIDIFICATION 

The following stabilization/solidification techniques are discussed below: 

• 
• 
• 
• 

bitumen-based 
cement-based 
polymer-based 
vitrification . 

O""J' 1.12.1 Bitumen-Based 

Applicability. Elimination of free liquids, immobilization of organic and inorganic 
contaminants in solid waste, soils, and riverbank sediments. 

General Description. Bitumen-based stabilization/solidification is an ex situ 
treatment process of mixing waste materials with a bitumen ( or asphalt) binder to 
immobilize contaminants, eliminate free liquids, and produce a solid monolithic waste 
form for disposal. Initially waste and bitumen are mixed together; any water present is 
evaporated by contact with hot liquid bitumen (DOE 1988). The mixing process coats 
the remaining waste materials with bitumen. The mixture is then allowed to cool and 
harden, thereby immobilizing the contaminants within the bitumen matrix. 
Stabilization/solidification processes for mixing waste with bitumen can be in-line or in
container as well as stationary or mobile (Moghissi et al., 1986). 

Bitumen-based solidification is generally applicable to treatment of liquid wastes, 
such as evaporator concentrates, decontamination liquids, and contaminated oils; wet 
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waste, such as spent resins and sludges; and dry solid wastes, such as shredded trash, 
soils and riverbank sediments, incinerator ash, dryer residues, and other dried materials. 

Implementability. Bitumen-based stabilization/solidification is a well developed 
technology and is used in the U.S. and European commercial nuclear power industries 
(DOE 1988). Bitumen has been accepted as a radioactive waste solidification agent at 
the three operating commercial radioactive waste burial sites in the U.S. (Moghissi et al., 
1986). Bitumen-based stabilization/solidification is considered to be moderately 
implementable for treatment of Hanford 100 Area wastes. 

Effectiveness. Bitumen-based stabilization/solidification techniques have been 
effectively used for treatment of low-level radioactive wastes from the commercial 
nuclear power industry (DOE 1988). However, the combustibility of asphalt must be 

· considered during handling, storage, and disposal. In addition, concentrations of certain 
salts in excess of 40 weight percent may increase leaching rates of contaminants from 
bitumenized waste forms (Moghissi et al., 1986). Treatability tests to determine the 
sensitivity of the bitumen stabilization/solidification process to multiple contaminants 
and certain chemicals would be required. Thus, bitumen-based stabilization/ 
solidification is judged to be moderately effective for immobilizing contaminants in 
Hanford 100 Area solid wastes. The technique is judged not effective for 
stabilization/ solidification of soils due to a large increase in waste volume. 

Cost. Bitumen is a reasonably inexpensive binding agent and is readily available 
(Moghissi et al., 1986). The equipment required for bitumen-based stabilization/ 
solidification is commercially available (DOE 1988). Energy consumption of the 
processes may be significant because bitumen must be maintained at a temperature of 
150°C to maintain fluid properties. Bitumenization processes are moderately labor and 
maintenance intensive. The overall cost of bitumen-based stabilization/solidification is 
expected to be low in comparison with other stabilization/solidification technologies. 

1.12.2 Cement-Based 

Applicability. Elimination of free liquids, immobilization of organic and inorganic 
contaminants in solid waste, soils, and riverbank sediments. 

General Description. Cement-based stabilization/solidification is an ex situ 
treatment process of mixing waste materials with cement to immobilize contaminants, 
eliminate free liquids, and produce a solid monolithic waste form for disposal. Many 
formulations of cement, admixtures, such as plasticizers and hardeners, and waste have 
been developed for stabilization/solidification of radioactive wastes. Inorganic 
contaminants such as heavy metals and radionuclides are readily amenable to cement
based stabilization/solidification (Freeman 1989). Organic wastes containing solvents, 
grease, or oils interfere with hydration reactions, which in turn inhibit cement-based 
stabilization/solidification (Freeman 1989). Proprietary bonding agents that increase the 
effectiveness of treating organic contaminants have been developed to eliminate this 
problem (EPA 1989a). 
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Implementability. Cement-based stabilization/solidification is a developed 
technology and is commonly used for a variety of radioactive wastes. Cement-based 
treatment may be considered standard for the stabilization/solidification of many 
radioactive wastes (Freeman 1989). Proprietary bonding agents are currently being 
developed and demonstrated by commercial operations (EPA 1989a). Cement-based 
stabilization/solidification is considered to be easily implementable at the Hanford 100 
Area for soils and waste byproducts. 

Effectiveness. Cement-based stabilization/solidification techniques have been 
effectively used for treatment of radioactive and hazardous wastes. However, the 
sensitivity of the cementation process to multiple contaminants and certain chemicals 
would require treatability tests to ensure effectiveness and to select appropriate bonding 
agents and mix ratios. Therefore, cement-based stabilization/solidification is considered 
to be moderately effective for treating 100 Area solid wastes. The method is considered 
not effective for stabilization/ solidification of soils due to a large increase in waste 
volume. 

Cost. Stabilization/solidification equipment is commercially available. Portland 
cement is readily available and relatively inexpensive (Roggenthen 1989). Additives, if 
required, may be expensive. Cementation processes are neither labor nor maintenance 
intensive (Roggenthen 1989). Thus, the overall cost of cement-based 
stabilization/solidification is expected to be low in comparison with other 
stabilization/ solidification technologies. 

1.12.3 Polymer-Based 

Applicability. Elimination of free liquids, immobilization of organic and inorganic 
contaminants in solid waste, soils, and riverbank sediments. 

General Description. Polymer-based stabilization/solidification is an ex situ 
treatment process of encapsulating waste materials with polymeric materials such as 
polyethylene, polybutadiene, or other thermosetting resins. 

Implementability. Polymer-based stabilization/solidification is a developed 
technology and is commercially available for hazardous and radioactive applications 
(DOE 1988). Polymer encapsulation processes using polybutadiene and polyethylene 
have been developed and demonstrated for low-level radioactive waste (Freeman 1989). 
However, macroencapsulation has not generally been used for stabilization/solidification 
of waste materials. Polymer-based stabilization/ solidification is considered moderately 
implementable for Hanford 100 Area solid waste due to the stage of development and 
availability of processes. 

Effectiveness. Polymer-based stabilization/solidification is generally effective for 
treating most inorganic waste streams. Organic materials in the waste may retard 
polymerization (Freeman 1989). The process offers increased waste loading ratios and 
improved contaminant containment over other stabilization/solidification processes 
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(Freeman 1989). Treatability tests to determine the effects of organic constituents in the 
Hanford soils on the polymerization would be required. In the absence of 
polymerization retarding organic constituents, polymer-based stabilization/solidification is 
considered moderately effective for treating Hanford 100 Area solid wastes. The method 
is considered not effective for stabilization/ solidification of soils due to a large increase 
in waste volume. 

Cost. Polymer processing requires complex metering and mixing equipment. The 
capital cost of such equipment is high. The raw materials required for polymer 
stabilization/solidification are also expensive. Furthermore, maintenance costs would be 
high. Thus, the overall cost of polymer-based solidification/stabilization is expected to 
be high in comparison with other stabilization/solidification technologies. 

1.12.4 Vitrification 

Applicability. Destruction of organic contaminants and immobilization of solid 
waste, soils, and riverbank sediments. 

General Description. Vitrification is an ex situ stabilization/solidification 
treatment process of melting waste materials in a glass matrix. The high temperature 
molten glass (1000 to 2000°C) volatilizes or destroys the organic constituents as well as 
the nitrate components in the waste. The inorganic contaminants, such as heavy metals 
and radionuclides, are immobilized in a stable glalis form that has mechanical and 
chemical properties similar to granite. Vitrification is a variation of molten solids 
processmg. 

Implementability. Vitrification is an innovative process that has been 
demonstrated on a pilot scale. The vitrification process is applicable to solid waste and 
soils (Freeman 1989). Vitrification technology has been selected for treatment of high
level nuclear waste at the Hanford Waste Vitrification Plant (HWVP), the Defense 
Waste Processing Facility (DWPF) at Savannah River, and the West Valley 
Demonstration Project (WVDP) (Gurley et al., 1988). A significant development effort 
would be required before implementation of a vitrification system on the range of wastes 
at the 100 Area. Vitrification is considered difficult to implement. 

Effectiveness. Vitrification is a highly effective treatment option for removal and 
destruction of organic and nitrate contaminants and stabilization/solidification of 
inorganic contaminants found in soils. Vitrification is considered moderately effective 
for solid waste at the Hanford 100 Area. The resulting waste form is very stable and 
non-leachable (Roggenthen 1989). 

Cost. Vitrification systems are complex and have not been demonstrated on a 
large scale. The system would require large amounts of electrical energy to maintain 
melt temperatures. The operating and maintenance requirements would be extensive. 
Hence, the cost of vitrification is expected to be very high in comparison with other 
stabilization/ solidification technologies and with other thermal treatment technologies. 
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The following methods of physical treatment are discussed below: 

• size reduction 
• segregation/ sorting 
• repackaging 
• metal decontamination. 

1.13.1 Size Reduction 

. Applicability. Solid waste. 

General Description. Size reduction refers to ex situ physical treatment processes 
used to reduce volume, to make large objects amenable to handling, and as a 
preparatory step for treatment processes. Size reduction processes include shredding, 
cutting, and compacting. 

Implementability. Size reduction processes are well developed and are used in 
nuclear power plants (EPRI 1988) for volume reduction of low-level dry-active wastes 
(DAW). Mobile or stationary shredding and compaction systems are available (EPRI, 
1988; Kennerly et al., 1988). Size reduction of solid waste at the 100 Area is considered 
an easily implementable treatment option, although some segregation may be required. 

Effectiveness. Size reduction does not affect the toxicity, mobility, or hazards of 
contaminants. The presence of free liquids complicates size reduction systems and thick 
metal would be difficult to process. Overall, due to the need for additional processing, 
size reduction is judged to have limited effectiveness as a treatment process. 

Cost. Size reduction equipment is commercially available from many commercial 
vendors (EPRI 1988). Size reduction is typically a maintenance intensive process. The 
overall cost of size reduction technologies is expected to be low. 

1.13.2 Segregation/Sorting 

Applicability. Solid waste. 

General Description. Segregation and sorting is an ex situ process of separating 
solid waste materials by physical or chemical attributes to facilitate additional treatment. 
Implementation of a metal melting process, for example, would require that metallic 

waste be segregated/sorted into categories such as steels, lead, and aluminum, prior to 
melting (see Section 1.11.4 ). Sorting can be done manually, automatically, or by some 
combination of these depending on waste characteristics. Manual sorting might simply 
consist of an operator sorting waste with a robotic manipulator in a hot cell or by hand 
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in a glove box. Air classification or magnetic separation are examples of automated 
sorting operations. 

Implementability. The implementability of segregation/sorting processes for 
radioactive wastes would depend on site-specific parameters. Segregating and sorting 
retrieved buried waste would be very difficult to implement at the Hanford 100 Area. 
The age and condition of the waste may not be amenable to segregation and sorting and 
implementability would depend on the degree of sorting required for subsequent 
processes. Manual sorting is labor intensive and not considered consistent with AI.ARA 
principles. 

Effectiveness. Sorting is only effective when used in conjunction with other waste 
treatment processes. The effectiveness of a segregation/sorting process at the Hanford 
100 Area would be dependent on the degree of sorting required. A coarse 
segregation/sorting process that separates large items of waste during the excavation 
process would be very effective. However, more specific sorting processes, such as 
segregation by metal type, may not be practical. In general, segregation and sorting of 
solid waste materials is considered to have limited effectiveness and would be highly 
dependent on the type of sorting required for other operations. 

Cost. Segregation and sorting processes for Hanford 100 Area solid waste are 
potentially complex. Manual processes would be labor intensive, whereas automated 
processes would be maintenance intensive. Therefore, segregation and sorting are 
expected to be very high cost processes in comparison to other physical treatment 
technologies. 

1 Ci 1.13.3 Repackaging 
~ -

Applicability. Solid waste. 

General Description. Repackaging is the process of overpacking or replacing 
damaged or deteriorated waste containers. Overpacking involves placing a damaged or 
deteriorated waste container into a new oversized container. Repackaging is generally a 
manual operation, but lifting equipment may be required to handle heavy or oversized 
waste materials and containers. 

Implementability. Repackaging can be accomplished, but may require size 
reduction or special handling for deteriorated containers. Demolition wastes were 
buried without packaging; reactor components and "soft" wastes were buried in packages 
intended to provide short-term containment (DOE 1991b; DOE 1991c). Repackaging of 
excavated or demolished solid wastes is considered a moderately implementable process 
option. 

Effectiveness. Repackaging waste is only a moderately effective process because 
contaminants could disperse into the environment if the container is not adequately 
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protected and because most containers have a limited lifetime. Repackaging is a 
necessary component of most disposal options. 

Cost. Repackaging costs are primarily a function of labor and container 
requirements. Labor requirements are moderate and maintenance requirements are low. 
The cost for this process option is expected to be moderate in comparison with other 
physical treatment technologies for solid waste. 

1.13.4 Metal Decontamination 

Applicability. Metal wastes. 

General Description. Metal decontamination is an ex situ physical treatment 
process for removing radioactive materials from contaminated metal surfaces such as 
reactor components and process equipment. Examples of metal decontamination 
processes are (Mogbissi et al., 1986): 

• hone and brush abrasion 
• hand wiping/ scrubbing 
• high-pressure water jetting 
• steam cleaning 
• ultrasonic cleaning 
• abrasive blasting 
• electrochemical polishing 
• solvent cleaning 
• chemical cleaning 
• vibratory finishing . 

C,"""'.! The primary objective of metal decontamination is to reduce contamination levels 
to below release limits. By reducing the contamination levels, restrictions that would 
otherwise apply due to the presence of radioactivity would be bypassed (Moghissi et al., 
1986). If contamination levels cannot be reduced to below release limits, the objective 
of metal decontamination becomes the reduction of contamination to a level such that 
the item can be disposed under less stringent requirements. For example, removal of 
TRU contaminants to a level that allows disposal of the metal as a low-level waste. 

Implementability. Several decontamination techniques are available and used 
routinely for surface decontamination of tools and equipment from nuclear facilities 
(Moghissi et al., 1986). The methods are based on the nature and extent of the 
contamination and the characteristics of the material to be treated. Metal 
decontamination is judged to be difficult to implement at the Hanford 100 Area due to 
the types and concentration of radionuclide contamination, condition of buried metal 
waste, and the required segregation. 

Effectiveness. High-pressure water jets and hone and brush abrasion have been 
shown to be effective in decontaminating inner surfaces of piping (Mogbissi et al., 1986). 
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Vibratory finishing, ultrasonic cleaning with acidic solutions, and solvent cleaning are 
also considered to be effective processes of decontamination (Moghissi et al., 1986). 
Other effective techniques include abrasive blasting and electro-polishing, but these 
produce large quantities of secondary wastes (Moghissi et al., 1986). The effectiveness of 
metal decontamination in treating Hanford 100 Area metal waste is dependent on the 
level of contamination and physical condition of the waste. Treatability tests would be 
required to determine the effectiveness of metal decontamination. The effectiveness of 
metal decontamination is judged to be high provided that little or no oxidation has 
occurred. 

Cost. The capital cost of such decontamination equipment is expected to be high. 
-The processes may or may not be labor intensive depending on the specific procedure. 
Waste from pretreatment, maintenance requirements and generation, collection, and 
treatment of secondary waste forms are additional cost considerations. The overall cost 
of metal decontamination is expected to be high in comparison to other physical 
treatments for solid waste. 

1.14 CHEMICAL TREATMENT 

The following methods of chemical treatment are discussed below: 

• 
• 
• 

chemical oxidation 
acid digestion 
hydrolysis . 

c:1 1.14.1 Chemical Oxidation 
(""!"':l 

~ Applicability. Organic contamination in groundwater, soils, riverbank sediments, 
and solid wastes. 

General Description. Chemical oxidation is an ex situ chemical treatment for 
destroying organic contaminants. Commonly used oxidizing agents include ozone, 
chlorine, potassium permanganate, and hydrogen peroxide. Chemical oxidation is most 
efficient for dilute aqueous wastes and gases with limited application for slurries, tars, 
and sludges. Treatment chemicals are typically added in excess of stoichiometric 
requirements. Ultraviolet light bas been found to increase the oxidizing power of 
peroxide and ozone (Min et al., 1991). 

Implementability. Chemical oxidation processes are well developed and 
commercially available. Photolysis, one form of chemical oxidation, uses a light source 
to catalyze the oxidation reaction and is dependent on waste material and fluid clarity. 
Chemical oxidation is implementable in the liquid and gaseous phases (Min et al., 1991). 
Oxidation of solid wastes is difficult because the contamination must be extracted from 
the solid into a liquid or g~eous form prior to the oxidation. Chemical oxidation would 
be considered moderately implementable for groundwater. 
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Effectiveness. Chemical oxidation, including photolysis, is moderately effective for 
the destruction of organic contaminants in liquid waste streams. These processes are 
judged to have limited effectiveness in treating solid waste, soils, and riverbank 
sediments due to the need for extracting the organics. 

Cost. Chemical oxidation and photolysis require high cost chemical reagents and 
treatment of secondary wastes. Electrical and equipment costs for UV-photolysis can be 
very expensive. Therefore, chemical oxidation is judged to have very high 
implementation and operating costs. 

1.14.2 Acid Digestion 

Applicability. Solid waste. 

General Description. Acid digestion is an ex situ chemical treatment process 
which oxidizes organic materials and partially oxidizes metals by chemical reaction with 
acid (Lerch et al., 1981). Waste is digested in a heated bath of sulfuric acid. The 
sulfuric acid carbonizes and partially oxidizes organics (Lerch et al., 1981). Complete 
oxidation is accomplished by the addition of nitric acid to the reactor vessel at a rate 
proportional to waste feed requirements. The resulting residue must be separated from 
the acid bath by filtration or distillation (Lerch et al., 1981). These residues would . 
require additional treatment such as solidification/ stabilization by cementation or 

to vitrification. Acid digestion is similar to a combustion process and requires off-gas 
cg collection and treatment. 

~ 
t~ -~ 
0-::-

Implementability. Acid digestion of contaminated combustible waste has been 
tested and demonstrated at the Hanford Engineering Development Laboratory ( Allen 
and Lerch 1982). Immobilization of acid digestion residue has also been demonstrated 
(Greenhalgh and Allen 1983). The current status of development and the hazards 
associated with hot acid processing of this process suggests that implementation for 
treatment of 100 Area combustible waste would be difficult. 

Effectiveness. The process can treat combustible wastes including PVC, 
polyethylene, paper, ion exchange resin, all types of rubber, and other cellulosic materials 
(Lerch et al., 1981). Process rates are very low (Lerch et al., 1981). Slow processing 
rates indicate limited effectiveness for acid digestion of wastes from the Hanford 100 
Area. 

Cost. Acid digestion systems are not fully developed or commercially available. 
The process is not labor intensive, although extensive process control is required. 
Sulfuric acid can be recycled in the process but treatment of secondary wastes is 
expensive. The complexity of such a system implies costly maintenance. The overall cost 
of implementing an acid digestion system would be very high in comparison with other 
chemical treatment technologies for solid waste. 
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Applicability. Solid reactive materials and insoluble solid organics . . 

General Description. Hydrolysis is an ex situ chemical treatment process. 
Hydrolysis is a fragmentation/substitution reaction which may occur in pure water for 
reactive compounds such as alkali metals or in acidic or basic conditions for insoluble 
organics. The fragmentation/substitution reaction decomposes organic contaminants or 
reduces reactive materials into significantly less hazardous aqueous solutions. Hydrolysis 
as a waste treatment is most effective when applied to high concentrations of reactive 
materials or insoluble organics. This treatment is not intended for low concentrations of 
contaminants that may be present in groundwater, soils, or riverbank sediments. 

Implementability. Hydrolysis is a well developed technology that has traditionally 
been used to synthesize organic chemicals such as alkyl halides and hydrogen sulfates 
(RAAS 1991). Hydrolysis is considered difficult to implement at the Hanford 100 Area 
because reactive materials and insoluble organics are not present in a relatively pure 
form. 

Effectiveness. Hydrolysis is an effective method of partial reduction of insoluble 
organic materials into more soluble components and in decreasing the dangers associated 
with reactive materials. Hydrolysis is effective for a limited portion of the contaminants 
of concern. The effectiveness of hydrolysis in treating solid waste is limited due to 
unknown amounts of pure reactive and insoluble organic materials present in the 
Hanford 100 Area. 

Cost. The capital costs for hydrolysis are considered to be high. Reagent 
solutions for acidic and/ or basic solutions may significantly increase operating costs. 
Overall, the cost for implementing hydrolysis for treatment of Hanford 100 Area solid 
wastes is judged to be high relative to other chemical treatment technologies due to 
dangerous operating conditions. 

2.0 GROUNDWATER TECHNOLOGY DESCRIPTIONS 

2.1 ACCESS RESTRICTIONS 

2.1.1 Water Rights Restrictions 

Refer to 'Technical Descriptions for Solid Waste" under Deed Restrictions, 
discussed in Section 1.1.2. 
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Refer to ''Technical Descriptions for Solid Waste" under Deed Restrictions, 
discussed in Section 1.1.2. 

2.2 MONITORING 

The following monitoring techniques are discussed below: 

• wellpoint monitoring 
• . groundwater monitoring. 

2.2.1 Wellpoint Monitoring 

Applicability. Groundwater 

General Description. A wellpoint consists of a series of connected lengths of pipe 
driven by repeated impacts into the ground to below the water table. Water enters the 
well through a drive point at the lower end of the well. This consists of a screened 
cylindrical section protected during driving by a steel cone at the bottom. Samples are 
withdrawn from the wellpoint with a small suction pump. The wellpoint monitoring 
system is installed in an aquifer on the downgradient side of a point source to collect 
samples of potentially contaminated groundwater. 

Implementability. Wellpoint monitoring is a common technique for collecting 
groundwater samples. The presence of gravel and cobbles in Hanford 100 Area soils 
limits the installation of wellpoints. Wellpoints are installed by driving small diameter 
pipe through soil; rocks encountered would prevent proper installation or may damage 
the screen configuration. Cone penetrometer tests were performed at Hanford in 1992 
(WHC 1992) to demonstrate the use of driven samplers for vadose zone sampling. The 
testing did not involve installation of wellpoints below the water table. The tests 
confirmed the difficulty of driving penetrometers in Hanford soils, although overall the 
technique was shown to be moderately implementable for limited applications. Since the 
testing did not involve groundwater wellpoints, the implementability of wellpoint 
installation at Hanford is considered uncertain. 

Effectiveness. The wellpoint monitoring system is most suitable for applications 
where depth to groundwater is low and soils are sandy. A key disadvantage of driven 
wellpoints is that the resulting wells are not RCRA/CERCLA compliant, i.e. the wells 
are not sealed and could potentially cause a contamination conduit to groundwater. 
Wellpoint monitoring is therefore considered to be ineffective for the Hanford 100 Area. 

Cost. The cost of implementing wellpoint monitoring systems is considered to be 
low relative to other monitoring technologies due to the availability and use of standard 
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well installation equipment. However, costs would be higher at Hanford due to the 
difficulties of driving wellpoints in rocky soils. 

2.2.2 Groundwater Monitoring 

Applicability. Groundwater 

General Description. Groundwater monitoring systems consist of a network of 
monitoring wells placed upgradient and downgradient of potential contaminant sources. 
The exact number, constructio~ depth, and locations of the wells is dependent upon site
specific hydrogeological characteristics and the potential contaminants of concern. 
Groundwater samples are collected from the well( s) using suction or submersible pumps 
or bailers, and analyzed for the parameters of interest. Upgradient wells are routinely 
installed to provide baseline groundwater quality for comparison purposes. Sidegradient 
wells are installed to assist in plume delineation. 

Implementability. Groundwater monitoring networks are routinely installed at 
waste management facilities. Installation techniques are readily available and are well 
suited for use in the Hanford 100 Area. 

Effectiveness. Properly designed, constructed, maintained, and operated 
groundwater monitoring networks are highly effective in assessing existence and extent of 
contamination in the groundwater. These networks can also be used to gauge the 
success of groundwater remediation activities. Monitoring alone is not effective in 
protecting health and environment. 

Cost. The cost of installing a groundwater monitoring network at the Hanford 
100 Area is considered to be moderate in comparison to other monitoring techniques. 
Operating and maintenance costs depend on the analytical parameters to be determined, 
the monitoring frequency, and the data interpretation activities associated with the 
monitoring program. 

2.3 ALTERNATE WATER SUPPLY 

2.3.1 Columbia River and Development of Nearby Sources 

Applicability. Replacement of groundwater for domestic, industrial, or 
agricultural uses. 

General Description. The purpose of this option is to provide alternative water 
sources to locally contaminated groundwater. Two options are considered here: the use 
of Columbia River water by direct pumping from uncontaminated areas or by 
constructing a reservoir exclusively for this purpose; or the development of nearby 
uncontaminated groundwater sources. 
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Implementability. Direct diversion of river water would be easily implementable. 
Water rights could be purchased from nearby sources if future land use options include 
agricultural activities or grazing. Pipelines would be required for development of nearby 
sources. Therefore this option is considered moderately implementable. 

Effectiveness. The options presented above provide effective replacements for 
groundwater. Prior to allowing practices, such as irrigation, that may recharge the 
aquifer, the possible mobilization of contaminants through the use of replacement water 
would require consideration. 

Cost. The cost of implementing water replacement practices is a function of the 
amount of water required, irrespective of whether water rights must be purchased and 
dams and pipelines constructed. On this basis, the diversion of Columbia River water is 
considered a moderate cost option and development of other nearby sources is 
considered a relatively high cost option. 

2.4 HORIZONTAL BARRIERS 

Refer to "Solid Waste Technology Descriptions." under Horizontal Barriers, 
discussed in Section 1.4. 

2.5 VERTICAL BARRIERS 

Refer to "Solid Waste Technology Descriptions" under Vertical Barriers, discussed 
in Section 1.5. 

&,~ 2.6 HYDRAULIC CONTROL 

The following methods of hydraulic control of groundwater are discussed below: 

• extraction wells 
• extraction drains/trenches. 

2.6.1 Extraction Wells 

Applicability. Groundwater 

General Description. Groundwater extraction wells are used to withdraw, and 
occasionally, isolate contaminated groundwater by manipulation of the hydraulic gradient 
(RAAS 1991). The extraction system design may include a single well for the withdrawal 
or containment of an isolated plume or multiple well to control a larger or more 
dispersed plume. The complexity of the design depends on the nature of the 
transporting medium, the depth of penetration of the contaminant, and the complexity of 
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the geologic stratigraphy. The extraction process is the precursor to groundwater 
treatment or disposal alternatives. Injection wells work in a manner opposite to 
extraction wells but employ similar design and construction. 

Implementability. Groundwater wells for injection or extraction are considered 
conventional technology. The extraction/injection methods and technologies are well 
established in the remediation industry (RAAS 1991). The coarse nature and high 
transmissivity of Hanford 100 Area soils and the shallow depths to groundwater make 
extraction wells easily implementable. 

Effectiveness. The geology and the nature of soils in the Hanford 100 Area lend 
themselves to installation and operation of extraction wells. The technology is 
considered a highly effective method of extracting groundwater. 

Cost. The capital costs for extraction wells is expected to be moderate relative to 
other extraction systems. The major expenditures would be the well construction, the 
piping, and pump installation. Operating costs for extraction wells are expected to be 
low. 

2.6.2 Extraction Drains/Trenches 

Applicability. Groundwater 

General Description. Extraction drains/trenches include any type of buried 
conduit, equipped with pumps, or below-grade trench used to direct and collect 
contaminated groundwater by gravity flow (Freeman 1989). A subsurface drainage 
system may consist of a single extraction point or a series of extraction points, depending 
on the extent of contamination, to collect leachate for treatment or monitoring. 
Drains/trenches can be used as barriers to prevent contamination or to intercept a 
contamination plume downgradient from a source. The method can be utilized in 
conjunction with other groundwater treatment or disposal technologies. 

Implementability. Subsurface drainage systems are generally limited to shallow 
contamination. Installation may require excavation into contaminated materials. Due to 
the depth of contamination in the Hanford 100 Area, extraction drains/trenches may 
have limited application for intercepting contaminant plumes. Extraction drains/trenches 
are difficult to implement beneath existing solid waste burial sites and contaminated soil 
areas. Extraction drains/trenches would be moderately implementable for directing and 
collecting groundwater, but would require excavation of large volumes of soil. 

Effectiveness. Extraction drains/trenches would be highly effective when used for 
shallow groundwater contamination. Little or no infiltration would be expected for solid 
waste or soils; therefore, the technology would be ineffective for these applications. 

Cost. The cost of installing extraction drains/trenches is expected to be high 
relative to other subsurface flow control technologies. Implementation costs are 
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primarily a function of the amount of excavation required. Excavation through 
contaminated materials may require equipment modifications and additional safety 
precautions to protect workers which would increase costs. 

2.7 GROUNDWATER EXTRACTION 

The following methods of groundwater extraction are discussed below: 

• extraction wells 
• extraction drains/trenches 
• aquifer mining. 

2.7.1 Extraction Wells 

Refer to "Extraction Wells" under Hydraulic Control, discussed in Section 2.6.1. 

2. 7.2 Extraction Drains/Trenches 

Refer to "Extraction Drains/Trenches" under Hydraulic Control, discussed in 
Section 2.6.2. 

2. 7.3 Aquifer Mining 

Applicability. Groundwater 

General Description. Aquifer mining is a groundwater extraction technique that 
involves removal of an entire contaminated groundwater formation. Application of the 
technique in the 100 Area would involve the removal of uncontaminated overburden, 
contaminated soil, sediment, and solid waste, and the mining of the water bearing strata. 

Implementability. Aquifer mining is very similar to strip mining, a well developed 
technology. This technique is considered a drastic approach that would be used in 
conjunction with removal of contaminated soil, sediment, and solid waste. The materials 
that must be removed include all soils, riverbank sediments, and solid waste above and 
within contaminated groundwater plumes. While earth removal is not considered a 
technical challenge, removal of such a large volume of material would be more difficult. 
The depth to confining layers beneath the unconfined aquifer may exceed 150 feet in 
certain areas. For these reasons, aquifer mining would be difficult to implement in the 
100 Area. 

Effectiveness. Aquifer mining involves simultaneous removal of contaminated 
groundwater and the soil in which it is present. The sources of groundwater 
contamination include trenches, cribs, and drains that must be removed prior to aquifer 
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mmmg. Aquifer mining would be highly effective in eliminating groundwater 
contamination and the potential for contaminant leaching from aquifer material. 

Cost. The cost of aquifer mining is very high relative to other groundwater 
removal technologies and is directly proportional to the volume of material to be 
removed and the depth of excavation required. In addition, protection of workers and 
containment of the excavation site are significant factors that would influence the cost. 

2.7.4 Lixiviant Extraction for Groundwater Saturated Sediments 

Applicability. Inorganic contamination in groundwater saturated sediments. 

General Description. Lixiviant extraction is a combination in situ/ ex situ 
treatment method. Lixiviant extraction involves injection of chemical reagents to 
contaminated aquifers to leach adsorbed contaminants from the sediments into the 
groundwater. Contaminated groundwater containing the leached constituents is 
recovered downgradient through conventional extraction wells. Recovered groundwater 
is subsequently treated ex situ to remove contaminants and the lixiviant solutions may 
then be recycled. 

The lixiviant extraction process is similar to in situ leaching operations in the 
mining in industry where a chemical solution is allowed to percolate through the soil by 
gravity flow or forced injection. Lixiviants (e.g., sodium carbonate/bicarbonate) have 
been developed for extraction of uranium and commercial in situ uranium mines 
currently exist. 

Implementability. Lixiviant extraction is considered an innovative technology for 
this application. Successful implementation of a lixiviant sediment flushing process in the 
100 Area is dependent oii the aquifer characteristics and the ability to recover lixiviated 
contaminants. Also, considerable R&D would be required to develop suitable lixiviants 
for many of the Hanford contaminants. Soil and groundwater characteristics must be 
conducive to injection and extraction of flushing solutions. Lixiviant extraction is 
considered difficult to implement due to the need for injecting flushing agents · and the 
potential for mobilization of contamination in groundwater system. 

Effectiveness. The effectiveness of lixiviant extraction depends on the aquifer 
characteristics, the ability to recover the contaminated groundwater, and the 
development of suitable chemical reagents. Difficulties involved with lixiviant extraction 
include limiting reactions to contaminants, monitoring and controlling progress, directing 
treatment through the soil, preventing soil pore plugging, and meeting current 
requirements for residual contaminant levels in the aquifer. R&D and treatability tests 
would be required to prove the effectiveness of lixiviant extraction for removing 100 
Area contaminants from aquifer sediments. Thus the effectiveness of lixiviant extraction 
is rated as uncertain. 
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Cost. The large volume of contaminated sediments in the Hanford 100 Area 
would require multiple lixiviant extraction systems operating in parallel. The capital 
costs involved with lixiviant extraction are expected to be moderate in comparison with 
other groundwater extraction technologies. Costs associated with secondary treatment 
equipment for contaminated flushing solutions are also significant. 

Operating costs for soil flushing are also expected to be high in comparison with 
other groundwater extraction technologies. Continuous operation of injection/ extraction 
wells and continuous wastewater treatment would require frequent equipment 
maintenance, significant energy usage, and potentially large quantities of chemicals. 

2.8 WASTEWATER DISPOSAL 

The following methods of wastewater disposal are discussed below: 

• deep-well injection 
• above-/below-ground tanks 
• evaporation ponds. 

2.8.1 Deep-Well Injection 

Applicability. Contaminated groundwater and treated effluent. 

General Description. Deep-well injection involves the reinjection of waste water 
into the underlying geology for permanent disposal. This form of disposal is applicable 
to both treated and untre.i :ed waste waters. Waste water injection wells are constructed 
with the injection point in porous, permeable, saline-water-bearing rock stratum that is 
vertically confined by relatively impermeable beds (Freeman 1989). In general, the 
injection point is at a sufficient distance under the regional aquifer to minimize the 
potential of groundwater contamination. 

Implementation. The implementability of deep-well injection for disposal of 
contaminated 100 Area groundwater is dependent on the local geology of the area. The 
geologic requirements for deep-well injection are: 

• Confining layers that are sufficiently thick, extensive, and impermeable to 
contain the aqueous waste in isolation 

• Stable regions that do not have any boreholes or other wells that may 
provide pathways for migration of contaminated groundwater. 

Assessment of the local geology indicates that the Grand Ronde Formation would 
satisfy the geologic requirements for deep-well injection. This region lies within the 
basalt formations at approximately 3000 to 4000 feet beneath the surface of the Hanford 
Site. Deep-well injection of hazardous, radioactive, and mixed waste waters would 
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require compliance with applicable regulations. Regulatory compliance would require a 
significant effort involving groundwater modeling, site characterization, permitting, and 
public acceptance. Therefore, deep-well injection is considered difficult to implement. 

Effectiveness. Deep-well injection has been used for disposal of RCRA hazardous 
wastes (Freeman 1989). Disposal of contaminated 100 Area groundwater by deep-well 
injection is considered a highly effective method for isolating radioactive groundwater 
from uncontaminated groundwater, the surface environment, and human contact. Such 
isolation would allow time for decay of isotopes, such as tritium, and dilution of other 
contaminants. 

Cost. The cost of deep-well injection is high in comparison with other 
groundwater disposal methods. Factors affecting the cost of deep-well injection include 
initial well drilling, pumping requirements, monitoring, and the process of securing 
disposal permits which would potentially contribute greatly to cost. 

2.8.2 Above-/Below-Ground Tanks 

Applicability. Contaminated groundwater and treated effluent. 

General Description. Above- or below-grade tanks can be used for temporary 
storage of contaminated liquid waste. These tanks can be of single- or double-shell 
design depending on the containment requirements of the waste. Above-ground tanks 
are applicable to short-term storage, whereas below-ground tanks are more applicable to 
long-term storage. Tanlc storage can be used to allow natural attenuation of relatively 
short-lived contaminants or to provide temporary storage in anticipation of future 
treatment. 

~ Implementation. Above- and below-ground tanks are currently used at Hanford 
for storage of high-level liquid wastes. The technology and resources for implementing 
liquid waste storage in above- and below-ground tanks are readily available. This 
method of storage and disposal is considered moderately implementable at the Hanford 
100 Area. 

Effectiveness. Past history indicates difficulty in maintaining the integrity of tanks. 
The total volume of contaminated groundwater present in the Hanford 100 Area is 
estimated at 4.8 billion gallons (1 pore volume). Effectively containing this volume in 
above- and below-ground tanks for long periods of time is improbable. 

Cost. The cost of waste water tanlc storage is very high in comparison with other 
disposal technologies. Underground tanks would require additional excavation and are 
more expensive to install than above-ground tanks. Operating costs are low and consist 
primarily of continuous monitoring to ensure containment integrity. Periodic 
maintenance would be required depending on the period of storage. 
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2.8.3 Evaporation Ponds (Evaporation: Passive) 

Applicability. Nonvolatile inorganically and organically contaminated 
groundwater, effluents from other treatment processes. 

General Description. Evaporation ponds ref er to the disposal of wastewater by 
solar evaporation. This process is identical to passive evaporation which is described 
below. Passive evaporation is a physical treatment for volume reduction of groundwater. 
The process involves vaporization by solar energy to separate the volatile solvent, or 
water, from nonvolatile contaminants such as heavy metals, suspended solids, and 
radionuclides. The evaporation process reduces the volume of contaminated fluids and 
releases the volatile constituents as purified vapors. The contaminants are concentrated 
in a residue which may be solidified, dried, or calcined. Passive evaporation could be 
used for disposal of contaminated groundwater. 

Implementability. Passive evaporation is a conventional technology. The process 
uses ponds to maximize the surface area of a given fluid volume and increase 
evaporation. Passive evaporation is best suited for small or moderate volumes of 
contaminated water. The process is considered easily implementable at the Hanford 100 
Area. 

Effectiveness. Passive evaporation is an effective volume reduction technology in 
and regions such as the Hanford Site. However, tritium is a contaminant in groundwater 
which would also evaporate with water. Such a release is not desirable and thus passive 
evaporation is considered not effective in protecting health and environment. 

Cost. A passive evaporation system would be a low cost treatment or disposal 
technique. Capital, operating, and maintenance costs are low in comparison to other 
physical treatment or disposal options for groundwater. However, secondary treatment 
requirements may increase costs. 

2.9 IN SITU BIOWGICAL TREATMENT 

The following methods of in situ biological treatment are discussed below: 

• enhanced groundwater bioremediation 
• biodenitrification. 

2.9.1 Enhanced Groundwater Bioremediation 

Applicability. Organic contamination in groundwater. 

General Description. Enhanced groundwater bioremediation is an in situ 
biological treatment process for destruction of organic contaminants in groundwater. The 
treatment may use bacteria indigenous to the particular environment or bacteria that 
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have been cultured to degrade particular contaminants. Adding nutrients to the 
groundwater enhances degradation by stimulating growth of indigenous bacteria. 
Bacteria that are specially cultured to degrade a particular contaminant can be added to 
the groundwater. 

Enhanced groundwater bioremediation involves circulation of a treatment fluid 
containing nutrients or cultured bacteria through the area of contamination. The process 
may be conducted under aerobic or anaerobic conditions. Aerobic processes ( e.g., 
hydrogen peroxide providing oxygen) are preferred because processing rates are 
increased. The treatment fluid is injected directly into the groundwater. Residual 
products are then extracted for surface treatment or recirculation into the site. 
Circulation is continued until the site is determined to be "clean." Collection of this 
water can be the most difficult aspect of the 
treatment. Another difficulty with this technology is ensuring that the contaminated area 
is contained during treatment. 

Implementability. Bioremediation requires a site hydrology where injection and 
extraction can be performed without spreading contamination or leaving residual 
products. Due to the high permeability of Hanford 100 Area aquifers, circulation of the 
treatment fluid without mobilizing contamination would be difficult. Enhanced 
groundwater bioremediation treatability tests would be required to ensure process 
control and containment of inorganic and radioactive contaminants. 

Effectiveness. Although enhanced groundwater bioremediation is a developed 
remediation technology, the process is complex and variables such as bacterial 
concentration, temperature, pH, nutrient concentration, and oxygen availability must be 
controlled. Enhanced groundwater bioremediation would be considered moderately 
effective if the process variables listed above can be maintained within acceptable 
tolerances. 

Cost. The cost of enhanced groundwater bioremediation is high relative to other 
in situ organic contaminant treatment processes. The capital costs include an extensive 
injection/ extraction well system and treatment fluid storage tanks. Operating costs 
include utilities, secondary waste treatment, and process materials such as nutrients, 
bacteria cultures, and hydrogen peroxide. 

2.9.2 Biodenitrification 

Applicability. Nitrate contamination in groundwater, soils, and riverbank 
sediments 

General Description. Biological denitrification is an anaerobic process where 
microbial metabolic action reduces nitrates to nitrogen gas. Bacteria use nitrate anions 
as a source of oxygen for metabolizing organic materials. Denitrification occurs as 
bacteria consume carbon (food source) supplied by organic material present in the 
contaminated media or waste stream or by introduction of compounds such as methanol 
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or acetic acid. In situ biodenitrification is accomplished by injection of oxygen and 
nutrient sources directly into the affected media. Spray irrigation is a special application 
of biodenitrification where extracted groundwater containing nitrates is sprayed on 
growing plants. Nitrates are reduced biologically in the roots of the plants in the same 
manner as nitrate-containing fertilizers. 

Implementability. In situ and ex situ biological denitrification are developed 
technologies. Hydrocarbon contamination plumes have been biologically degraded under 
denitrifying conditions in groundwater (Hutchins and Wilson 1991; Mikesell et al., 1991). 
Tests of an ex situ denitrification process have been conducted at the Hanford Site 
where concentrations of nitrate were reduced from approximately 400 milligrams per 
liter to less than one milligram per liter (Brouns et al., 1991). Based on the results of 
these tests, an in situ process for treating contaminated groundwater is being developed 
(Brouns et al., 1991). In situ and ex situ biological denitrification processes are 
considered moderately implementable based on previous success. The special 
application, spray irrigation, is considered easily implementable. 

Effectiveness. Results of the Hanford ex situ denitrification tests show that nitrate 
concentrations are reduced to levels that are within acceptable drinking water standards 
(Brouns et al., 1991). Factors influencing the effectiveness of denitrification include 
organic carbon availability, presence of dissolved solids, and concentration of nitrates. 
The organic carbon source is critical to the effectiveness of nitrogen removal. Typically, 
the ratio of organic carbon to nitrogen is maintained at 1.3 to 1. High levels of dissolved 
solids inhibit the biodenitrification process. The rate at which denitrification occurs is 
inversely proportional to the concentration of nitrates in the waste stream. In situ and ex 
situ biological denitrification processes are considered highly effective based on test 
results and previous remediation experience. 

Spray irrigation is considered highly effective but limited to groundwater which 
contains only nitrates and no concentrations of toxic metals or radionuclides. 

Cost. The large volume of nitrate contaminated groundwater in the Hanford 100 
Area may require parallel operation of multiple ex situ denitrification systems. The 
capital costs for ex situ biodenitrification are expected to be high in comparison with 
other ex situ biological groundwater and soil treatment technologies. The capital costs 
for in situ biodenitrification are expected to be moderate in comparison with other in 
situ groundwater and soil treatment technologies. Capital costs for spray irrigation are 
expected to be low. 

Operating costs for ex situ biodenitrification are expected to be high in 
comparison with other groundwater and soil treatment technologies. Primary operating 
costs are incurred for nutrients, organic carbon additives, and maintenance. Operating 
costs for in situ denitrification are expected to be moderate in comparison with other in 
situ groundwater and soil treatment technologies. The primary operating costs for in situ 
denitrification result from injection of nutrients, organic carbon sources, and monitoring. 
Operating costs for spray irrigation are expected to be low. 
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2.10 IN SITU PHYSICAL TREATMENT 

The following in situ physical treatment methods are discussed below: 

• air stripping 
• permeable treatment beds 
• vapor extraction 
• electro-kinetic separation. 

2.10.1 Air Stripping 

Applicability. VOC contaminated groundwater. 

General Description. In situ air stripping is a variation of conventional air 
stripping which occurs in a tray or packed tower. The mass transfer operation from 
liquid to gas occurs in a subsurface trench excavated to a level below the water table or 
in a horizontal well containing a perforated pipe or tube backfilled with gravel. The 
gravel allows groundwater to percolate to the perforated pipe making contact with air 
bubbles that strip Voes from solution. The voes and air migrate to the surface where 
they are vented to the atmosphere. 

Implementability. The implementability of in situ air stripping technology is 
limited by three factors; the variation in depth of excavation to groundwater at the 
Hanford 100 Area; the potential for organic material adsorption in vadose zone soils; 
and the acceptability of venting voes to the atmosphere. Engineering design can 
overcome problems associated with depth. The technology is considered moderately 
implementable due to potential regulatory impacts on venting to the atmosphere. 

c,,1"1 Effectiveness. In situ air stripping is considered highly effective for removal of 
VOCs from groundwater. The effectiveness of the technology is complicated by the 
depth to groundwater. Compressors must be sized to overcome both the groundwater 
head and friction loss as air moves through the soil to the surface. The primary soil 
characteristic influencing the effectiveness of in situ air stripping is gas permeability. A 
gas permeability differential (i.e., clay barrier) above the air injection zone can reduce 
the effectiveness of this technique by causing lateral instead of vertical migration of 
contaminants (Angell 1992). The depth to groundwater is also a concern due to the 
decreasing control of air migration in the soil with increasing depth to groundwater. 
However, the actual effects of soil characteristics and depth to groundwater will be site
specific and requires treatability testing to define. 

Cost. Cost for in situ air stripping is considered to be moderate relative to other 
in situ physical treatments for groundwater. 
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Applicable Media. Contaminated groundwater. 

General Description. A permeable treatment bed is constructed by excavating a 
trench to a natural confining layer such as bedrock. The trench is then backfilled with a 
porous treatment media that intercepts contaminants in the groundwater. Examples of 
treatment media selected may include activated carbon for organic contamination, 
limestone, or sodium carbonate which alters the solubility of contaminants such as heavy 
metals and radionuclides. The permeable treatment bed is placed downgradient of 
contamination and adsorbs contaminants as the groundwater flows through the treatment 
media. 

Implementability. Permeable treatment beds are most applicable where 
contaminated groundwater is shallow and contaminant concentrations are low. 
Implementability is difficult at the Hanford 100 Area because the large quantity of 
contamination would require treatment media replacement and the treatment media 
must adsorb, or form complexes with, a large range of contaminants. 

Effectiveness. Effectiveness of this technology is limited due to the need for 
contaminant specific media. Precipitation of insoluble contaminant salts may also cause 
loss of the engineered permeability of the bed which could limit the effectiveness of this 
treatment. 

Cost. This treatment has the potential of being very expensive due to the need 
for large quantities of treatment materials, extensive excavation, and removal of spent 
material. Based on this, the cost of using permeable treatment beds is considered high 
relative to other in situ physical groundwater treatment options. 

2.10.3 Vapor Extraction 

Applicability. VOC contaminated solid waste, groundwater, soils, and riverbank 
sediments. 

General Description. Vapor extraction is an in situ treatment option for 
remediation of VOC contamination. A vacuum drawn on the vadose zone or buried 
solid waste induces vaporization of VOCs. These contaminants are then drawn to an 
extraction well and ultimately to secondary treatment such as venting, carbon adsorption, 
or incineration (Kent et al., 1990). Refer to sections on steam stripping and air stripping 
(also in situ air stripping) for variations of this technology. The technology may also be 
applied on an ex situ basis to remove contaminants from containerized waste. 

Implementability. Vapor extraction is considered a conventional technology with 
broad application. The technology has been successfully applied as an interim action for 
remediation of the carbon tetrachloride plume in the 200 Area of Hanford. The 
extraction process may be adapted to a wide range of site conditions at the Hanford 100 
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Area operable units where VOC contamination requires remediation. The technology is 
considered easily implementable. 

Effectiveness. The physical properties of the contaminants that influence the 
effectiveness of vapor extraction include vapor pressure, vapor density, liquid specific 
gravity, vadose zone permeability, and contaminant solubility in water. The thickness of 
the contaminated zone could influence the success of vapor extraction as the 
effectiveness of the vacuum is inversely proportional to the contaminated zone thickness. 
The effectiveness of this technology is considered moderate for groundwater in situ 
application and highly effective for the porous soils at the Hanford 100 Area. The 
effectiveness of in situ application to buried waste is uncertain. Volatile organic 
compounds may be removed if the waste is porous and if the VOCs are not trapped in 
containers. 

Cost. The cost per cubic yard of contaminated soil remediated is generally less 
than for excavation technology, but the cost per pound of organics removed can be high. 
The capital costs for the initial system set-up should be similar to that for air stripping 
technology. Extraction wells are required and certain capital equipment in the form of 
blowers, surface piping, and secondary treatment equipment are also needed. Depth of 
wells is difficult to estimate without pilot testing. The costs are low relative to other in 
situ physical treatments for organic contamination remediation. 

--- 2.10.4 Electro-Kinetic Separation 

Applicability. Organic and inorganic ion contamination in groundwater. 

General Description. Electro-kinetic separation is an in situ physical treatment 
method of separating contaminants and/or water from saturated ·soils. The process 
induces water and contaminant flow by passing a direct current through a soil mass 
between positive (anodes) and negative (cathodes) electrodes (Steude and Tucker 1991). 
This direct current induces movement of electricity ( current flow), ions ( ionic drift), 
charged particles (electrophoresis), and water (electro-osmosis) (RAAS 1991). Remedial 
applications of electro-kinetics rely on ionic drift and electro-osmosis. Through the use 
of extraction wells, water and ionic contaminants are extracted at the anodes and anionic 
contaminants are extracted at the cathodes. 

Implementability. Remedial applications of electro-kinetics are in the 
demonstration phase of development. The technology has been used for over fifty years 
for industrial applications such as dewatering soils and sludges, removing salts from 
agricultural soils, and increasing petroleum production (Stuede and Tucker 1991). This 
method is considered applicable to saturated soils with a hydraulic conductivity less than 
1x10-5 cm/sec (RAAS 1991). The implementability of electro-kinetic separation at the 
Hanford 100 Area is considered to be uncertain due to the relatively high hydraulic 
conductivity of the unconfined aquifer (approximately 10-1 cm/sec). 
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Effectiveness. Laboratory experiments have shown that the technology effectively 
mobilizes certain ionic species, such as acetic acid, while being ineffective for others, 
such as sodium chloride (Stuede and Tucker 1991). The technology can potentially have 
adverse effects on soil chemistry including mineral dissolution, precipitation of secondary 
minerals, and an increase in soil pH (RAAS 1991). In addition, electrolysis of water 
would generate hydrogen gas (RAAS 1991). The effectiveness of electro-kinetic 
separation for treating Hanford 100 Area groundwater is uncertain due to limited 
application and demonstration. 

Cost. In situ electro-kinetic separation requires additional processes, such as 
extraction wells and treatment systems, to perform groundwater remediation. Power 
consumption is based on contaminant concentrations and the remedial time frame. The 
cost of electro-kinetic separation is considered high due to additional processing and high 
energy requirements. 

2.11 IN SITU CHEMICAL TREATMENT 

2.11.1 In Situ Chemical Precipitation 

Applicability. Groundwater contaminated with heavy metals and radionuclides 

General Description. In situ chemical precipitation is an innovative groundwater 
treatment technique. The chemical precipitation reactions discussed here include any 
technique which results in the production of insoluble precipitates by processes such as 
chemical reduction and pH modification. Soluble contaminants such as heavy metals (in 
particular hexavalent chromium) and possibly radionuclides may be treated in situ 
(Thornton et al, 1991). Reagents are used which react with the metals to form relatively 
immobile precipitates. The reagents have been used commercially to treat · plating wastes 
ex situ and include sodium sulfide and ferrous sulfate in a near neutral pH base. This 
combination of reagents has been used successfully at Tinker Air Force Base, Oklahoma 
(Beller et al., 1989) to treat plating shop waste. Such an approach extrapolated for in 
situ application is considered as an innovative process option. 

A series of injection wells would be required to introduce the reagent(s) into the 
groundwater in such a manner that the reagents become well mixed within the 
contaminated plume. 

Implementability. Implementability of this process option would be difficult with 
regard to achieving adequate mixing of the reagents in situ. In situ injection and flow 
are primarily plug flow processes and as such mixing would be difficult to achieve. 
Adequate mixing would likely have to be accomplished by a recirculating 
extraction/injection scheme. However, this poses difficulty of reinjecting water 
containing precipitates, i.e., aquifer plugging problems may occur. Further development 
and testing are required to prove the viability of the technique for in situ application. 
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Effectiveness. The approach described above has been validated by actual 
application to plating shop wastes containing heavy metals such as hexavalent chromium, 
cadmium, copper, and nickel (Beller et al., 1989). The effectiveness of this approach for 
treatment of groundwater contaminated with both heavy metals and radionuclides is 
uncertain at this time due to the lack of specific in situ data. However, if it could be 
demonstrated viable, the technical and cost benefits relative to conventional pump and 
treat approaches are potentially very large. Therefore, in accordance with CERCLA FS 
guidelines regarding consideration of innovative technologies, this approach is retained 
for further consideration in the FS process. 

Cost. The cost of this in situ treatment option using the sodium sulfide/ferrous 
sulfate reagent is considered to be low relative to similar ex situ techniques (refer to 
chemical reduction in Section 2.14.5) due to elimination of the need for a groundwater 
treatment plant. 

2.12 BIOWGICAL TREATMENT 

The following biological treatment methods are discussed below: 

• bioreactors 
• biodenitrification 
• biosorption. 

2.12.1 Bioreactors 

Applicability. Organically contamination in soils, riverbank sediments, and 
groundwater. 

General Description. Bioreactor technology refers to ex situ degradation of 
organic contaminants by microbial metabolic processes. Bioreactors used for processing 
solids are mixing vessels that blend cultured bacteria, nutrients, oxygen (if reactor 
conditions are aerobic), and contaminated waste under controlled temperature, pH, and 
moisture conditions. Aqueous waste bioreactors consist of reactor vessels containing an 
active bacteria population in suspension. Studies using porous materials have been 
conducted; the bacteria adhere to the porous materials thereby increasing their activity 
and available surface area. As the contaminated water flows through the reactor, 
contaminants are consumed by bacteria. Effluent from bioreactors may be discharged or 
removed for additional treatment. 

Bioreactors enhance degradation by increasing the availability of contaminants 
and nutrients to bacteria. Bioreactors maximize the rate at which bacteria can degrade 
organic contaminants. 

Implementability. Bioreactor technology is developed and commercially available 
for remediation of organic contamination in the wastewater treatment industry (Busch 
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1971). Bioreactors may be used to treat groundwater, soils, and riverbank sediments; 
however, residence time in reactors may be long. Bioreactor technology is considered 
moderately implementable for treatment of Hanford 100 Area groundwater, soils, and 
riverbank sediments. 

Effectiveness. Bioreactors are highly effective in treating organic contaminants 
including halogenated materials, aromatics, and PCBs. Different types of soils ( e.g. sand, 
loam, clay) may be remediated in bioreactors. In addition, bioreactors may also be used 
to treat fines, providing an advantage over other treatments such as soil washing. 

The effectiveness of this technology is determined by the efficiency of mixing 
components (bacteria, contaminants, and nutrients) and control of process variables (e.g. 
temperature, pH, moisture content) (Bhattacharya 1992). Bioreactors are considered to 
be highly effective for treatment of organically contaminated Hanford 100 Area soils, 
riverbank sediments, and groundwater. 

Cost. The cost of implementing bioreactor technology is considered high in 
comparison to other ex situ biological treatment techniques. The number of reactors 
required would depend on the number of different waste streams to be treated and the 
process rate of each waste stream. Maintenance and operating costs are high and consist 
of utility and monitoring requirements. 

2.12.2 Biodenitritication 

Refer to ''biodenitrification" under In Situ Biological Treatment, discussed in 
Section 2.9.2. 

en 2.12.3 Biosorption 

Applicability. Heavy metal ionic contamination in groundwater. 

General Description. Biosorption is an ex situ biological treatment process for 
the removal of heavy metals from aqueous waste streams. The process is based on the 
natural affinity of microorganisms, such as algae cells, for heavy metal ions (EPA 1990c). 
The system functions on the same principle as ion exchange, except that the ion 
exchange resin is composed of algae-silica material. As with typical ion exchange resins, 
the biological exchange resin can be recycled (EPA 1990c). In contrast to present ion 
exchange technology, hard water constituents and monovalent cations do not significantly 
reduce the efficiency of binding heavy metal ions to the algae-silica material (EPA 
1990c). 

The process is generally applicable to removal of metallic ions from aqueous 
waste streams that are "hard" or contain high concentrations of solids in solution. 
Specifically, the process can remove heavy metals such as aluminum, cadmium, 
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chromium, cobalt, copper, gold, iron, lead, manganese, mercury, molybdenum, nickel, 
platinum, silver, uranium, vanadium, and zinc (EPA 1990c). 

Implementability. Biosorption is an innovative treatment, but process treatment 
systems are commercially available (EPA 1990c ). Mobile and stationary treatment 
equipment has been designed and manufactured with treatment capacities ranging from 
1 to 100 gallons per minute (gpm). Implementability of biosorption for treatment of 
Hanford 100 Area groundwater is considered difficult due to the limited operating 
history and low demonstrated capacity. 

Effectiveness. Biosorption technology is relatively new and performance 
information is limited. The process has been successfully tested for remediation of 
mercury contaminated groundwater (EPA 1990c). Treatability tests would be required to 
establish the effectiveness of this process in removing heavy metal ions from Hanford 
100 Area groundwater. 

Cost. The cost of biosorption treatment of Hanford 100 Area groundwater is 
expected to be moderate in comparison with other biological treatment technologies. 
The capital cost for such a treatment system is expected to be moderate; however, 
operating and maintenance costs are expected to be high due to the unproven status of 
the technology. Spent biological exchange resins would require additional treatment that 
would increase the cost of this treatment technology. 

co 2.13 PHYSICAL TREATMENT 

The following methods of physical treatment are discussed below: 

• ion exchange 
• evaporation: Passive 
• media filtration 
• flocculation 
• carbon adsorption 
• air stripping .. reverse osmosis 
• ultrafiltration 
• electrodialysis 
• dissolved air flotation 
• sedimentation 
• steam stripping 
• evaporation: Forced 
• freeze crystallization 
• supported liquid membrane . 
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Applicability. Inorganic contamination, such as heavy metals and radionuclides, in 
groundwater. 

General Description. The ion exchange process binds ionic contaminants in 
exchange for mobile ions of similar charge that are contained on organic resin beads or 
powders, such as polystyrene, or on inorganic materials, such as zeolites. Both anions 
( e.g., nitrate) and cations ( e.g., heavy metals, radionuclides) can be removed from 
solution by use of appropriate ion exchange media. The process involves pumping the 
contaminated solution through vessels containing ion exchange resins. Configurations 
and combinations of ion exchangers containing either cation or anion resins ( or mixes) 
may be specified to operate either in series or parallel based on the volume of 
contaminated water to be treated. Resins are chemically regenerated using concentrated 
salt or acid solutions which result in a secondary waste requiring treatment. 

Implementability. Ion exchange is commercially available and proven for 
radioactive wastewater treatment (RAAS 1991). The technology is used extensively at 
the Hanford Site for radionuclide separation in nuclear material processing operations. 
Pretreatment of the waste stream might be necessary to remove materials such as oils, 
suspensions, colloids, and bacteria (Moghissi et al., 1986). Thus, for aqueous waste 
streams with many contaminants such as those present at the Hanford 100 Area, ion 
exchange is considered easily implementable as a unit operation in wastewater and 
groundwater treatment systems. 

Effectiveness. Ion exchange is highly effective for removal of low concentrations 
of ionic species (up to approximately 2,500 ppm) (RAAS 1991). Contaminants such as 
iron and manganese can precipitate and foul the resin beds. Based on the information 
reported in Section 2.0 of this report (Table B-1), ion exchange technology is considered 
to be a highly effective unit operation in groundwater and wastewater treatment systems. 

Cost. Cost of ion exchange is considered to be high relative to other physical 
treatment technologies applicable to groundwater. Cost is influenced by the exchange 
media required, the regeneration process required for the exchange media, as well as the 
volume and condition of the stream requiring treatment. The key drawback of ion 
exchange is the large quantity of waste from the regeneration process that would require 
additional treatment for volume reduction and disposal. If the regeneration process is 
not used high costs associated with disposal and replacement are incurred. 

2.13.2 Evaporation: Passive 

Refer to "Evaporation Ponds" under Wastewater Disposal, discussed m 
Section 2.8.3. 
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Applicability. Suspended solids in groundwater. 

General Description. Media filtration removes solids from suspension by using 
media, such as diatomaceous earth, to prevent clogging of porous filtration membranes 
by fine particulates and suspended solids. Filtration is a common pretreatment step for 
most other technologies such as ion exchange, membrane separation processes ( e.g., 
reverse osmosis, ultrafiltration), and carbon adsorption (EPA 1987). Media filtration 
may also be used to dewater slurry or sludge byproducts from processes such as 
evaporation. 

Implementability. Media filtration is commonly used in water treatment plants 
for solids removal. This technology is considered easily implementable as either a 
pretreatment operation or a concentration process. 

Effectiveness. Media filtration is a highly effective method for removal of solids 
from a liquid. The technology has broad application in a range of wastewater treatment 
systems. 

Cost. The cost of implementing this technology is low relative to other 
wastewater treatment technologies. Media filtration is neither maintenance nor labor 
intensive. 

2.13.4 Flocculation 

Applicability. Inorganic contamination, such as heavy metals and radionuclides, in 
groundwater. 

General Description. Flocculation is a physical process where inorganic 
contaminants are coagulated by the addition of chemicals such as ferric chloride, 
aluminum sulfate, and high molecular weight polymers into particles large enough to 
facilitate removal (Freeman 1989). Flocculation is effective in removing suspended 
solids and has been used at l.ANL as a unit operation for concentration of alpha
emitting radionuclides (DOE 199ot). The process may be used in conjunction with other 
technologies such as precipitation and filtration. Residue from this process requires 
secondary sludge treatment to reduce volume and eliminate liquids for disposal. 

Implementability. Flocculation systems are commonly used in the wastewater 
treatment industry and have been installed for treatment of radioactive wastewater. The 
process is moderately implementable due to the need for additional treatment processes 
and significant characterization of the waste stream. 

Effectiveness. Flocculation is considered to be a moderately effective technology 
for use as a unit operation in a Hanford 100 Area groundwater treatment system. The 
process is typically used in conjunction with other processes as noted above. 
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Cost. The cost of this process is moderate relative to other physical treatment 
technologies for groundwater due to the need for coagulating reagents. Treatability tests 
would be required to determine types and dosages of flocculants, and both of these 
factors directly influence cost. 

2.13.5 Carbon Adsorption 

Applicability. Organic contamination in groundwater and VOC contaminated 
vapors. 

General Description. Carbon adsorption is a treatment process used to remove 
organic contamination from aqueous wastes and extracted vapors. Activated carbon 
(processed to increase · surface to volume ratio) possesses a natural affinity for adsorbing 
organic constituents (EPA 1987). The activated carbon is "spent" when its adsorptive 
capacity is depleted and can be regenerated or replaced. Toe process equipment consists 
of granular activated carbon beds housed in cylindrical columns or disposable canisters. 
Toe contaminated gas or liquid is fed through the media allowing adequate residence 
time to strip conUµninants (Corbitt 1990). 

Implementability. Carbon adsorption is commercially available and is easily 
implementable for organically contaminated groundwater and secondary gaseous effluent 
from vapor extraction or air-stripping processes. Toe process could be implemented at 
the Hanford Site 100 Area as a treatment for dissolved product in groundwater and as a 
secondary treatment step for vapor extraction. 

Effectiveness. Literature indicates that the process is best applied to VOCs and 
organic contaminants with the following physical properties: high boiling point, low 
solubility, and low polarity (EPA 1987). Contaminants in the Hanford 100 Area media 
that meet these characteristics include VOCs in soil and groundwater, and non-volatiles 
such as tetrahydofuran. Overall carbon adsorption is considered moderately effective for 
removing organic contaminants of concern at the Hanford 100 Area. 

Cost. The capital cost of carbon adsorption is considered moderate relative to 
other physical treatments options. A significant factor that influences cost is the 
regeneration of spent carbon that requires steam-stripping and secondary treatment of 
contaminants. Activated carbon replacement costs are incurred if regeneration is not 
feasible. These costs are high and include disposal of the spent carbon. Overall, the 
cost of carbon adsorption for treatment of Hanford 100 Area groundwater is considered 
moderate relative to other physical treatment options. 

2.13.6 Air Stripping 

Applicability. VOC contamination in groundwater 

General Description. Air stripping is a technique used to remove VOCs from 
water by transferring the contaminants to an air stream. A stripping tower consists of a 
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cylindrical shell filled with either packing material or a series of perforated plates which 
promote contact between the air and water streams and enhance the mass transfer of 
voes. The waste stream flow is directed downward from the top of the tower, counter
current to the air flow . . The dissolved compounds diffuse out of the water into the air 
and exit from the top of the tower. Depending on air emission requirements, the air 
leaving the system may need to be treated with carbon adsorption or thermal treatment 
units. 

Implementability. Air stripping is considered an easily implementable, 
conventional technology. The process is well understood and has been implemented at 
many remediation sites. Implementation of air stripping at the 100 Area would be suited 
to several of the operable units where voes are contaminants of concern. 

Effectiveness. Air stripping is highly effective for VOCs that have low water 
solubility and high vapor pressure, but has limited effectiveness for other hydrocarbons. 
Factors affecting design include: flow rate, contaminant versus effluent concentration 
stripping ratio, contaminant type, and concentration. The extent of secondary treatment 
processes required for the system would be dependent on water and air emission 
standards. 

Cost. The cost of air stripping is influenced by the need for secondary treatment 
of effluents to meet emission requirements. Costs for the secondary treatment would be 
dependent on the replacement and handling of carbon units or costs for a thermal 
treatment unit. Capital and operating costs of the stripping unit are expected to be low. 
Many manufacturers produce the equipment in modular components for easy transport 
and assembly. Minor costs would be experienced in maintaining the packing material 
through acid cleaning or replacement. Operating costs of the unit consist primarily of 
power casts for the air blower. 

2.13. 7 Reverse Osmosis 

Applicability. Low concentrations of inorganic contamination in groundwater and 
wastewater streams. 

General Description. The reverse osmosis process is the application of high 
pressure to a concentrated solution, thereby forcing solvent (water) through a 
semipermeable membrane (EPA 1987) that filters contaminants from the waste stream. 
This separation process is used to remove all suspended solids and most dissolved 
minerals in the solution (Moghissi et al., 1986). 

Implementability. The technique is commercially available and implementable as 
a unit operation in a Hanford 100 Area groundwater treatment system. The technology 
has been applied in the nuclear power industry as a pretreatment step prior to 
evaporation and solidification and could be used to concentrate Hanford 100 Area 
groundwater contaminants. The process is moderately implementable due to the need 
for secondary treatment of both concentrates and effluent. 
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Effectiveness. Reverse osmosis is a highly effective process for heavy metal and 
mineral concentrations. The membrane can be fouled by some suspended solids or 
organics and certain low solubility salts. Pretreatment would be required in such 
instances to effectively operate this technology. The reverse osmosis concentrate, and 
potentially the effluent, would require solidification prior to disposal. 

Cost. The cost of reverse osmosis is considered high relative to other physical 
treatment technologies for aqueous waste. Costs are determined by factors such as 
secondary treatment of concentrate effluent ( e.g., solidification, drying/ calcination, 
vitrification), down time associated with membrane fouling, and system capacity 
requirements. 

2.13.8 Ultratiltration 

Applicability. Contaminated groundwater (high molecular weight contaminants, 
greater than 100 grams/mole), and effluent from other treatment processes. 

General Description. The ultrafiltration process is similar to reverse osmosis 
where contaminated aqueous waste is forced through a membrane under pressure, 
trapping colloids, suspended solids (Moghissi et al., 1986), and high molecular weight 
organic molecules. In contrast to reverse osmosis, this process uses a lower operating 
pressure and a more porous membrane, and is therefore less sensitive to fouling. 

Implementability. The ultrafiltration process is commercially available and 
implementable for aqueous waste streams as described above. Like reverse osmosis, the 
process is moderately implementable due to the need for secondary treatment of both 
. concentrates and effluent. 

en Effectiveness. Ultrafiltration is more effective than reverse osmosis for the 
removal of colloids, suspended solids, and high molecular weight organic contaminants. 
Ultrafiltration would not capture soluble species with molecular weights less than 100 
grams/mole, thus the effluent would still contain contaminants such as cobalt-60, 
nitrates, and strontium-90. 

Cost. The cost of ultrafiltration is high relative to other physical waste treatment 
technologies for groundwater, due to the need for secondary treatment for both 
concentrate and effluent prior to disposal. 

2.13.9 Electrodialysis 

Applicability. Low concentrations of inorganic contamination in groundwater. 

General Description. The electrodialysis process was first used to desalinize salt 
water for potable purposes. Salts and minerals, in ionic form, are removed by a direct 
current which induces ion migration through a plastic membrane (Corbitt 1990). The 
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electrodialysis process concentrates inorganic contaminants into a brine which may then 
be treated further by evaporation and solidification. 

Implementability. In principle, this technique would be applicable to Hanford 
100 Area groundwater as an innovative application of a conventional technology. The 
technique is not proven in complex systems containing radionuclides, and treatability 
tests would be necessary to determine whether or not the technology is applicable to 
Hanford 100 Area groundwater. 

Effectiveness. Effectiveness of this treatment has not been determined for the 
types of applications expected at the Hanford 100 Area. Treatability tests would be 
required to determine effectiveness. 

Cost. Assuming that the treatment is both implementable and effective, costs for 
this treatment are of the same magnitude as other membrane filtration technologies, 
such as reverse osmosis, although operating costs for electrodialysis are higher due to 
power requirements. 

2.13.10 Dissolved Air Flotation 

Applicability. Fine solids or suspended solids in groundwater or other wastewater 
streams. 

General Description. Dissolved air flotation involves saturating an aqueous waste 
with air then introducing the waste stream into a pressure reducing vessel. The reduced 
pressure atmosphere forces air out of solution forming bubbles. Fine solids adhere to 
the bubbles, ( an action that can be enhanced with froth forming agents), rise through the 
solution, and are skimmed off to concentrate the contaminant fines. 

Implementability. The process described above is actually a variation of a 
common mining process in which metals are concentrated by froth flotation. The 
process is readily implementable on waste streams containing entrained fine solids with 
densities close to that of water (EPA 1987). Dissolved air flotation has limited 
application to Hanford 100 Area groundwater because fines and suspended solids are not 
the primary contaminants. If another treatment process produces such a waste stream, 
dissolved air flotation would become implementable. 

Effectiveness. The technology is effective, under limited circumstances, to 
aqueous waste streams contaminated with fines or suspended solids having densities 
close to that of water. 

Cost. The cost of implementation is considered moderate due to the availability 
of this technology in the mining industry. Operating and maintenance costs are also 
considered low due to the capability of automating such a system. 
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Applicability. Pretreatment of groundwater or process waste streams containing 
large particles in suspension. 

General Description. Sedimentation is a physical separation of particles entrained 
in a liquid by inducing settling with gravitational or inertial forces (NRC 1981). 
Entrained particles may include particulates, colloidal solids, and flocculent suspensions 
(Corbitt 1990). 

Implementability. The sedimentation process is readily implementable and is 
commercially available. This technology has limited applicability for the primary waste 
streams at the Hanford Site. 

Effectiveness. The sedimentation process is highly effective on waste streams 
containing relatively large particles. However, the effectiveness for the contaminants of 
concern in the waste streams, such as groundwater, at the Hanford 100 Area is limited. 

Cost. The cost of sedimentation is low relative to other treatment technologies. 
Sedimentation requires minimal energy, labor, maintenance, and capital costs. 

2.13.12 Steam Stripping 

Applicability. Organic contamination in groundwater, soils, and riverbank 
sediments. 

General Description. Steam stripping is an enhancement to air stripping (refer to 
previous discussion under "air stripping") where steam is used to increase the efficiency 
of organic transfer from contaminated aqueous waste to a vapor phase. The liquid-vapor 
extraction process occurs in a conventional air stripping packed or tray column using 
steam instead of air as the extraction media. The contaminated liquid feed and steam 
travel counter-current to each other resulting in an organic rich vapor and stripped liquid 
effluent. The vapor may then be condensed to separate organics from water. Steam 
stripping may also be used to strip adsorbed organics in media such as soil. 

Implementability. Steam stripping is commercially available and would be an 
implementable technology for Hanford 100 Area groundwater and soil contaminated 
with organics. Other treatments would be required in conjunction with steam stripping, 
such as incineration or carbon adsorption of the organic-rich vapors. 

Effectiveness. Steam stripping is considered to be highly effective in the removal 
of all contaminants that can be treated by air stripping and in addition, can also be used 
to remove more soluble and less volatile contaminants. 

Cost. The cost for steam stripping is much higher than air stripping due to 
additional energy costs associated with steam and the energy required to heat the 
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contaminated media. As is the case with air stripping, this unit operation requires 
secondary treatment before residues are in a final waste form. Such additional treatment 
also influences the cost for this technology. 

2.13.13 Evaporation: Forced 

Applicability. Nonvolatile inorganic and organic contamination in groundwater, 
and effluents from other treatment processes. 

General Description. Forced evaporation is a volume reduction technique that 
results in either a sludge or a concentrated solution of nonvolatile contaminants. The 
process involves vaporization to separate the volatile solvent (water) from nonvolatile 
contaminants such as heavy metals, suspended solids, and radionuclides (Moghissi et al., 
1986). Vaporization is induced by raising the temperature of the waste stream 
mechanically by vapor recompression or in an evaporator. Vapor may then be 
separated, condensed, and discharged. The sludge or concentrate can be solidified, 
dried, or calcined. Forced evaporation is used extensively at Hanford in radioactive 
waste management. 

Implementability. Forced evaporation is a moderately implementable, 
commercially available technology that has been applied in the nuclear power industry 
(Moghissi et al., 1986). Forced circulation evaporators in particular have been used 

c-n successfully to concentrate low purity liquid wastes with conductivity higher than 100 
~ µmho/cm (Moghissi et al., 1986). 

Effectiveness. Forced evaporation is highly effective in concentrating nonvolatile 
contaminants into sludges or concentrated liquors. Contaminants such as tritium, iodine, 
and krypton isotopes as well as volatile organics would vaporize and thus may require 
additional treatment or pretreatment. 

Cost. The cost of forced evaporation is considered high relative to other physical 
treatment technologies for groundwater. Key cost factors for application of this 
technology include energy, materials for reactor vessels, and secondary treatment systems 
required for disposal of sludges and concentrated liquors. 

2.13.14 Freeze Crystallization 

Applicability. Dissolved inorganic and organic contamination in groundwater. 

General Description. Freeze crystallization concentrates solutes such as heavy 
metals and partially soluble organics by selectively freezing contaminated water into pure 
ice crystals. The ice crystals are mechanically separated, washed, and melted to produce 
clean water. The remaining concentrate requires additional treatment prior to disposal 
(RAAS 1991). Processes such as evaporation followed by solidification for inorganics 
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and phase separation followed by incineration for organic contamination are examples of 
remediation technologies used in conjunction with freeze crystallization. 

Implementability. Freeze crystallizatiop is an innovative approach for reducing 
the volume of contaminated groundwater. The technology has not been applied to 
groundwater remediation where contaminant concentrations are very dilute. Based on 
these considerations freeze crystallization would be difficult to implement. 

Effectiveness. The process may be capable of producing up to 99.9 percent 
removal efficiencies from different types of waste water. The process has been tested for 
metal-refinishing wastes, pickle liquors, acidic and basic solutions (Freeman 1989), paper 
mill bleach solutions, organically contaminated wastewater ( examples of contaminants: 
acetic acid, methanol, aromatic compounds), arsenal redwater, and ammonium nitrate 
wastewater. Tests on Hanford 100 Area groundwater would be required to determine 
the effectiveness of freeze crystallization. The technology is considered to have limited 
effectiveness because contaminants could remain in solution and be frozen and because 
of the difficulties associated with eutectic mixtures. 

Cost. The implementation of the freeze crystallization process would require 
freezing thousands of gallons of water per minute in order to treat all the groundwater. 
Secondary treatments such as incineration and solidification would be required. The cost 
of this treatment is considered to be high relative to other groundwater treatment 
technologies based on energy consumption and the need for secondary treatment 

c..r, systems. 
CQ 

2.13.15 Supported Liquid Membrane 

Applicability. Dissolved inorganic contamination in groundwater. 

General Description. Supported liquid membrane filtration is a variation of other 
membrane separation processes such as reverse osmosis and ultrafiltration. A supported 
liquid membrane consists of a micro-porous membrane containing a carrier ( an organic 
phase) held in place by capillary forces. Liquid membranes typically have higher 
diffusion coefficients than do solid polymer-based membranes; therefore, higher flux 
rates can be obtained. Carriers are used to increase membrane selectivity and currently, 
experimental work is in progress to design carriers for specific applications. 

Implementability. Supported liquid membrane implementability is uncertain at 
the present stage of development. The technology has been used for desalinization and 
hydrogen concentration. Work on more general classes of chemicals is still in the 
laboratory stage. Field testing would be required to determine implementability. 

Effectiveness. Due to the current level of development, the effectiveness of this 
process as applied to the Hanford 100 Area contaminated groundwater is uncertain. 
Treatability studies would be necessary to determine effectiveness. 
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Cost. The cost of implementing supported liquid membrane processes at the 
Hanford 100 Area is uncertain due to the current level of development. 

2.14 CHEMICAL TREATMENT (GROUNDWATER) 

The following methods of chemical treatment are discussed below: 

• chemical oxidation 
• precipitation 
• tritium treatment 
• alkali metal dechlorination 
• wet-air oxidation 
• chemical reduction. 

2.14.1 Chemical Oxidation 

Refer to "Solid Waste Technology Descriptions" under Chemical Treatment, 
discussed in Section 1.14.1. 

2.14.2 Precipitation 

Applicability. Inorganic contamination in groundwater. 

General Description. Precipitation is an ex situ chemical treatment that reduces 
the solubility of inorganic contaminants by pH adjustment-and chemical reaction to 
produce insoluble salts (EPA 1987). Such salts may then be concentrated by filtration 
technologies (refer to various filtration processes described previously under Physical 
Treatment). In general, heavy metals in ionic form, including radionuclides, are readily 
precipitated as either sulfides (under acidic conditions) or hydroxides (under alkaline 
conditions) (Corbitt 1990). Precipitation is typically used in conjunction with other 
treatment processes such as filtration, ion exchange, or flocculation. 

Implementability. Precipitation is a readily implementable, commercially 
available treatment technology for removal of certain heavy metals and radionuclides 
from contaminated groundwater and other secondary wastewater streams. The process is 
considered moderately implementable at the Hanford Site for use in aqueous waste 
treatment systems. 

Effectiveness. Precipitation is an effective method of removing inorganic 
contaminants that form insoluble salts (typically as hydroxides and sulfides); however, 
other contaminants of concern in Hanford aqueous wastes such as tritium and isotopes of 
iodine do not form precipitates. Also, lixiviating ( chelating and complexing) agents can 
interfere with the precipitation process (EPA 1987). Therefore, precipitation is 
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considered to be moderately effective in removing inorganic contaminants from Hanford 
100 Area aqueous waste streams. 

Cost. The cost of precipitation is considered moderate relative to other chemical 
treatment technologies for groundwater due to the need for additional treatment 
processes. Contaminants that do not readily form precipitates would require other 
treatment options. Also, removal and solidification of precipitate residues would be 
required. 

2.14.3 Tritium Treatment 

Applicability. Tritium contamination in groundwater. 

General Description. A number of tritium enrichment techniques have been used 
in the production of thermonuclear materials. These processes have been used to enrich 
and concentrate tritium (Jacobs 1968). Examples include: electrolysis which involves 
dissolution of water resulting in gaseous hydrogen, oxygen, and a concentrate containing 
tritium; thermal diffusion where partial demixing of gases occurs due to a temperature 
gradient and tritium migrates toward the cold region; and distillation, which is based on 
the principle that the rate of escape of an atom from a liquid is inversely proportional to 
its mass. 

Implementability. The volume of groundwater requiring treatment in relation to 
the capacity of the tritium treatment systems make these process very difficult to 
implement. 

Effectiveness. Very dilute tritium could possibly be concentrated by the processes 
described above; however, sufficient enrichment of the tritium to allow unlimited general 
use of the groundwater is uncertain. Therefore, the effectiveness of tritium separation is 
judged uncertain for groundwater cleanup applications. 

Cost. The groundwater macroengineering report indicates that disposal of tritium 
in the PUREX Plant results in costs that are three orders of magnitude greater than 
NRC guidelines for cost effectiveness (WHC 1991d). On this basis, tritium treatment 
costs are judged to be extremely high relative to all other chemical treatment processes 
applicable to groundwater. 

2.14.4 Wet-Air Oxidation (Supercritical Water Oxidation) 

Applicability. Organic contamination in groundwater. 

General Description. Organic contaminants may be oxidized to produce carbon 
dioxide and water under conditions of elevated temperature and pressure. Two 
variations of this technology are wet-air oxidation and supercritical water oxidation 
(presented in order of increasing temperature and pressure). Operating conditions of 
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temperatures up to 600°F and pressures up to 200 atmospheres are necessary for wet-air 
oxidation (Min et al., 1991). Organic contaminants may be partially oxidized to lower 
molecular weight compounds or completely oxidized under these conditions. 
Supercritical water oxidation is similar to wet-air oxidation, but uses a temperature and 
pressure above the critical point of water (705.5°F and 218.3 atmospheres) (RAAS 
1991). Most organic compounds are completely miscible in the water fluid above the 
critical point, and this ensures thorough mixing for more complete oxidation. 

Implementability. Both wet-air (commercially available) and supercritical water 
(innovative process) oxidation techniques are best used for heavily contaminated non
halogenated aqueous waste streams that ensure self-sustaining reactions. Limited 
information concerning organic contamination exists. Should characterization efforts 
indicate organic contamination is present, this technology would be difficult to 
implement. · 

Effectiveness. Supercritical water oxidation is highly effective, yielding 99.99 
percent oxidation efficiency for heavily contaminated waste streams (EPA 1987). Wet
air oxidation is not as effective, but offers cost savings. The technology would not be 
effective for the low concentrations such as those present at the Hanford 100 Area. 

Cost. Wet-air and supercritical oxidation require reactor vessels capable of 
withstanding elevated temperatures and pressures. The reactor must be constructed of 
noncorroding material to prevent degradation by chemical attack. Both processes 
require large amounts of energy to maintain operating conditions. Capital and operating 
costs are considered high relative to other chemical treatment options . 

c:,:J 2.14.S Chemical Reduction 
~ -

Applicability. Hexavalent chromium ion contamination in groundwater. 

General Description. The hexavalent chromium species chromate and dichromate 
are prevalent in Hanford 100 Area groundwater. Chemical reduction of hexavalent 
chromium results in highly insoluble trivalent chromium compounds (Thornton et al., 
1991; Thornton 1991). Reagents such as ferrous sulfate under acidic conditions have 
been tested successfully for hexavalent chromium reduction. The work cited above 
proposed chromium reduction as an in situ treatment. The work done to this point also 
indicates that competing reactions in the presence of Hanford soils can be expected. For 
this reason, and due to the innovative nature of this process, the evaluation of this 
technology is based on using the process ex situ for groundwater under more controlled 
conditions. 

Implementability. Due to its similarity to other chemical treatments, chemical 
reduction of hexavalent chromium is considered moderately implementable as an ex situ 
process, but tests would be required to ascertain effects of other chemical species in 
groundwater. 

C-78 



DOE\RL-92-11 
Draft B 

Effectiveness. The chemical reduction process is innovative. Significant 
laboratory work has resulted in identification of several potentially useful reagents and 
operational conditions. This technique is considered moderately effective due to limited 
work and the lack of a large scale demonstration. 

Cost. The costs for hexavalent chromium chemical reduction are considered 
moderate relative to other chemical treatment technologies for groundwater, due to the 
need for additional treatment processes, such as removal (by filtration) and solidification 
of the resulting suspended solids. 

2.15 SURFACE DISPOSAL 

The following methods of surface disposal are discussed below: 

• surface discharge 
• columbia River 
• above-/below-ground tanks. 

2.15.1 Surface Discharge 

Applicability. Groundwater 

General Description. Surface discharge refers to the disposal of groundwater into 
a soil column. Historically, contaminated aqueous wastes were disposed to the soil 
column which theoretically acted as an absorptive filter for organic contaminants. This 
past practice has resulted in extensive soil and groundwater contamination and thus 
precludes its application for disposal of contaminated liquids. However, surface 
discharge would be applicable for the disposal of treated waste waters and waters 
containing tritium. 

Implementability. Surface discharge of treated aqueous wastes is implementable 
at Hanford. This form of disposal has been used extensively in past waste disposal 
practices and is well developed. Compliance with applicable regulatory standards or 
ARAR waivers would be required for implementation of surface discharge disposal for 
treated waste water. 

Effectiveness. Surface discharge is not an effective method of disposal for 
contaminated groundwater since it does not protect the environment. Discharge of 
treated groundwater may be acceptable if tritium concentrations above MCLs are 
acceptable. 

Cost. The cost of surface discharge is low. Excavation would be required for 
construction of disposal facilities such as infiltration ponds. Inoperable disposal facilities 
would typically b~ decommissioned and replaced by a new facility. Gravity operated flow 
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systems would not require operating resources and standard pumping systems would be 
required on other flow systems. 

2.15.2 Columbia River 

Applicability. Groundwater 

General Description. Discharge to the Columbia River is another disposal 
method applicable only to treated groundwater. Historically, this method of disposal has 
been used for discharge of reactor coolant water. This past practice disposal method has 
resulted in the spread of contamination and thus precludes its application for the 
disposal of contaminated liquids. However, discharge to the Columbia River would be 
applicable for the disposal of treated waste waters which meet regulatory-discharge 
standards. 

Implementability. Discharge to the Columbia River of treated aqueous wastes 
which meet regulatory standards is implementable at the Hanford 100 Area. This form 
of disposal has been used extensively in past waste disposal practices and is well 
developed. Compliance with applicable regulatory standards, such as the National 
Pollutant Discharge Elimination System (NPDES) under the Oean Water Act (CWA), 
are required for discharge of treated waste water to the Columbia River. Discharge of 
contaminated groundwater to the Columbia River would not be acceptable since the 
practice would not protect the environment. 

Effectiveness. Discharge to the Columbia River would be an effective method of 
disposal for treated waste water. The technique has been used effectively for disposal of 
contaminated aqueous wastes in past waste disposal practices at the Hanford 100 Area. 
As noted above, the practice would not be effective for disposal of contaminated 
groundwater. 

Cost. The cost to discharge treated waste water to the Columbia River is low. 
This disposal technique may require construction of outfall structures, similar to those 
used in past disposal practices, or installation of a pipeline to the river. In either case, 
implementation of such a disposal system is relatively inexpensive. 

2.15.3 Above-/Below-Ground Tanks 

Refer to "Above-/Below-Ground Tanks" under Wastewater Disposal, discussed in 
Section 2.8.2. 

2.16 SUBSURFACE DISCHARGE 

The following subsurface discharge methods are discussed below: 
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• deep-well injection 
• reinjection into aquifer 
• crib disposal. 

2.16.1 Deep-Well Injection 
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Refer to "Deep-Well Injection" under Wastewater Disposal, discussed in Section 
2.8.1. 

2.16.2 Reinjection into Aquifer 

Applicability. Groundwater 

General Description. Reinjection into the aquifer refers to the disposal of treated 
groundwater in an aquifer, or as proposed in the groundwater macroengineering study 
(WHC 1991d), injection of contaminated groundwater into a 200 Area aquifer to allow 
natural attenuation and dilution of contaminants. In this FS, groundwater is assumed to 
be returned to the unconfined aquifer beneath the 100 Area using injection wells or 
cribs. 

Implementability. Injection well technology is well developed and considered to 
be technically implementable. Institutional implementability would depend on adequate 
removal of contaminants, acceptability of natural attenuation of tritium, and in the case 
of untreated groundwater, the acceptability of groundwater disposal in an aquifer that 
may not be isolated from receptors. Institutional implementability is considered difficult 
based on the acceptance by regulatory agencies. 

CT1- Effectiveness. Benefits of reinjection include control of the hydraulic gradient. 
Groundwater could be effectively isolated in another aquifer. 

Cost. The cost of reinjecting into the unconfined aquifer is moderate in 
comparison to other groundwater disposal techniques. Injection well construction and 
pumping requirements are the primary capital costs. Operating costs involve utility and 
labor requirements for continuous operation. Periodic maintenance of injection wells 
and pump replacement may also be required. 

2.16.3 Crib Disposal 

Applicability. Treated groundwater. 

General Description. Crib disposal is a subsurface liquid discharge technique 
which allows wastewater to percolate through the soil column to the groundwater. The 
particles of the soil column essentially act as filters by adsorbing contaminants. A crib is 
generally a large width, shallow concrete box, open at the bottom and typically filled with 
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rocks, sand, and/ or gravel. Liquid is dispersed over the large area of rocks and allowed 
to percolate down to groundwater. 

Implementability. Crib disposal is a well developed technology that has been 
used at Hanford since the 1940s. Regulatory acceptance of this disposal technique is 
questionable; however, crib disposal at Hanford would be easily implementable based on 
past experience with the method. 

Effectiveness. The effectiveness of crib disposal in protecting human health and 
the environment is dependent on the contaminant concentrations present in the treated 
groundwater. In general, crib disposal is considered to be highly effective for disposal of 
treated groundwater. 

Cost. The cost of implementing crib disposal for treated groundwater is judged to 
be low in comparison to other subsurface discharge techniques. Construction of crib 
disposal facilities involves excavation, concrete construction, rock emplacement, and 
installation of a liquid dispersion system. Each of these activities is standard practice in 
the construction and earth moving industry. 

3.0 SOILS AND RIVERBANK SEDIMENTS TECHNOLOGY DESCRIPTIONS 

c:::) 
O""l 3.1 ACCESS RESTRICTIONS 

-
Refer to "Solid Waste Technology Descriptions" under Access Restrictions, 

discussed in Section 1.1. 

3.2 MONITORING 

Refer to "Solid Waste Technology Descriptions" under Monitoring, discussed in 
Section 1.2. 

3.3 CAPPING 

Refer to "Solid Waste Technology Descriptions" under Capping, discussed in 
Section 1.3. 

3.4 HORIZONTAL BARRIERS 

Refer to "Solid Waste Technology Descriptions" under Horizontal Barriers, 
discussed in Section 1.4. 
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Refer to "Solid Waste Technology Descriptions" under Vertical Barriers, discussed 
in Section 1.5. 

3.6 RUN-ON/RUNOFF CONTROL 

Refer to "Solid Waste Technology Descriptions" under Run-On/Runoff Control, 
discussed in Section 1.6. 

3.7 REMOVAL 

Refer to "Solid Waste Technology Descriptions" under Removal, discussed in 
Section 1.7. 

3.8 ON-SITE DISPOSAL 

Refer to "Solid Waste Technology Descriptions" under On-Site Disposal, discussed 
in Section 1.8. 

~ 3.9 OFF-SITE DISPOSAL 

Refer to "Solid Waste Technology Descriptions" under Off-Site Disposal, discussed 
in Section 1.9. 

3.10 IN SITU STABILIZATION/SOLIDIFICATION 

The following methods of in situ stabilization/solidification are discussed below: 

• grout injection 
• vibration-aided grout injection 
• shallow soil mixing 
• fixants 
• vitrification 
• ground freezing 
• dynamic compaction. 

3.10.1 Grout Injection 

Refer to "Solid Wastes Technology Descriptions" under Grout Injection, discussed 
in Section 1.10.1. 
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3.10.2 Vibration-Aided Grout Injection 

Refer to "Solid Wastes Technical Descriptions" under Vibration-Aided Grout 
Injection, discussed in Section 1.10.2. 

3.10.3 Shallow Soil Mixing 

Applicability. Contaminated soils and riverbank sediments. 

General Description. Shallow soil mixing (SSM) is an in situ method of mixing 
soils and riverbank sediments with chemical compounds to produce a solidified mass. 
SSM has been designed for applications up to 30 feet deep using a crane-mounted 
mixing head. The mixing head blades are enclosed within a cylinder that opens to 
introduce soil. The cylinder is closed, solidification additives are introduced, and the 
mixing head blades blend the materials into a uniform mixture. The mixture is then 
discharged and the process is repeated at an adjacent location until the entire site is 
treated. Negative pressure is maintained in the mixing head cylinder to induce flow of 
dust and vapor into an air treatment system. 

Implementability. SSM technology is considered moderately implementable at 
the Hanford 100 Area. The technology may prove especially useful for preparing an 
area for a cover (refer to "capping" descriptions in Section 1.3) or for temporary 
stabilization of soils prior to removal. The SSM process has been demonstrated to 
depths of 30 feet or more, but may require site specific pilot testing to verify actual 
penetration depth at the Hanford 100 Area. 

Effectiveness. The SSM process may not effectively contain contamination at 
depths required at the Hanford 100 Area, but may be suited to shallow containment or 
in conjunction with other capping technologies. The potential for weathering of the 
exposed surfaces of the solidified mass should be considered. SSM could be used in 
conjunction with other technologies such as caps to effectively contain contamination. 

Cost. The cost of SSM is considered high relative to other in situ stabilization 
technologies. SSM uses solidification compounds similar to other in situ techniques. 
Operational costs would be a function of the size of contaminated sites to be stabilized. 

3.10.4 Fixants 

Applicability. Contaminated surface soils and riverbank sediments. 

General Description. Fixants are in situ treatment methods to control fugitive 
dust from contaminated areas. They may be applied to the surface of soils and 
riverbank sediments to prevent airborne contamination and to suppress dust during 
operations, such as excavation. Many types of resins, polymers, foams, and bituminous 
materials are available for use as fixants. Application of fixants is a simple process 
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utilizing readily available equipment such as water trucks equipped with spray heads. 
These trucks are commonly used for highway construction projects or for large scale 
construction operations where dust control is required. 

Implementability. Application of fixants is a common dust control method and 
can be accomplished with readily available construction equipment. Fixants can be 
applied to large areas and would be considered easily implementable at the Hanford 100 
Area. 

Effectiveness. Fixants are effective for short periods of time and are affected by 
weather conditions, amount of traffic, and vegetation growth. The use of fixants is 
considered effective for short-term applications such as dust control during excavation. 
The benefits of long-term contaminant control would not be satisfied and other 
containment methods would be required. Fixants are considered to be ineffective for the 
Hanford 100 Area. 

Cost. The cost of using fixants is considered low relative to other technologies. 
The cost is dependent on the type of fixant selected with polymer fixants generally the 
most expensive. 

3.10.5 Vitrification 

Refer to "Solid Wastes Technology Descriptions" under Vitrification, discussed in 
Section 1.10.3. 

3.10.6 Ground Free-zing 

Applicability. Contaminated soils and riverbank sediments. 

General Description. Ground freezing is an in situ stabilization/solidification 
technique for contaminated soils and riverbank sediments. The process can also be 
employed to create a subsurface barrier in saturated soils or riverbank sediments (refer 
to "cryogenic barriers" discussed previously). Moisture in soils and riverbank sediments 
may be frozen to trap contaminants within the frozen zone. The frozen ground is 
significantly less permeable to infiltration and also reduces the mobility of toxic 
contaminants. 

Implementability. Ground freezing is an innovative technology. Hanford 100 
Area soils do not have sufficient moisture to stabilize contaminated areas and addition of 
water could potentially mobilize contaminants. Therefore, ground freezing is judged not 
implementable. 

Effectiveness. Ground freezing for stabilization/solidification is a new application 
of the technology. Based on experimental work, the approach is judged to be generally 
ineffective for application at the Hanford 100 Area but may potentially be effective 
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where the contamination depth is shallow. Long-term effectiveness ( even for shallow 
contamination), however, is highly questionable and this application is judged not 
effective for application at the Hanford 100 Area. 

Cost. Ground freezing for stabilization/ solidification purposes would be very 
expensive. Capital costs for an extensive coolant circulation system are high. Operating 
costs for maintaining soils and riverbank sediments in a cryogenic state for the entire 
Hanford 100 Area would be moderate. The overall cost of ground freezing is judged to 
be high for these reasons. 

3.10. 7 Dynamic Compaction 

Refer to "Solid Waste Technology Descriptions" under Dynamic Compaction, 
discussed in Section 1.10.4. 

3.11 IN SITU BIOWGICAL TREATMENT 

The following methods of in situ biological treatment are discussed below: 

• 
• 
• 

enhanced soil bioremediation 
biodenitrification 
land farming . 

3.11.1 Enhanced Soil Bioremediation 

Applicability. Organic contamination in soils and riverbank sediments. 

General Description. Enhanced soil bioremediation is an in situ biological 
treatment process to remove organic contaminants from soils and riverbank sediments. 
The treatment utilizes bacteria indigenous to the soil or bacteria that have been 
specifically cultured to degrade particular contaminants. Nutrients added to the soil can 
stimulate growth of indigenous bacteria and enhanced degrad_ation capabilities. Bacteria 
specially cultured to degrade a particular contaminant can be added to the soil in 
controlled quantities. · 

Enhanced soil bioremediation involves circulating water that carries nutrients or 
cultured bacteria through the area of contamination. This water is typically allowed to 
percolate into the contaminated site from the surface. Hydrogen peroxide may also be 
injected as an oxygen source to sustain aerobic conditions. Residual products and 
additives are then recovered for recirculation into the site and the process is continued 
until contaminant concentrations at the site satisfy cleanup goals. The applicability of 
the treatment would be controlled by the effective circulation of the nutrient or cultured 
bacteria solutions. Barriers may be used to collect the percolated water for removal by 
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extraction wells. Otherwise, construction of infiltration trenches or subsurface drains 
may be required. 

Implementability. Enhanced soil bioremediation is an innovative technology. 
The process depends on the geologic and hydrologic characteristics of the site. These 
characteristics must be favorable to the recirculation of nutrient or cultured bacteria 
solutions. Ideal conditions include highly permeable soils and a relatively shallow 
groundwater table. 

Implementation of enhanced soil bioremediation would ultimately depend on the 
presence of other contaminants within the soil. Inorganic contaminants such as heavy 
metals and radionuclides could be leached from the soil during injection and introduced 
into the groundwater. Regulatory acceptance of the methodology would need to be 
considered. Enhanced soil bioremediation is considered difficult to implement at the 
Hanford 100 Area due to the potential for spreading contamination into the 
groundwater. 

Effectiveness. Enhanced soil bioremediation has been demonstrated for 
remediation of petroleum contaminated sites in California (Molnaa and Grubbs, no 
date). The process is complicated and requires control of parameters including bacteria 
stimulation or augmentation, temperature, pH, nutrient concentration, moisture content, 
and oxygen availability. Treatability tests would be necessary to determine the 
effectiveness of this treatment at the Hanford 100 Area. The method is most effective 
when the subsurface soils are highly permeable, the soil to be treated is within 20 to 30 
feet of the surface, and the groundwater table is within 30 feet of ground surface 
(Molnaa and Grubbs, no date). The effectiveness of this treatment technology is 
uncertain due to the depths of contamination and groundwater at the Hanford 100 Area. 

Cost. The cost of soil bioremediation is high relative to other in situ degradation 
processes for soils and riverbank sediments. The capital costs for soil bioremediation 
system include an extensive injection/extraction well system with pumps, filters, and 
solution holding tanks. Operating costs result from utility requirements, continuous 
monitoring, and water additives such as nutrients, bacteria, and hydrogen peroxide. 

3.11.2 Biodenitrification 

Refer to "Groundwater Technology Descriptions" under Biodenitrification, 
discussed under Section 2.9.2. 

3.11.3 Land Fanning 

Applicability. Petroleum fuels contamination in soils. 

General Description. Land farming is an in situ biological treatment using 
bacteria to degrade organic contaminants in soils. Bacteria indigenous to the soil or 
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specially cultured can be used depending on the soil characteristics. Nutrients added to 
the soil can enhance degradation by indigenous bacteria. Cultured bacteria can be 
added to the soil in specified quantities. 

Land farming involves the aeration of soils by tilling while simultaneously adding 
constituents required to induce and control biodegradation. These additives may include 
nutrients such as nitrogen and phosphorus, bacteria (if necessary), moisture, and pH 
modifiers. In situ land farming is limited to shallow contamination applications. Ex situ 
land farming requires excavation and spreading of the contaminated soil in shallow lifts 
for remediation. 

Implementability. Land farming has been applied successfully at sites involving 
releases of petroleum fuels to soils. The process involves tilling contaminated soils to 
incorporate additives and ensure the presence of sufficient oxygen. Thus, land farming is 
only applicable to shallow contamination depths. In addition, land farming in the 
presence of inorganic contaminants such as heavy metals and radionuclides could 
potentially spread contamination to the groundwater or surface environment. Land 
farming is considered implementable at the Hanford 100 Area for special applications 
involving petroleum fuel contaminated soils. 

Effectiveness. Land farming is a complicated process and requires control of 
parameters such as bacteria stimulation or augmentation, temperature, pH, nutrient 
concentration, moisture content, and oxygen availability. Land farming is considered 
effective for petroleum fuel contaminated soils which do not involve other contaminants 
such as metals or radionuclides. 

Cost. The cost of land farming is low in comparison with other in situ biological 
treatment technologies. The process requires only occasional monitoring, tilling, and 
incorporation of additives. Land farming is neither maintenance nor labor intensive. 

3.U IN SITU CHEMICAL TREATMENf 

3.U.1 Soil Flushing 

Applicability. Organic and inorganic contamination in soils and riverbank 
sediments. 

General Description. Soil flushing is an in situ treatment method similar to soil 
washing. Soil flushing uses extractant agents to remove contaminants from soils or 
riverbank sediments. Flushing agents may include water, surfactants, solvents, or 
detergents which dissolve contaminants physically or agents which remove contaminants 
chemically such as lixiviating agents, acidic/basic solutions, or reducing/oxidizing agents, 
whose effectiveness may be enhanced by heat. 
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The soil flushing process is similar to leaching operations in the mining industry 
where a solution is allowed to percolate through soil by gravity or forced injection. 
Contaminants are released from the soil and carried in the flushing solutio~ to the 
groundwater. Contaminated flushing solution and groundwater are then recovered 
downgradient through extraction wells. Recovered wastewater is treated to separate 
contaminated flushing agents from clean water. Contaminated flushing agents can be 
treated for reuse in the process or treated for disposal while clean water may be injected 
back into the aquifer. 

Implementability. Soil flushing is considered an innovative technology. Bench 
scale, pilot plant, and field tests have been conducted for removal of organic and heavy 
metal contaminants (Steude and Tucker 1991). Implementation of a soil flushing process 
at the Hanford 100 Area is dependent on the characteristics of the soil and the 
underlying aquifer. Soil and groundwater characteristics must be conducive to injection 
and extraction of flushing solutions. Soil flushing has not received widespread regulatory 
acceptance because of the need for injecting flushing agents and the potential for 
mobilization of contamination to the groundwater. The process requires that mobilized 
contaminants be withdrawn from the groundwater surface by extraction wells or galleries. 
Soil flushing is considered difficult to implement based on these factors. 

Effectiveness. The effectiveness of soil flushing depends on the characteristics of 
the soil and contaminants. Soil flushing is most effective for a single contaminant or 
multiple contaminants with similar solubility characteristics. Difficulties involved with 
soil flushing include limiting reactions to contaminants, monitoring and controlling 
progress, directing treatment through the soil, preventing soil pore plugging, and meeting 
current requirements for residual contaminant levels in treated soils. Treatability tests 
would be required to determine the effectiveness of soil flushing for removing 
contaminants of concern at the Hanford 100 Area. Due to the process difficulties 
described above, the effectiveness of soil flushing is limited. 

Cost. The large volume of contaminated soils and riverbank sediments in the 
Hanford 100 Area may require multiple soil flushing systems operating in parallel. The 
capital costs involved with soil flushing are expected to be moderate in comparison with 
other in situ soil treatment technologies. However, costs associated with secondary 
treatment equipment for contaminated flushing solutions would be significant. 

Operating costs for soil flushing are expected to be moderate in comparison with 
other in situ soil/sediment treatment technologies with the exception of flushing solution 
costs. Continuous operation of injection/ extraction wells and continuous wastewater 
treatment would require frequent equipment maintenance, significant energy usage, and 
a large supply of flushing agents. 

3.13 IN SITU PHYSICAL TREATMENT 

The following methods of in situ physical treatment are discussed below: 
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Refer to "Groundwater Technology Descriptions" under Vapor Extraction, 
discussed in Section 2.10.3. 

3.13.2 Steam Stripping 

Refer to "Groundwater Technology Descriptions" under Steam Stripping, 
discussed in Section 2.12.12. 

3.13.3 Soil Flushing 

Refer to "Soil Flushing" under In Situ Chemical Treatment, discussed m Section 
3.12.1. 

3.13.4 RF Heating 

Applicable Media. Organic contamination in soils and riverbank sediments. 

~ General Description. Radio frequency (RF) heating is an in situ treatment 
process where organic compounds are volatilized by radio frequency energy transmissions 
to the soils or riverbank sediments. The technology is used to enhance the efficiency of 
contaminant removal by other technologies such as vapor extraction. The energy flux 
supplied by RF may be scaled from 2 to 45 megahertz depending on the application. A 
large energy flux is required for thermal decomposition of semi-volatile compounds, 
moderate energy flux to vaporize liquids, and low energy flux to provide a thermal driver 
for VOCs. The gases driven out of the ground are collected on the surface with a vapor 
barrier or collection system. 

Implementability. RF heating is an innovative technology where electrodes 
placed horizontally on the surface above a contaminated zone transmit radio waves 
through the soil to contaminants. The technology is an unobtrusive method for 
enhancing migration of organic contaminants to the surface. Implementation of RF 
heating requires other technologies, such as vapor extraction, carbon adsorption, or vapor 
incineration, for collecting and processing the volatilized organic contaminants. RF 
heating is considered easy to implement at the Hanford 100 Area. 
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Effectiveness. This technology has not been tested for applications similar to the 
Hanford 100 Area. The maximum depth of radio frequency penetration that would 
effectively volatilize organic contaminants is unknown. Moisture in the soil increases 
energy flux requirements to volatilize both the moisture and contaminants. At this stage 
of development, no definitive statement can be made concerning the effectiveness of RF 
heating at the Hanford 100 Area. Treatability studies would be required to assess the 
effectiveness of the process. However, RF heating is considered to have limited 
effectiveness because of the depth of soil contamination in the 100 Area. 

Cost. Cost for RF heating is considered to be high relative to other in situ 
physical treatment options based on high energy needs and the necessity for separate 
collection and treatment processes. Type of contaminants, soil moisture, and 
contamination depth all influence the energy requirements of the process. RF heating is 
not a complete treatment method and would require a collection system such as vapor 
extraction and a treatment system such as carbon adsorption. 

3.13.S Electrical Soil Heating 

Applicability. Organic contamination in soils and riverbank sediments. 

General Description. Electrical soil heating is an in situ soil treatment to extract 
and destroy organic contaminants. The process is under development at Battelle Pacific 
Northwest Laboratory (Stuede and Tucker 1991). The process occurs in two phases: 
soils are first heated to remove moisture and volatilize organic contaminants; then the 
organic compounds are decomposed by reaction with superoxide radicals and ozone 
( created by an air-ion system). Surface containment and subsurface vapor control are 
provided by an above grade off-gas system. 

fR: Implementation. Electric soil heating is an innovative treatment process which 
has been laboratory and bench-scale tested, with pilot-scale tests planned for 1992 
(Stuede and Tucker 1991). Bench-scale tests were performed using sands, clays, and 
loams, with moisture contents ranging from 10 to 55 weight percent (Steude and Tucker 
1991). Hanford 100 Area soils are mostly sand and cobbles with approximately 10 
percent moisture by weight. The results of these tests suggest electrical soil heating may 
be applicable to Hanford 100 Area soils; however, treatability tests would be required to 
determine implementability. The process is considered to be difficult to implement due 
to limited operational experience. 

Effectiveness. Laboratory and bench-scale tests have shown electrical soil heating 
to be effective in removing and destroying organic contaminants such as trichloroethane 
in sand. The maximum depth of contamination at which electric soil heating can be 
effectively applied is unknown. Because of the limited operational experience, 
treatability tests would be necessary to establish the effectiveness of the process. The 
technology is judged to have limited effectiveness due to the depth of contamination in 
soils at the Hanford 100 Area. 
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Cost. Electrical soil heating systems · require high capital output for power 
generators (50-KW represents pilot-scale), off-gas collection systems, and off-gas 
treatment systems. The operating costs are very high due to energy consumption 
requirements. Overall, electrical soil heating is considered to be a very high cost process 
option in comparison to other in situ physical treatment methods. 

3.14 THERMAL TREATMENT 

Refer to "Solid Waste Technology Descriptions" under Thermal Treatment, 
discussed in Section 1.11. 

3.15 STABILIZATION/SOLIDIFICATION 

Refer to "Solid Waste Technology Descriptions" under Stabilization/Solidification, 
discussed in Section 1.12. 

3.16 PHYSICAL TREATMENT 

The following methods of physical treatment are discussed below: 

• 
• 
• 

vapor extraction 
soil washing 
steam stripping . 

3.16.1 Vapor Extraction 

Refer to "Groundwater Technology Descriptions" under Vapor Extraction, 
discussed in Section 2.10.3. 

3.16.2 Soil Washing 

Applicability. Organic and inorganic contamination in soils and riverbank 
sediments. 

General Description. Soil washing is an ex situ treatment process that involves 
the removal of contaminants from soils or riverbank sediments using combinations of 
classification, mechanical scouring, and cleaning agents such as water, surfactants, and 
detergents (EPA 1990c; RAAS 1991). The soil washing process is most effective when 
contamination is concentrated in the fine fraction of soils. The fine fraction is separated 
for secondary treatment or disposal while coarse materials are washed. The coarse 
fraction may be rinsed, monitored for residual contamination, and returned to the site or 
recirculated through the washing process. Contaminated soil fines may be separated 
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from the cleaning solution and treated for disposal by processes such as solidification or 
vitrification. The contaminated cleaning solution may be treated for reuse in the process 
or treated for disposal using processes such as ion exchange or precipitation. Physical 
washing of soil would use water only. Physical soil washing may be enhanced chemically 
using lixiviants, acidic/basic solutions, or reducing/ oxidizing agents which promote 
dissolution of adsorbed contaminants. If chemicals are used the process is ref erred to as 
chemical soil washing. 

Implementability. Soil washing is considered an innovative technology. Soil 
washing systems are currently being developed and tested for removal of organic and 
heavy metal contaminants (EPA 1989a; EPA 1990c ). A smaller fraction of fines would 
remain for disposal or secondary treatment. A soil washing process at the Hanford 100 
Area is considered moderately implementable but subject to treatability tests. 

Effectiveness. The effectiveness of soil washing is dependent on the 
characteristics of the soil and contaminants. Radionuclides, organics, heavy metals, and 
inorganic ion contamination may be found in the Hanford 100 Area soils. Treatability 
tests would be required to determine the effectiveness of soil washing for removal of the 
contaminants of concern. The buffering capacity of soils can reduce the effectiveness of 
chemical soil washing. Limited information on Hanford soils indicates a fairly high 
buffering capacity. Although chemicals can be added to overcome this buffering 
capacity, the effectiveness of the process is considered uncertain in the absence of 
treatability test results. 

Cost. The large volume of contaminated soils and riverbank sediments at the 
Hanford 100 Area may require multiple soil washing units operating in parallel. Soil 
washing system capacities range from 6 to 40 tons of soil per hour (RAAS 1991). The 
capital costs involved with soil washing are expected to be moderate in comparison with 
other ex situ soil treatment technologies. However, additional treatment equipment for 
contaminated cleaning solutions may significantly increase system costs. 

Operating costs for soil washing are expected to be moderate to high in 
comparison with other ex situ soil treatment technologies. The large scale equipment 
required for this process would be automated and therefore require a smaller labor 
force. The majority of operating costs would result from utility requirements and 
replenishment of cleaning agents. Maintenance costs would be a function of the 
operating requirements and life expectancy of the system as well as the corrosivity of the 
contaminants and cleaning agents. 

3.16.3 Steam Stripping 

Refer to "Groundwater Technology Descriptions" under Steam Stripping, 
discussed in Section 2.12.12. 
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The following methods of chemical treatment are discussed below: 

• chemical oxidation 
• soil washing 
• alkali metal dechlorination. 

3.17.1 Chemical Oxidation 

Refer to "Solid Waste Technology Descriptions" under Chemical Oxidation, 
discussed in Section 1.14.1. 

3.17.2 Soil Washing 

Refer to "Soil Washing" under Physical Treatment, discussed m Section 3.16.2. 

3.17.3 Alkali Metal Dechlorination 

Applicability. Halogenated contaminants in soils and riverbank sediments. 

General Description. Chemical dechlorination strips chlorine from organic 
compounds by reaction with alkali metals or in the presence of a catalyst. Alkali metals 
possess great affinity for chlorine or any halide. A new dechlorination reagent is 
referred to as alkali metal/polyethylene glycols (A/PEG). A/PEG reacts rapidly to 
dehalogenate compounds. 

Catalysts may also be used under ambient conditions to substitute hydrogen for 
chlorine but the process does not completely dechlorinate most organic chemicals. 
Catalysts include nickel chloride in alcohol and platinum-based catalysts. Catalytic 
processes occur at elevated temperatures and pressures (up to 375°C and 50 
atmospheres). · 

Implementability. The technology for alkali metal dechlorination is commercially 
available for small applications. The technology is innovative and is considered 
moderately implementable for soils and riverbank sediments. 

Effectiveness. Dechlorination with an alkali metal is considered an effective 
method for dehalogenating organic materials. The effectiveness is limited because most 
reagents are reactive with water. 

Cost. The costs associated with this technology are high due to safety and 
packaging requirements. Capital costs for equipment and operating costs for reagents 
and safety considerations are high. 
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The following methods of biological treatment are discussed below: 

• bioreactors 
• land treatment 
• biodenitrification. 

3.18.1 Bioreactors 

Refer to "Groundwater Technology Descriptions" under Bioreactors, discussed in 
Section 2.11.1. 

3.18.2 Land Treatment 

Applicability. Organic contamination in soils and riverbank sediments. 

General Description. Land treatment is an ex situ biological treatment of organic 
. contaminants in soils. The treatment involves the use of bacteria to degrade organic 
contaminants. Bacteria indigenous to the soil ~r specially cultured bacteria can be used 
depending on the soil characteristics. Added soil nutrients promote the growth of 
indigenous bacteria which enhances degradation. Cultured bacteria can be added to the 
soil in specified quantities. 

Land treatment involves excavating contaminated soils and placing the soil on a 
lined treatment cell. This technique allows better control of treatment parameters such 
as depth of soil and exposed surface area, temperature, nutrient concentration, moisture 
content, and oxygen availability. The liner provides a barrier to contaminant migration, 
thereby protecting the groundwater. 

Implementability. Land treatment is an innovative technology that has been 
demonstrated for remediation of petroleum contaminated sites (Molnaa and Grubbs, no 
date). Implementability of land treatment for degradation of organic contaminants is 
based on the depth of contamination and available space; the depth of contamination 
must be compatible with standard excavation practices and sufficient space must be 
available for placement on the lined cell. Land treatment is considered moderately 
implementable at the Hanford 100 Area due to the availability of excavation techniques 
and treatment space. 

Effectiveness. Land treatment is a complicated process that requires control of 
parameters such as bacteria stimulation or augmei1tation, temperature, pH, nutrient 
concentration, moisture content, and oxygen availability. Treatability studies to 
determine effectiveness of land farming at the Hanford 100 Area would be required. 
Containment of the treatment area is essential to prevent airborne mobilization of 
contaminants such as heavy metals and radionuclides. Land treatment is therefore 
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considered to have limited effectiveness for treatment of Hanford 100 Area soils and 
riverbank sediments. 

Cost. The cost of land treatment is low in comparison with other biological 
treatment technologies. Lined treatment cells and process control additives are 
inexpensive. Land treatment requires occasional tilling to incorporate nutrients and 
monitoring to ensure process control and determine contamination concentrations. The 
process is neither maintenance nor labor intensive. 

3.18.3 Biodenitrification 

Refer to "Groundwater Technology Descriptions" under Biodenitrification, 
discussed in Section 2.11.2. 
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Table C-1. Solid Waste Technologies and Process Options 
(Page 1 or 2) 

Technology Process Option 

Access Restrictions Fencing 
Deed Restrictions 

Monitoring Leachate Monitoring 

Capping Asphalt Based Covers 
Concrete-Based Covers 
Soil/Clay· Covers 
RCRA Multi-media Caps 
Hanford Barriers 
Synthetic Covers 
Vitrification 

Horizontal Barriers Grout Injection 
Cryogenic Walls 
Vitrification 

Vertical Barriers Slurry Walls 
Grout Curtains 
Sheet Pilings 
Cryogenic Walls 
Biological Barriers 

Run-On/Run-Off Control Diversion/ Collection 
Grading 
Revegetation 

Removal Demolition 
Excavation 

On-Site Disposal Trenches/Pits 
Vaults 
Tumulus 
RCRA Landfills 

Off-Site Disposal RCRA Landfills 
DOE Disposal Facilities 
Geologic Repositories 

In Situ Stabilization/Solidification Grout Injection 
Vibration-Aided Grout Injection 
Vitrification 
Dynamic Compaction 
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Table C-1. Solid Waste Technologies and Process Options 
(Page 2 of 2) 

Technology Process Option 

Thermal Treatment Thermal Desorption 
Incineration 
Pyrolysis 
Metal Melting 
Molten Solids Processing 

Stabilization/Solidification Bitumen-Based 
Cement-Based 
Polymer-Based 
Vitrification 

Physical Treatment Size Reduction 
Segregation/Sorting 
Repackaging 
Metal Decontamination 

Chemical Treatment Chemical Oxidation 
Acid Digestion 
Hydrolysis 
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Table C-2. Groundwater Technologies and Process Options 
(Page 1 of 2) 

Technology Process Option 

Access Restrictions Water Rights Restrictions 
Deed Restrictions 

Monitoring Well-Point Monitoring 
Groundwater Monitoring 

Alternate Water Supply Columbia River 
Extension of Nearby Sources 

Horizontal Barriers Same as Solid Waste 

Vertical Barriers Same as Solid Waste 

Hydraulic Control Extraction Wells 
Extraction Drains/Trenches 

Groundwater Extraction Extraction Wells 
Extraction Drains/Trenches 
Aquifer Mining 

Wastewater Disposal Deep-Well Injection 
Above-/Below-Ground Tanks 
Evaporation Ponds 

In Situ Biological Treatment Enhanced Groundwater Bioremediation 
Biodenitrification 

In Situ Physical Treatment Air Stripping 
Permeable Treatment Beds 
Vapor Extraction 
Electrokinetic Separation 

Biological Treatment Bio reactors 
Biodenitrification 
Biosorption 
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Table C-2. Groundwater Technologies and Process Options 
(Page 1 of 2) 

Technology Process Option 

Physical Treatment Ion Exchange 
Evaporation: Passive 
Media Filtration 
Flocculation 
Carbon Adsorption 
Air Stripping 
Reverse Osmosis 
Ultrafiltration 
Electrodialysis 
Dissolved Air Flotation 
Sedimentation 
Steam Stripping 
Evaporation: Forced 
Freeze Crystallization 
Supported Liquid Membrane 

Chemical Treatment (Groundwater) Chemical Oxidation 
Precipitation 
Tritium Treatment 
Wet-Air Oxidation 
Chemical Reduction 

Surface Disposal Surface Discharge 
Columbia River 
Above-/Below-Ground Tanks 

Subsurface Discharge Deep-Well Injection 
Reinjection into Aquifer 
Crib Disposal 
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Table C-3. Soils and Riverbank Sediments Technologies and Process Options 
(Page 1 of 2) 

Technology Process Option 

Access Restrictions Same as Solid Waste 

Monitoring Same as Solid Waste 

Capping Same as Solid Waste 

Horizontal Barriers Same as Solid Waste 

Vertical Barriers Same as Solid Waste 

Run-On/Run-Off Control Same as Solid Waste 

Removal Excavation 

On-Site Disposal Same as Solid Waste 

Off-Site Disposal Same as Solid Waste 

In Situ Stabilization/Solidification Grout Injection 
Vibration-Aided Grout Injection 
Shallow Soil Mixing 
Fixants 
Vitrification 
Ground Freezing 
Dynamic Compaction 

In Situ Biological Treatment Enhanced Soil Bioremediation 
Biodenitrification 
Land Farming 

In Situ Chemical Treatment Soil Flushing 

In Situ Physical Treatment Vapor Extraction 
Steam Stripping 
Soil Flushing 
RF Heating 
Electrical Soil Heating 

Thermal Treatment Thermal Desorption 
Incineration 
Pyrolysis 
Molten Solid Processing 

Stabilization/Solidification Same as Solid Waste 
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Table C-3. Soils and Riverbank Sediments Technologies and Process Options 
(Page 1 of 2) 

Technology Process Option 

Physical Treatment Vapor Extraction 
Soil Washing 
Steam Stripping 

Chemical Treatment Chemical Oxidation 
Soil Washing 
Alkali Metal Dechlorination 

Biological Treatment Bioreactors 
Land Treatment 
Biodenitrification 
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APPENDIX D 

100 AREA CONTAMINATED GROUNDWATER VOLUME ESTIMATES 
AND 

CONTAMINATED RIVERBANK SEDIMENT VOLUME ESTIMATES 
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APPENDIX D 
100 AREA CONTAMINATED GROUNDWATER VOLUME ESTIMATES 

Objective 

To estimate t~e volume of contaminated groundwater in the 100 Area. 

Sources 

1. Jacquish, R. E. and R. W. Bryce, May 1990, "Environmental Monitoring at 
Hanford for 1989," Pacific Northwest Laboratory, Richland, Washington, 
Tritium and Nitrate plume maps, pp. 5.7 through 5.17. 

2. Ammerman, J., "Scaled Map of the 100 Area," 1991, Westinghouse Hanford 
Company (WHC). 

3. Personal communication With Pacific Northwest Laboratory. Top of Ringold 
Middle Member and water table contour maps were obtained from an 
unpublished report. 

Assumptions 

1. Only groundwater above the top of the Middle Ringold Member is potentially 
contaminated (the groundwater in the unconfined aquifer). 

2. The tritium and nitrate plumes (due to their mobility) encompass all other 
contaminant plumes. 

3. The porosity of the Hanford Formation is 20%. 

Conclusion 

It is estimated that approximately 4.8 billion gallons of contaminated groundwater 
lie beneath the 100 Area. 

Methodology 

The plume maps for both tritium and nitrate were projected onto a map of the 
100 Area (Figure D-1). The degree of matching was very good; however, there was 
some deviation near the southern end. This deviation was minimized by obtaining a best 
fit of the shoreline for each reactor area prior to tracing the plume on the map. 

Once the maps were properly aligned. each contaminant plume was traced onto 
the map. The result combines individual contaminant plumes into a single composite 
plume. The horizontal extent could then be estimated. 
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An overlay grid with 1/4 kilometer spacing was used to calculate the horizontal 
extent of each plume in Figure 1. The results for each reactor area are listed below. 

100 B/C 
Northeast of 100 B/C 
100 N and 100 D /DR 
100H 
100 F 

Total 100 Area 

Area Estimate (km2
) 

1.0 
2.3 
8.8 
1.2 

16.5 -
29.8 

Finally, the thickness of the contaminated groundwater was estimated. Figure D-2 
is a contour map of the Top Surface of the Middle Member of the Ringold Formation. 
Figure D-3 is a contour map of the water table. The potentially contaminated aquifer 
lies between the top of Ringold Middle Member and the water table (Assumption 1). 
By subtracting these surfaces, an aquifer thickness of approximately 10 feet was derived 
throughout the 100 Area and along the Columbia River to the 300 Area. The two maps 
have different scales (10 feet for the water table versus 100 feet . for the Ringold 
Member) and this difference may have introduced some error in the estimate of the 
groundwater thickness. 

Assuming a porosity of 20% for the Hanford Formation (Assumption 3), the 
contaminated groundwater volume can be estimated from the following equation. 

VOLUME (gallons) = AREA (ft2) • 10 ft • 7.48 gal/ft3 *0.20 

The result is 4,800,000,000 gallons (641,000,000 ft3 or 23,700,000 yd3
) of 

contaminated groundwater. 

CONTAMINATED RIVERBANK SEDIMENT VOLUME ESTIMATES 

Objective 

To estimate the volume of contaminated riverbank sediments in the 100 Area. 

Sources 

1. Jacquish, R. E. and R. W. Bryce, May, 1990 "Environmental Monitoring at 
Hanford for 1989," Pacific Northwest Laboratory, Richland, Washington, 
Tritium and Nitrate plume maps, pp. 5.7 through 5.17. 

2. Drawing H-1-52166, "100 Area Topographic Mapping," sheets 1 through 55. 
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3. River stage information from conversations with Greg Rupert of the United 
States Geological Survey, Water Resources Division, Pasco, Washington. 

4. Ammerman, J., "Scaled Map of the 100 Area," 1991, Westinghouse Hanford 
Company, (WHC), Richland, Washington. 

Assumptions 

1. Groundwater contaminants were distributed vertically through the soil as bank 
storage increased ( as the river flooded). 

2. Since the beginning of Hanford operations, no groundwater-contaminated soil 
has existed above the highest flood level. 

3. No groundwater-contaminated soil exists below the minimum river level due to 
dilution of contaminants. 

4. The difference between maximum flood and minimum river level is constant 
throughout the 100 Area, and equal to that at the recording station 2.6 miles 
down-stream of Priest Rapids Dam. 

5. The average bank slope calculated is correct for the extent of each 
contamination plume. 

6. Contamination exists where ever a contaminant plume intersects the Columbia 
River. 

7. The tritium and nitrate plumes encompass all other contaminant plumes due 
to their mobility. 

Conclusion 

It is estimated that approximately 8,320,000 bank cubic meters of 100 Area 
riverbank sediments are contaminated. Using a swell factor of 15%, this is 9,568,000 
loose cubic meters or 12.5 million loose cubic yards. 

Methodology 

The plume maps for both tritium and nitrate were projected onto a map of the 
100 Area (Figure 0-4 ). The degree of matching was very good; however, there was 
some deviation near the southern end. This deviation was minimized by obtaining a best 
fit of the shoreline for each area prior to tracing the plume on the map. 

Once the maps were properly aligned, each contaminant plume was traced onto 
the map. The result combines individual tritium and nitrate plumes into composite 
plumes of contaminated groundwater. A single composite plume runs from the 100-N 
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Area to the 100-D/DR Area. From these composite plumes, the face length of 
contamination was then estimated. 

The face length was estimated by marking off fractions of a kilometer along the 
shoreline. A division of 100 meters (0.1 km) accurately matched the shoreline contour. 
Points chosen along each plume near obvious landmarks (fence line intersections, 
islands, etc.) were used for reference to the topographic maps (Reference 2). The 100 
Area topographic mapping drawing (H-1-52166) was used to estimate the slope of the 
beach near the river at each point. At least three slopes were calculated for each 
composite plume (see Figure D-5). The slopes were then averaged for the composite 
plume. 

River stage information was obtained from the United States Geological Survey, 
Pasco, Washington, for the maximum and minimum river elevations. The extremes are 
local and occurred after the reactors began operation (circa 1943). The difference in 
river stage is used as a basis for estimating the vertical extent of contamination in the 
riverbank (see Assumptions 1, 2 and 3). The maximum river level occurred on June 12, 
1948 at 432 feet, national geodetic vertical datum (ngvd). The minimum river level 
occurred on November 3, 1985 at 396.53 feet (ngvd). The difference between the two 
levels is 35.5 feet or 10.8 meters. 

The cross sectional area of potentially contaminated riverbank sediments was 
calculated as the area of a right triangle which has a height equal to the maximum flood 
stage minus the minimum flow stage and a base calculated using the average bank slope 
determined for each contaminant plume. A conservative five meters of additional 
horizontal extent was applied to all areas except 100-K. An exception was made at 100-
K for two reasons: 1) the K-reactors were not in operation at the time of the 1948 
maximum flood; and 2) the bank slope is sufficiently shallow at 100-K that the resulting 
estimate would be excessive. Data for these calculations are presented in Table D-1. 

The volume of potentially contaminated sediments was estimated by multiplying 
the area of the above triangular cross section, Figure D-5, by the riverbank distance 
determined through the mapping exercise. The resulting volume is 8,320,000 cubic 
meters. 
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Figure D-2. Structural Top Surface of the Middle Ringold 
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Figure D-3. Geology of the Water Table 
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AREA POINT RISE RUN SLOPE AVERAGE ANGLE LENGTH HEIGHT DEPTH ADD-DEPTH ADD-HEIGHT TOTAL HEIGHT TOTAL DEPTH VOLUME 

{ml {ml SLOPE {de~I !ml {ml {ml {ml {ml {ml {ml 1m·31 
lOOF A 5 21 0.238 

B 9 137 0.066 
;3 C 7.5 104.5 0.072 

D 7.5 70 0.107 c:r -0.121 6.88 5950 10.82 89.662 5. 0 .603 11 .423 94.662 3,217,044 
~ 

t:, 
I 

100 H E 3 80 0.038 r"" 
F 8.5 38 0.224 

""" G 8.5 80 0.106 g 
0.122 6.98 1200. 10.82 88.342 5. 0.612 11 .432 93.342 640,276 

~ 100 D&DR H 6.5 77 0.084 ~ 
14 82 0.171 

~ J 17.5 38 0.461 < 0 100 N K 17.5 47 0.372 ~ ... 0 L 10 52 0.192 c:r 0 ~ 0 tT1 ..., M 6 85 0.071 = ""1.,,,,,.. 
I 

0.225 12.69 6030. 10.82 48.056 5. 1.126 11 .946 53.056 1,910,907 Iii:" ~ ~ - :::, t""4 

100 KE&KW N 2.5 95 0.026 
[ ttl \0 -· N 

a I 
0 2.5 58 0043 -p 150 0.033 ~ -5 = 0.034 1.96 2050. 10.82 180. o. 0. 10.82 180. 1,996,290 -

~ 
100 B&C a 7.5 37 0.203 -c:: 

R 5 30 0.167 a 
s 10.5 41 0.256 ~ 

T 6 50 0.12 (j 
0 .186 10.56 1500. 10.82 58.058 5. 0.932 11 .752 63.058 555,782 

~ -f) 
c:: 

8,320,299 -TOTAL ~ --· 0 

= 1. Due to the shallow slope, the calculated depth was 315.9 m . This distance overlapped two source units and was therefore reduced to remove the overlap. 
I'll 

2. Zero additional depth added to ensure no overlap with existing source unhs. 
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WIDS ALIAS · OPERABLE SERVICE FACILITY SIZE IDGH 
NUMBER UNIT DATES (feet) PRIORITY 

SITE 

RETENTION BASINS ~ 
116-B-ll 107-B retention basin 100-BC-1 1944-1968 450 X 230 X 24 Yes 

;-

~ 
116-C-5 107-C retention basin 100-BC-l 1952-1969 16 x 330 (diameter) Yes "'"'" . 
116-D-7 107-D retention basin; 100-DR-l 1944-1967 467 X 230 X 24 Yes E-

107-D C: -· Q. 

116-DR-9 107-DR retention basin; 100-DR-l 1950-1965 600 X 273 X -20 Yes 
107-DR ' It 

116-F-14 107-F retention basin; 107-F 100-FR-l 1945-1965 450 X 230 -:~ 24 Yes 

116-H-6* 183-H solar evaporation 100-HR-l 1973-1985 26,400 sq. ft. Yes 
basins 

116-H-7 107-H retention basin; 100-HR-l 1949-1965 600 X 273 X 20 Yes 
107-H 

cs tj .. 
0 rn 

~ tj gl 

i ~~ 
I 

t::D \0 

5· N 
I ..... 

; ..... 
It 

"'"'" 116-KE-4 107-KE retention basin; 100-KR-l 1955-1971 25 x 250 (diameter) Yes 8 
107-KE 

116-KW-3 107-KW retention basin; 100-KR-l 1944-1970 29 x 250 (diameter) Yes 
107-KW 

> a 
~ 
(1Q 
111 

OUTFALL STRUCTURES "'"'" 
0 

116-B-7 1904-Bl outfall structure 100-BC-l 1944-1968 27 X 14 
.... 
N -

116-B-8 1904-B2 outfall structure 100-BC-l 1944-1968 27 X 14 

132-C-2 1904-C outfall; 116-C-4 100-BC-1 1952-1969 Unknown 
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WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH 
NUMBER UNIT DATF.S (feet) PRIORITY 

SITE 

116-D-5 1904-D outfall structure 100-DR-l 1944-1967 60 X 24 Yes ~ 
116-DR-5 1904-DR outfall structure; 100-DR-l 1950-1965• 27 X 14 Yes 

1904-DR 

ti' 
~ 
~ . 

116-F-8 1904-F outfall structure 100-FR-l 1945-1965 27 X 14 t""4 
.25· 

PNL outfall 100-FR-l ?-1963 Unknown C: -· Q. 

116-H-5 116-H-5 outfall structure; 100-HR-1 1949-1965 27 X 14 
1904-H outfall structure ~ 

ft 

116-K-3 1904-K outfall structure; 100-KR-1 1955-present 32 X 32 
1908-K outfall structure 

Source: DOE-RL 1991a; DOE 1990a-f; DOE 1991a-f 
? Exact service dates unknown. 

a. t1 
rn 0 
~ t:1~ 

i ~ ~ 
I 

t,:j \0 

5· N 
I ..... 

* RCRA TSD Unit ;. ..... 
ft 
~ 

8 

i 
1 
(SQ 
ft 
N 
0 .... 
N -



WIDS ALIAS OPERABLE SERVICE FACILITY SIZE IDGH PRIORITY 
NUMBER UNIT DATES (feet) SITE ~ 

PLUTO CRIBS ti' 

116-8-3 105-8 pluto crib 100-8C-1 1951-1952 10x10xll Yes 
~ 
N . 

116-C-2A 105-C pluto crib; 116-C-2 100-8C-2 1952-1968? 140 X 100 X 20 r 
116-C-28 105-C pluto crib pump station; 100-8C-2 1952-1969 10 X 8 

116-C-2- l 

C ... a. 
~ 

l 16-C-2C 105-C pluto crib sand filter; 100-8C-2 1952-1969 23 X 16 X 6 
116-C-2-2 ! 

t:, 
116-D-2 105-D pluto crib 100-DR-l 1950-1952 10 X 10 X 10 Yes 

116-DR-4 105-DR pluto crib 100-DR-2 1952-1953 10 X 10 X 15 

116-F-4 105-F pluto crib 100-FR-l 1950-1956? 10 X 10 X 10 

116-H-4 105-H pluto crib 100-HR-1 1950-1952 4x4x2 Yes 

p;;· 

l 0 
0 

0~ 
::1 . ~~= 
5: I 

o:1 '° N ... I ~- ...... ...... 
DUMMY /PERF DECONTAMINATION CRIBS Er 

116-8-4 105-8 dummy decontamination 100-8C-1 1957-1968 20 x 4 (diameter) Er 
C'D 

french drain; 105-8 dummy 
decontamination disposal crib 

~ g 

l 16-8-6A 111-8 crib No. l; 116-8-6-1 100-8C-l 1951-1968 12 X 8 X 15 Yes i 
116-8-68 111-8 crib No. 2; 116-8-6-2 100-8C-1 1950-1953 4x8x8 Yes 

116-F-10 105-F dummy decontamination 100-FR-1 1948-1965 20 x 3 (diameter) l 
C'D 

french drain; 105-F dummy/perf 
decontamination crib 

~ 

0 .... 
~ 

116-H-3 105-H dummy decontamination 100-HR-l 1950-1965 15 x 3 (diameter) Yes 
french drain; perf decontamination 
drain 



~ 
I 

N 
er 

WIDS 
NUMBER 

116-8-5 

116-8-10 

116-D-3 

116-D-4 

116-KE-l 

I 16-KW-l 

116-8-12 

116-D-9 

I 16-DR-8 

116-F-7 

116-H-9 

116-DR-7 

116-F-5 

116-KE-2 

ALIAS 

108-8 crib 

108-8 dry well ; quench tank 

108-D crib #I 

108-D ·crib #2. 

115-KE condensate crib 

115-KW condensate crib 

117-8 crib 

117-D crib; 117-D 

117-DR crib 

117-F crib 

117-H crib 

105-DR inkwell crib 

Ball washer crib 

1706-KER waste crib 

93130 i !Li 937 

OPERABLE SERVICE 
UNIT DATES 

108 BUILDING CRIBS 

100-8C-l 1950-1%8 

100-8C-l 1950-1%8 

100-DR-1 1951-1%7 

100-DR-l 1956-1957 

115 BUILDING CRIBS 

100-KR-2 1955-1971 

100-KR-2 1955-1970 

117 BUILDING CRIBS 

100-BC-1 1961-1968 

100-DR-1 1960-1967 

100-DR-2 1960-1964 

100-FR-1 1960-1965 
I 

1960-1965 100-HR-1 

MISCELLANEOUS CRIBS 

100-DR-2 1953 

100-FR-l 1953-1964? 

100-KR-2 1955-1971 

FACILITY SIZE HIGH PRIORITY 
(feet) SITE ~ 

;;-

84 X 16 X 10 Yes 
t;i1 
N . 

7 x 3 (diameter) ~ 
.25· 

5 x 3 (diameter) Yes 
C -· Q., 

5 x 3 (diameter) Yes ~ 
l 
ni 

t:, 
40 X 40 X 26 

40 X 40 X 26 

i;;· 

i t1 
0 - t1 ~ 

:1 ~~ n I 

lOxlOxlO E: t:;d IO 
N .... I ~- ..... ..... 

10 X 10 X 10 Yes Er 
IO x IO x 10 ~ ~ 

ni 

10 x 4 (diameter) 
.... 
8 

10 X 10 X 10 Yes > a 
5x5xl0 l 

ni 

lOxlOxlO N 
0 ..., 

16 X 16 X 32 ~ 

\ 



e1 
I 

N 
(') 

WIDS 
NUMBER 

116-B-9 

116-D-6 

116-F-ll 

116-F-12 

116-F-13 

116-KE-3 

116-KW-2 

120-KE-l 

120-KE-2 

120-KW-l 

120-KW-2 

ALIAS 

104-B-2 French drain 

105-D cushion corridor French 
drain 

105-F cushion corridor French 
drain 

148-F French drain 

1705-F experimental garden 
French drain 

108-F French drain 

105-KE storage basin French 
drain; 105-KE basin reverse well 

105-KW storage basin French 
drain, 105-KW basin reverse well 

183-KE filter waste facility dry 
well; 100-KE-l; 183-KE filter 
water facility 

183-KE filter waste facility 
French drain; 100-KE-2; 183 KE 
filter water facility 

183-KW filter water facility dry 
well; 100-KW-1 

183-KW filter water facility 
French drain; 100-KW-2 

OPERABLE SERVICE 
UNIT DATES 

FRENCH DRAINS 

100-BC-l 1952-1954 

100-DR-1 1961-1967 

100-FR-1 . 1953-1965 

100-FR-1 1944-1964 

100-FR-1 1952-1976 

100-FR-1 Unknown 

100-KR-2 1955-1971 

100-KR-2 1955-1970 

100-KR-3 1955-1971 

100-KR-3 1955-1971 

100-KR-3 1955-1970 

100-KR-3 1955-1970 

FACILITY SIZE fflGH PRIORITY 
(feet) SITE ~ 

O' ;-

3 x 4 (diameter) ~ 
N . 

3 x 3 (diameter) Yes ~ .... 
.c 
C .... 

3 x 3 (diameter) 
c.. 
~ 

6 x 3 (diameter) i 
C, 

3 x 3 (diameter) 

Unknown Yes 

78 x 20 (diameter) 

I 0 
0 

0~ 
:1 ~~ n I 

e to \0 
,. 

~ N .... I 

m ...... ...... 
78 x 20 (diameter) 5· 

Er 
tD 

4x4x4 .... 
8 

3 x 3 (diameter) 

. 

i 
i 
CM 

4x4x4 C) .... 
~ 

3 x 3 (diameter) 



~ 
I 

N 
0. 

WIDS 
NUMBER 

116-8-1 

116-C-l 

116-OR-l 

116-OR-2 

116-F-2 

116-H-1 

116-K-1 

116-8-2 

116-O-lA 

116-0-18 

116-OR-3 

116-F-3 
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ALIAS OPERABLE SERVICE 
UNIT DATES 

LIQUID WASTE DISPOSAL TRENCHES 

107-8 liquid waste disposal trench I00-8C-l 1946-1955 

107-C liquid waste disposal trench I00-8C-l 1952-1968 

107-OR liquid waste disposal 100-OR-l 1950-1967? 
trench #1 

107-OR liquid waste disposal 100-OR-l 1952-1967 
trench 112 

107-F liquid waste disposal trench 100-FR-l 1950-1965 

107-H liquid waste disposal trench 100-HR-l 1952-1965 

100-K crib; 100-K pond; 116-K-l 100-KR-l 1955 
trench; 107-K pond; 107-K(E) 
sump 

105 STORAGE BASIN TRENCHES 

105-8 storage basin trench I00-8C-l 1946-1946 

105-0 storage basin trench #1 100-OR-l 1947-1952 

105-0 storage basin trench 112 100-OR-l 1953-1967 

105-OR storage basin trench 100-OR-2 1955 

105-F storage basin trench 100-FR-l 1947-1951 

FACILITY SIZE IDGH PRIORITY 
(feet) SITE ~ 

~ er 
;' 

200 X 30 X 15 Yes ~ 
N . 

500x50x25 Yes ~ .c· 
300 X (5 X 20 Yes C ... 

Q. 

~ 
150 X 10 X 20 Yes l n, 

t:, 
300 X 50 X 15 Yes 

200 X 25 X 15 Yes 

400 X 400 X ? at Yes 
top 

fii• 

1 0 
0 - 0~ 

:1 ~ ~ n I = t::d \0 
N ... I 

if .... .... 
er 

75 X 10 X 15 Yes 
;. 
n, ... 

130 X 10 X 6 Yes 8 
100 X 10 X 15 Yes i 
(J()x40xl0 

100 X (10 to 20) X Yes i 
n, 

(8 to 11)? ,,. 
0 .... 

. ~ 



~ 
I 

N 
0 

WIDS 
NUMBER 

116-DR-6 

116-F-6 

116-H-2 

116-B-l 3 

116-B-14 

116-F-l 

116-F-9 

116-K-2 

120-KE-3 

ALIAS OPERABLE SERVICE 
UNIT DATES 

1608 TRENCHES 

1608-DR liquid disposal trench 100-DR-2 1953-1%5 

1608-F liquid waste disposal 100-FR-l 1952-1%5 
trench; 105-F cooling water 
trench 

1608-H liquid waste disposal 100-HR-l 1953-1965 
trench, 1608-H crib and trench 

SLUDGE TRENCHES 

107-B south sludge trench 100-BC-l 1952 

107-B north sludge trench 100-BC-l 1948 

107-0, 107-DR sludge disposal 100-DR-l 1953-unknown 
trenches 

MISCELLANEOUS TRENCHES 

Lewis Canal 100-FR-l 1953-1965 

Animal waste leaching trench 100-FR-l 1963-1976 

EM bypass ditch 100-FR-l 1954-unknown 

Basin leak ditch 100-FR-l 1955-unknown 

100-K mile long trench; K trench; 100-KR-l 1955-1971 
116-K-2 trench 

100-KE-3 ; 183-KE filter water 100-KR-3 1955-1970 
facility trench 

• 
FACILITY SIZE IDGH PRIORITY 

(feet) SITE ~ 
O" -~ 

50xl0xl0 
~ 
N . 

300 X 100 X 10 Yes ~ -· .0 
C -· Q. 

275 X 100 X 6 Yes ~ 
It 
~ 

~ 
,;;· 

50x50xl0 

120 X 10 X 10 
l 0 

0 

i~ 
~ ::!>~ n I 

5 trenches E: tx:l '° N .... I ffi. ..... ..... 
s· 

3000 X 40 X 10 Yes 
Er 
~ 

~ 

~500 X 15 X 10 Yes g 
> 

350 x unknown a 
500 x unknown j 
4000 X 45 X 15 Yes IIQ 

~ 

(II 

0 .... 
40x3x3 ~ 



WIDS ALIAS OPERABLE SERVICE FACILITY SIZE IDGH PRIORITY 
NUMBER UNIT DATES (feet) SITE ~ 

MISCELLANEOUS LIQUID WASTE DISPOSAL UNITS ti' 

120-8-1 105-8 battery acid sump 100-8C-l 1944-1969 
~ 
N . 

120-D-1 • 100-D ponds 100-DR-l 1977-present Yes ~ ... 
.c 

132-D-3 1608-D waste water pumping 100-DR-l 1944-1965 20 X 20 X 36 Yes = ... 
Q, 

station; 1608-D effluent pumping 
station ~ 

l 
132-H-3 1608-H waste water pumping 100-HR-1 1949-1965 36 X 34 Yes 

station; 116-H-8; 1608-H effluent 

~ 

t; 
Gj· 

pumping station 

120-KE-8 165-KE brine pit 100-KR-2 1955-1971 16 X 10 X 10 

120-KE-9 183-KE brine pit 100-KR-3 1955-1971 23 X 17 X 10 

120-KW-6 165-KW brine pit 100-KR-2 1955-1970 16 X 10 X 10 

I 0 
0 - 0~ 

:1 ~ ~ n I 

IE t::d \0 
N .... I ... 

~ 
...... ...... 

120-KW-7 183-KW brine pit 100-KR-3 1955-1970 23xt7xl0 5· 
;. 

Source: DOE-RL 1991a; DOE 1990a-f; DOE 1991a-f 
? Exact information is unknown. 
• RCRA TSD Unit 

~ 

1--' g 
> a 
l 
~ 

00\ 
0 ..... 
~ 
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WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY 
NUMBER UNIT DATES (feet) SITE 

105 BURIAL GROUNDS ~ 
O" 

118-B-1 105-B burial ground 100-BC-4 1944-1973 1000 X 321 X 20 

118-C-l 105-C burial ground 100-BC-4 1953-1969 510 X 400 X 15 

Ii' 

~ 
~ . 

118-D-2 100-D burial ground 112 100-DR-3 1949-1970 1000 X 3(i() X 20 (/l 
e = 

118-D-3 100-D burial ground 113 100-DR-3 1956-1973 1000 X 250 X 20 Q. 

~ 
118-F-l Minor construction burial ground 112; 100-FR-2 1954-1965 600 X 500 X 20 

burial ground Ill; solid waste burial I 
ground No. 2 t:, 

,;;· 
118-H-l 100-H burial ground No. l 100-HR-2 1949-1965 700 X 350 X 20 

118-K-l 100-K burial ground; 118-K 100-KR-2 1953-1975? 1200 X 600 X 20 

TRITIUM SEPARATIONS PROJECT BURIAL GROUND 

118-B-6 108-B solid waste burial ground 100-BC-3 1952-1953 40x40x20 

l 0 
0 

:1 
o 91 
~~ E: I 

txi \0 

[· N 
I --

BIOLOGICAL BURIAL GROUNDS ES-

Er 
118-F-5 PNL sawdust repository 100-FR-2 1954-1975 500 X 150 X 15 

ttl .... 
118-F-6 PNL solid waste burial ground 100-FR-2 1965-1973 400 X 200 X 20 

ASH PITS 

8 

i 
126-B-1 184-B power house ash pit; 188-8 ash 100-BC-l 1944-1969 Unknown 

disposal area i 
ttl 

126-D-l 184-D powerhouse ash pit; 188-D ash 100-DR-l 1950-19(,() Unknown 
.... 
e 

disposal area; 100-D ash disposal 
basin 

.... 

.1:1,. -
126-F-l 184-F powerhouse ash pit; 188-F ash 100-FR-2 1944-1965 Unknown 

disposal area 



93130 f :L 1943 

WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY 
NUMBER UNIT DATES (feet) SITE 

126-H-l 184-H powerhouse ash pit; 188-H ash 100-HR-2 1948-1965 Unknown 
disposal area 

~ er 
ii' 

BURN PITS ~ 
~ . 

128-8-1 100 8/C burning pit; 100-8 burning 100-BC-l 1943-1950 100 X 100 X 10 rn 
pit e = Q., 

128-8-3 100-8 dump site 100-BC-l 1944-1968 450 X 60 ~ 
128-C- l 100-C burning pit 100-BC-l unknown 225 X 125 l 

tD 

128-D-l 100 D/DR burning pit 100-DR-3 1944-1967 100 X 100 X 10 t:, 
fii• 

128-F- l 100-F burning pit ; 100-F burning pit 100-FR-2 1945-1965 100 X 100 X 10 
No. 1 

128-F-2 Burning pit 100-FR-l 1945-1965 150 X 60 

128-H-l 100-H burning pit ; 100-H burning pit 100-HR-2 1949-1965 100 X 100 X 10 
No. I 

i 0 
0 - 0~ 

::1 ~~ E: I 

t::d IO .... N -· ~ I ...... ...... 
5· 

128-H-2 100-H burning ground #2 100-HR-2 Unknown-1965 120 X 80 Er 
tD 

128-H-3 100-H burning ground #3 100-HR-2 Unknown Unknown .... 
8 

128-K-l 100-K burning pit 100-KR-3 1955-1971 100 X 100 X 10 

128-K-2 100-K construction dump 100-KR-3 unknown 800 X 280 i 
STORAGE VAULTS/CAVES l 

tD 
118-C-4 I 05-C horizontal control rod storage 100-BC-2 1950-1969 1000 X 40 X 25 N 

cave e .... 
118-F-7 100-F miscellaneous hardware storage 100-FR-2 1945-1965 16 X 8 X 8 ~ 

vault 



~ · 
I w 

() 

WIDS 
NUMBER 

118-KE-2 

118-KW-2 

118-B-5 

118-D-5 

118-H-4 

126-B-2 

126-B-3 

126-D-2 

126-DR-I 

126-H-2 

126-K-1 

118-B-2 

118-B-3 

118-B-4 

118-B-6 

118-B-7 

93130 I :L 19~11 

ALIAS(ES) OPERABLE SERVICE FACILITY SIZE 
UNIT DATES (feet) 

105-KE horizontal control rod storage 100-KR-2 1955-1971 1000 X 40 X 25 
cave 

105-KW horizontal control rod storage 100-KR-2 1955-1971 1000 X 40 X 25 
cave 

BALL 3X BURIAL GROUNDS 

Ball 3X burial ground 100-BC-1 1953 50x50x20 

Ball 3X burial ground 100-DR-2 1954 2-20x40xl0 
each 

Ball 3X burial ground 100-HR-2 1953 150 X 30 X 10 

DEMOLITION SITES AND LANDFILLS 

183-8 clearwells 100-BC-I never used 751 X 135 

184-B coal pit 100-BC-l 1970' s-present 400 X 225 

184-D coal pit 100-DR-1 1970's-1986 

190-CR clearwell tank pit 100-DR-2 1970's-present 42 X 525 

183-H clearwells 100-HR-1 1970's-present 751 X 135 

100-K gravel pit 100-KR-2 1970' s-present 

MISCELLANEOUS SOLID WASTE DISPOSAL SITES 

Construction burial ground No. 1 100-BC-3 1952-1956 <i0x30xl0 

Construction burial ground No . 2 100-BC-3 1956-19(i() 350 X 275 X 20 

105-B spacer burial ground 100-BC-3 1956-1958 50 X 30 X 15 

108-8 solid waste burial ground 100-BC-3 1952-1953 40x40x20 

111-B solid waste burial site 100-BC-l 1951-1968 8x8x8 

HIGH PRIORITY 
SITE 

~ 
ii' 
~ 
~ . 
r,J 
0 
c:: 
Q., 

~ 
l 
tD 

t::i 
Pii' 

1 0 
0 - ~~ ~ ~~ = I 

to \0 pot. N .... 
~ 

I ..... ,_. 
e· 
Er 
tD 
~ g 

i 
l 
tD 

~ 

0 ..., 
~ -



93130 ! !L 1945 

WIDS ALIAS(ES) OPERABLE SERVICE FACILITY SIZE HIGH PRIORITY 
NUMBER UNIT DATES (feet) SITE 

118-8-10 Pit 100-8C-l unknown 48 X 18 ~ ., 
0"' 

128-8-2 Sand blast disposal site 100-BC-l unknown unknown 

118-D-l 100-D burial ground No. 1 100-DR-3 1944-1967 450 X 375 X 20 

ti" 

~ 
w . 

118-D-4 Construction burial ground 100-DR-3 1953-1967 600 X 200 X 20 r,) 
0 = 

118-DR-1 105-DR gas loop burial ground 100-DR-3 1963-1964 125 X 75 X 15 C. 

~ 
118-F-2 Burial ground No. 2; solid waste 100-FR-2 1945-1965 368 X 326 X 20 

burial ground No. 1 i 
t:;:j 

118-F-3 Minor construction burial ground No. 100-FR-2 1952 175 X 50 X 15 
1; burial ground No. 3 

118-F-4 115-F pit; 115-F crib 100-FR-2 1949 10 X 10 X 10 

120-F-l Glass Dump 100-FR-2 ? 30x8x4 

118-H-2 H-1 loop burial ground; 100-H burial 100-HR-2 1955-1965 140 X 50 X 15 

p;j• 

i 0 
0 - 0 ~ 

~ ., ~~ n = I 

to \0 
"' N .... 
fl I ..... ..... 

ground No. 2 er 
118-H-3 Construction burial ground 100-HR-2 1953-1957 300 X 200 X 20 Go 

~ .... 
118-H-5 105-H thimble pit 100-HR-2 1953-1960 30x10x2 8 
Source: DOE-RL 1991a; DOE 1990a-f; DOE 199la-f 
? Exact information unknown. i 

~ 
IJQ 
~ 

~ 

0 .... 
~ 



WIDS ALIAS OPERABLE SERVICE FACILITY HIGH PRIORITY 
NUMBER UNIT DATES SIZE SITE 

(feet) 

116-N-l"' 1301-N liquid waste disposal facility; 100-NR-l 1964-1985 125 X 290 X 12 
1301-N crib and trench w/ 1600 

extension trench 

116-N-2 1310-N chemical waste storage tank; 100-NR-l 1964-present 900,000 gallons Yes ~ 
~ 

the golf ball; 1310-N waste storage C"' -~ area 

116-N-3• 1325-N liquid waste disposal facility; 100-NR-l 1983-present 250 X 240 w/ ~ . 
1325-N crib and trench 3000 X 10 X 7 .... 

extension trench g 

116-N-4 1300-N emergency dump basin 100-NR-1 1963-1973 130 X 80 X 15 
1963-1987 (1) (1) 

116-N-8 163-N mixed waste and hazardous 100-NR-l 1986-present 152 X (i() 

waste container storage pad; 116-N-8 
storage pad 

z 
0 

i 0 
0 tr1 

~ ~~ 
I 

i t0 \0 
N 
I ...... 

118-N-1 100-N Area silos; 100-N Area spacer 100-NR-1 1963-present 20 X 16 
silos; 118-N (diameter) 

~ ...... 

I 
120-N-l 1324-NA percolation pond 100-NR-1 1977-present 29,000 sq. ft. Yes l 

~ 

120-N-2 1324-N surface impoundment 100-NR-1 1986-1988 140 X 75 X 15 Yes .... 
0 

120-N-3 163-N neutralization pit and French 100-NR-l 1963-1988 8x25x8 
drain 1963-present vault; 4-6 

.... 
. ~ 

(1) diameter drain 
(1) 

120-N-4 1310-N hazardous waste staging area; 100-NR-l 1985-present 100 X 75 
1310-N waste oil storage pad; 1310-N 
non-hazardous waste pad 



931]019.,1947 

WIDS ALIAS OPERABLE SERVICE FACILITY fflGH PRIORITY 
NUMBER UNIT DATES SIZE SITE 

(feet) 

120-N-5 108-N/163-N transfer line 100-NR-1 1963-present 2- 6 X 6 X 10 
neutralization pit vaults (1) 

120-N-6 108-N acid tank vent French drains 100-NR-1 1963-1988 5- 2 ft diameter 
drains ~ 

~ 
0'" 

120-N-7 100-N acid unloading facility French 100-NR-I 1963-1987 4 x 3 (diameter) 
drain (I) 

ii' 

~ . 
120-N-8 163-N sulfuric acid tank vent French 100-NR-l 1963-1988 4-6 (diameter); ~ 

drain depth unknown 8 
124-N- l 124-N-l septic tank; 100-N sanitary 100-NR-1 1963-present 2300 gal/day; 

sewer system No. l 200 sq. ft. 
infiltration area 

124-N-2 124-N-2 septic tank; 100-N sanitary 100-NR-1 1963-present 2300 gal/day; 
sewer system No. 2 200 sq. ft . 

z 
0 • 0 a 0~ 

~ fil, ~ 
I 

11 t:d \0 
N 

n, I -infiltration area d -
124-N-3 124-N-3 septic tank; 100-N sanitary 100-NR-I 1982-present 45 gal/day; 500 I 

sewer system No. 3 gallon cess pool 

124-N-4 100-N sanitary sewer system No. 4; 100-NR-I 1963-1987 14,000 gallon; 
l 
n, 

124-N-4 septic tank 8900 sq. ft. 
infiltration area 

N 
0 .... 
~ -124-N-5 100-N sanitary sewer system No. 5; 100-NR-I 1981-1987 3700 gallon; 

124-N-5 septic tank 9(i() sq. ft. 
infiltration area 



WIDS ALIAS OPERABLE SERVICE FACILITY fflGH PRIORITY 
NUMBER UNIT DATES SIZE SITE 

(feet) 

124-N-6 100-N sanitary sewer system No. 6; 100-NR-l 1979-1984 2000 gallon; 
124-N-6 (j()() sq. ft. 
septic tank infiltration area 

(800 sq. ft. in 
(l)) ~ 

O" 
Ii' 

124-N-7 100-N sanitary sewer system No. 7; 100-NR-l 1984-1987 7500 gallon; 
124-N-7 septic tank 5500 sq. ft. ~ 

infiltration area 
. 
"""' 124-N-8 100-N sanitary sewer system No. 8; 100-NR-l 1983-1987 5000 gallon; 8 

124-N-8 septic tank t650 sq. ft. 
infiltration area 

124-N-9 124-N-9 septic tank; 100-N sanitary 100-NR-l 1985-present 3000 gallon; 
sewer system No. 9 3500 sq. ft. 

infiltration area 

z 
0 

a 0 
o 91 

~ ~~ 
l 

I 

o:l \0 
N 

~ I ...... 
124-N-10 124-N-10 sanitary sewer system; 100- 100-NR-l 1987-present 50,000 gal/day 

N central sewer system No . 10 

c ...... 
e. 
~ 

128-N-l 100-N burning pit; 128-N-1 burning 100-NR-l 1963-1989 unknown 
pit 1962-1986 .(1) l 

~ 

130-N-l 183-N backwash discharge pond; 183- 100-NR-l 1983-present 
~ 

0 
N filter backwash pond; 126-N-l 

..., 
~ -South settling pond 100-NR-l 1977-1983 110 X 50 X 15 Yes 

Source: DOE-RL 1991a; DOE 1990d,e 

"' RCRA TSO unit 
(1) Information from DOE-RL 1991a and DOE 1990d,e differs. 
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• DOE\RL-92-11 
Draft B 

Table ~S. 100 Area Sanitary Sewer Systems (Page 1 or 2) 

WIDSNUMBER OPERABLE UNIT SERVICE DATES 

1607-Bl 100-BC-1 1944-1960 

1607-B2 100-BC-1 1944-present 

1607-B3 100-BC-1 1944-1974 

1607-B4 100-BC-1 1944-present 

1607-B5 100-BC-1 1944-1988 

1607-B6 100-BC-l 1944-present 

1607-B7 100-BC-1 1951-1969 

1607-BS 100-BC-2 1951-1969 

1607-B9 100-BC-4 unknown 

1607-D1 100-DR-3 1944-1965 

1607-D2 100-DR-1 1944-present 

1(,(}7-D3 100-DR-2 1944-present 

1607-D4 100-DR-1 1944-1968 

1607-D5 100-DR-1 1944-present 

1607-Fl 100-FR-2 1944-19(,() 

1607-F2 100-FR-1 1944-1988 

1607-F3 100-FR-1 1944-1965 

1607-F4 100-FR-1 1944-1965 

1607-F5 100-FR-1 1944-1965 

1(,(}7-F6 100-FR-1 1945-1975 

1607-Hl 100-HR-2 1948-present 

1607-H2 100-HR-1 1949-1965 

1607-H3 100-HR-2 1948-1968 

1607-H4 100-HR-1 1948-1965 

ET-5a 



DOE\RL-92-11 
Draft B 

Table E-5. 100 Area Sanitary Sewer Systems (Page 2 or 2) 

WIDSNUMBER OPERABLE UNIT SERVICE DATES 

1607-Kl 100-KR-3 1955-present 

1607-K2 100-KR-3 1955-present 

1607-K3 100-KR-3 1955-1970 

1607-K4 100-KR-2 1955-present 

1607-K5 100-KR-3 1955-present 

1607-K6 100-KR-2 1955-present 

Source: DOE-RL 1991a 

ET-Sb 



WIDS ALIAS OPERABLE SERVICE FACILITY SIZE IIlGH 
NUMBER UNIT DATES (feet) PRIORITY 

SITE 

116-C-3 105-C chemical waste tanks 100-BC-2 Never used 27,000 gal ~ 
118-C-2 105-C ball storage tank 100-BC-2 1969 5 x 6 (diameter) 

130-D-l 1716-D gasoline storage tank 100-DR-l 1944-1968 1,000- 4,999 gallon Yes 

;-

~ . 
130-K-l 1717-K gasoline storage tank 100-KR-2 1955-1972 Unknown f-
130-K-2 1717-K waste oil storage tank 100-KR-2 1955-1972 Unknown 

130-K-3 182-K emergency diesel oil 100-KR-3 1955-1971 17,500 gallons (2 
storage tank; 182-K emergency tanks) 
cooling flow diesel tank 

l 16-KE-6A 1706-KE condensate collection 100-KR-2 1986-present 96 gallon 
tank; 1706-KE waste treatment 
system 

116-KE-68 1706-KE waste treatment 100-KR-2 1986-present 30 gallon 
system; 1706-KE evaporation 
tank 

~ 

f 
~ t:1 
l 0 

t:1 tT1 
~ 

~ ~ ~ ~ e. I 

to \0 
~ N 

I 

5· --g. 
~ 

l 16-KE-6C 1706-KE waste accumulation 100-KR-2 1986-present 550 gallon 
tank; 1706-KE waste treatment 
system 

~ g 

i 
116-KE-6D 1705-KE waste treatment 100-KR-2 1986-present 5 cu. ft. 

system; 1706-KE ion exchange z 
column ~ 

~ 

120-KE-4 183-KEl sulfuric acid storage 100-KR-3 1955-1971 10,109 gallon 0 .... 
tank N -

120-KE-5 183-KE2 sulfuric acid storage 100-KR-3 1955-1971 10, 109 gallon 
tank 

120-KE-6 183-KE sodium dichromate tank 100-KR-3 1955-1971 Unknown 



WIDS ALIAS OPERABLE SERVICE FACILITY SIZE HIGH 
NUMBER UNIT DATES (feet) PRIORITY 

SITE 

126-KE-2 183-KE liquid alum storage tank 100-KR-3 1955-1971 180,000 gallon 
112 

~ g. 
iir 

126-KE-3 183-KE liquid alum storage tank 100-KR-3 1955-1971 Unknown ~ 
#1 

. 
130-KE- l I05-KE emegency diesel oil 100-KR-2 1955-1971 2,000 gallon 

storage tank; I05-KE emergency 
diesel fuel tank 

130-KE-2 166-KE oil storage tank 100-KR-2 1955-1971 1,650,000 gallon 

f-
~ 

I 
120-KW-3 183-KWl sulfuric acid storage 100-KR-3 1955-1970 10,109 gallon 

tank 

120-KW-4 183-KW2 sulfuric acid storage 100-KR-3 1955-1970 IO, 109 gallon 
tank 

~ t, 

l 0 
~ 

t, g1 

~ fili ~ e. I 

t:d '° ;- N 
I 

120-KW-5 183-KW sodium dichromate 100-KR-3 1955-1971 Unknown e· --storage tank Er 
~ 

130-KW-l I05-KW emergency diesel oil 100-KR-2 1955-1970 2,000 gallon 
storage tank; I05-KW 

.... 
g 

emergency diesel fuel tank 

130-KW-2 166-KW oil storage tank 100-KR-2 1955-1970 1,650,000 gallon 

Source: DOE-RL 1991a; DOE 1990a-f, DOE 1991a-f 

i 
l 
~ 

N 
0 ..... 
N -



UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS 
RELEASE OF WASTE RELEASED 
NUMBER 

~ 
UN-100-F-1 3/13/71 Main sewer lines from 141-C 4.0E-S Ci Sr-90, 1.06E-6 Ci Pu- Area stabili.zed with clean gravel I" 

to 141-M buildings became 239 
plugged 

~ ..... . 
UN-100-K-1 4/79 l05-KE pickup chute area; no 450 gal/h for unknown period of None 

surface contamination fuel storage b.asin effluent; soil 
beneath basin estimated total 
activity of 2,530 Ci with 1.3 Ci 
of Pu-239 

r,} 

I 
~ 
0 .... 

UN-100-N-l 3/27/74 Line leak resulted in release 0.2 Ci of radioactive constituents Contaminated soil reading greater 
of radioactive water to than 1,000 ct/min was removed; i 

'C 
ground near 1304-N remainder covered with clean fill 
emergency dump tank 

UN-100-N-2 2/19/80 Leak in relief drain line from Primary coolant water containing Line repaired; groundwater 
FLV858 valve; area 17 x 17 less than l Ci beta/gamma; 10 monitored; accessible contaminated 
x 10 feet was contaminated gal/min leak rate soil removed and covered with clean 

fill 

( 0 
· O 

0 tr1 

,:i ~~ tD I 

I t::1:1 '° N 
I --

UN-100-N-3 3/8/78 Leak in dummy fuel spacer Storage basin water; released Line repaired; contaminated soil 
transfer line from fuel estimated 0.07 Ci Co-60, 0.8 Ci removed and area covered with clean 
storage basin; contaminated Sr-90, 0.25 Ci Cs-137, 0.14 Ci fill 

5· 
g. 
tD 
lo-' 

area 2.5 feet by 4 foot CePr-144, 0.0004 Ci Pu-239, 1 g 
diameter Ci of H-3; rate of 2S gal/min for • about a week a 

UN-100-N-4 5/7/77 Overflow of radioactive Total activity of 0.5 mCi Most of the contaminated soil 
water from 1322-A sump; removed and replaced with clean fill l 
contaminated about 1,500 sq. 
ft. 

tD 
lo-' 

0 .... 
UN-100-N-5 6/27/72 Leak in piping at radioactive 35 Ci total activity released Contaminated soil reading greater ~ 

chemical waste handling including 26 Ci of Co-60 than 1,000 ct/min removed; 
facility remainder covered with clean fill 



93130 I :L 1954 

UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS 
RELEASE OF WASTE RELEASED 
NUMBER 

~ 
UN-100-N-6 9/10/85 Leak in 1.5-in line between An estimated 0.2 Ci Co-60, 0.04 Line repaired; - 590 cu. ft. 3" 

105-N and 1310-N resulted in Ci Mn-54, 0.003 Ci Ru-103, and contaminated soil reading 7,000 to ~ 
release of radiologically 0.003 Ci Cs-137 25,000 ct/min removed; excavation ..... . 
contaminated water backfilled with clean soil rtl 

UN-100-N-7 4/29/85 Leak in buried I 0-in drain Radioactive effluent containing 1 Adjacent groundwater wells bad 
line between 105-N and Ci Na-24, 0.5 Ci Co-60, 0 .09 increased levels of 1-131; -1,130 I 
1304-N Ru-103, 0.4 Ci Cr-51, 0.2 Ci cu. ft. contaminated soil removed; ~ 

Zr-95, 0.3 Ci Te-132, 0.3 Ci area backfilled with clean soil 0 
Mn-54, 0.1 Ci Nb-95, 0.5 Ci I-
131, 1.2 Ci Fe-59, 0.2 Ci 
Ce-141, 0.2 Ci Ce-144, 0 .8 Ci 
Tc-99 

UN-100-N-8 5/11/75 Radioactive water was Total activity was 0.5 mCi Most of contaminated soil removed 
released from overflow at and replaced with clean fill 
1322-A sump contaminating 
25 sq. ft. 

.... 
i 
't:I 

[ 0 
0 

0~ 
~ ~~ 
~ I 

I bj IO 
N 
I ..... ..... 

UN-100-N-9 10/14/74 Leak in 119-N cooling water ~ 500,000 pCi Valve and line repaired; Ei" 
drain line and valve contaminated soils removed and area 

backfilled with clean soil 
g. 
~ .... 

UN-100-N-10 5/13/75 Contaminated water leaked to 0.001 Ci of mixed fission and Small dirt dam built to confine water 8 
ground during removal of activation products within existing radiation rone 
I 05-N check valve i 

UN-100-N-ll 10/2/75 East side of Highway 4 1,000 mR where the bonnet hit 8 cu. yd. of soil and 0.5 cu. yd. of 
North; contaminated 500 lb the road; 5,000 to 20,000 ct/min blacktop removed 
valve bonnet fell onto the on 200 sq. ft. of road; 25,000 to 
road, 8 cu. yd. of soil and a 50,000 on surface of field 

l 
~ 

N 
0 

30 x 1 foot strip of blacktop adjacent to valve bonnet 
contaminated 

.... 
~ 



UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS 
RELEASE OF WASTE RELEASED 
NUMBER ~ g. 

UN-100-N-12 2/27/79 Leak in spacer transport line; Readings of 50 to 100 mR/h; Line repaired; sink hole filled with !' 
same location as UN-100-N-3 basin water released contained clean soil ~ 

0. 19 Ci Co-60, 0.4 Ci Cs-137, ...... . 
0.00057 Ci Pu-239/240 tll 

UN-100-N-13 9/24/73 Overflow of spent 100 gallon containing ~0.011 Ci Contaminated soil packaged for 
decontamination solution at removal or covered with clean fill 
1314-N loading station 

I 
~ 

contaminated 20 sq. ft . 0 .... 
UN-100-N-14 8/5/74 Leak in 119-N drain system; 0.0008 Ci beta/gamma Soil reading greater than 1,000 

contaminated 800 sq. ft. ct/min removed; remaining soil 
covered with clean fill 

UN- 100-N-15 3/20/81 108-N neutralization sump Sulfuric acid Acid neutralized with soda ash 
transfer line leak; 
contaminated less than 50 cu. 
ft . 

UN-100-N-17 8/66 166-N diesel oil supply line Diesel oil Line repaired; oil near the river 
leak collected in interceptor trench and 

periodically burned 

i ,, 
[ t1 

0 
t1 ~ 

~ ~~ 
I 

f 
ttl IO 

N 
I ...... ...... 

Er 
Er 
~ 

UN-100-N-18 8/73 Leak in diesel oil supply line Diesel oil Line excavated and repaired 
between 166-N tanlc farm and 
184-N day tank 

,... 
8 

i 
UN-100-N-19 4/84 Overflow of 184-N day tanlc No. 6 fuel oil Oil removed from ground surface 

and tanlc impoundment area cleaned l 
up ~ 

~ 

UN-100-N-20 6/85 Leak in 166-N diesel oil No. 2 diesel oil Line repaired; oil-contaminated soil 
return line removed; groundwater monitored 

0 .... 
~ 



~ 
I 

-..J 
0. 

UNPLANNED 
RELEASE 
NUMBER 

UN-100-N-21 

UN-100-N-22 

UN-100-N-23 

UN-100-N-24 

UN-100-N-25 

UN-100-N-26 

UN-100-N-29 

UN-100-N-30 

DATE 

4/25/86 

6/23/86 

1/10/87 

2/1/87 

5/15/75 

12/7/78 

4/23/74 

7/22/74 

931301:L 1956 

RELEASE AREA NATURE AND QUANTITY 
OF WASTE RELEASED 

Overflow at 184-N day taolc No. 2 diesel oil 

Leak in 184-N diesel oil No. 2 diesel oil 
supply line 

Leak in 184-N diesel oil No. 2 diesel oil 
supply line 

166-N fuel oil supply line No. 6 fuel oil 
leak 

1310-N tank vented and Primary loop water and 
released reactor decontamination solution 
decontamination solution to containing phosphoric acid and 
the ground diethylthiourea 

Reactor decontamination Decontamination solution 
solution backflowed during containing phosphoric acid and 
pumping at the 1314-N load- diethylthiourea 
out facility 

Leaking check valve at 1304- Primary coolant water containing 
N dump tank released radioactive fission and activation 
radioactive water to ground products, mostly Mn-56 and Na-

24 

Overflow at the 1304-N Primary coolant water containing 
dump tank contaminated radioactive fission and activation 
2,500 sq. ft. products; maximum of 500 

ct/min 

REMEDIAL ACTIONS 

~ 

~ 
Level annunciator repaired; 650 ;' 

gallon of oil removed; no oil ~ 
detected in groundwater -.,I . 
Line rerouted; contaminated soil 
removed; oil detected in groundwater 

Line excavated; oil detected in 
groundwater 

fll 

I 
~ 
C) .... 

None i ,, 
Localized contamination covered 
with 6 inches of soil [ 1::1 

0 
1::1~ 

~ ~~ 
I 

Remaining solution absorbed and 
sent to 200 Area burial ground f 

t,j \0 
N 
I ...... ...... 

5· 
g. 
~ 

Contaminated soil removed; area 
covered with clean fill 

""'" 8 

i 
Contaminated soil stabilized in place 
with sand and fines l 

~ 

~ 
C) .... 
~ 



93130 l :L I 95" 

UNPLANNED DATE RELEASE AREA NATURE AND QUANTITY REMEDIAL ACTIONS 
RELEASE OF WASTE RELEASED 
NUMBER ~ 

~ 
UN-100-N-31 7/22/74 Spill of radioactive effluent at Radioactive effluent containing Contaminated soil removed; area ii' 

1301-N crib; contaminated fission and activation products; covered with clean fill ~ 
area - 2,025 sq. ft. gross beta/gamma concentration .... . 

was 700 dis/min/mL C"ll 

UN-100-N-32 9/16/74 Leaking check valve at 1304- Radioactive effluent containing Contaminated soil removed or 
N dump tank fission and activation products; covered with clean fill 

mud sample read 20,000 ct/min; 
I 
~ 

estimate of less than 10 mCi of C) 

activity remaining on ground 

UN-100-N-33 11/9/81 Acid spilled during transfer 97 % sulfuric acid; exceeded Acid was neutralized with sodium 
at 108-N CERCLA requirement of 1,000 hydroxide and soda ash 

lb for sulfuric acid 

UN-100-N-34 5/12/80 Release of sulfuric acid 94 % sulfuric acid Acid in encasement neutralized with 
during transfer at 108-N 50% sodium hydroxide and pumped 

to clearwell overflow; acid in . 
surrounding area neutralized with 

.... 
i 
'0 

[ t, 
0 

t, ~ 

~ ~~ 
I 

f 
o::I \0 

N 
I --

soda ash and liquid sodium 5· 
hydroxide 

~ 
~ 

UN-100-N-35 11/86 Leakage from sub-basin (fuel Radioactively contaminated water Basin weir and drain line grouted 
storage) drain line containing 1.6 Ci Mn-56, 0.4 Ci and sealed off "'"' 8 

Co-60, 0.3 Ci Nb-95, 0.1 Ci I- > 
131, 0.4 Ci Cs-137, 0.3 Ci Ce-
144; rate of 3 gal/min only 
during feed and bleed of the fuel 
basin 

a 
l 
~ 

"' Source: DOE-RL 1991a; DOE 1990d,e C) .... 
~ 
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1.0 INTRODUCTION AND BACKGROUND 

This appendix describes the development and screening of alternatives which could be 
used to address potentially-contaminated, saturated sediments of the Columbia River and 
river discharge pipelines. 

Current information has not been assess for potential threats from the river sediments; 
however, per the request of the regulators, alternatives are developed as a baseline in the 
event that future sampling shows significant contamination to pose a human or environmental 
threat. This section includes the conceptual model of the river sediments media and presents 
assumptions generated by DOE, EPA, and Ecology which serve as a basis for the 
development and screening of alternatives. Potential ARARs for remedial actions in the river 
are presented in Section 2. Section 3 discusses the screening of technologies and process 
options. Section 4 presents the development and screening of alternatives. Descriptions of 
the process options are presented in Section 5.0. 

The river sediments addressed in this appendix are contained in three areas: 

• River bottom - saturated sediments near the shoreline which may be impacted 
by groundwater movement 

• River pipelines - sediments along the river pipelines and at the discharge end 
of the pipelines which may have been impacted by leaks and cooling water 
discharge 

• Islands - sediments associated with islands in the river which may have been 
impacted by deposition of contaminated particles. 

Riverbank sediments are defined as those sediments on the south bank of the river 
which extend from the mean high high water mark to the mean low low water mark. The 
volume calculations for these sediments are included in Appendix D of this FS. The 
assumptions and calculated values from Appendix D will remain in the FS as they are. Soils 
above mean high high river mark are considered vadose and are addressed in the main body 
of the feasibility study (FS). 

1.1 HISTORY OF OPERATIONS AND FACILITY DESCRIPTIONS 

Each of the reactor areas has pipelines from the retention basin(s) to the outfall 
structure(s). Cooling water containing fission products and additives was released from the 
reactor and directed to the retention basins. After a brief hold-time in the basins, the water 
was diverted to the outfall structure, through the river pipelines, then discharged to the river 
in an area of high flow. The water was diverted through concrete overflow spillway(s) 
during times of high river levels (DOE 1991a). The river pipelines are the only structures 
associated with the sediments addressed in this appendix. 
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Table F-1 presents the physical characteristics and present status of the river 
discharge pipelines. 

1.2 NATURE AND EXTENT OF CONTAMINATION- EXISTING INFORMATION 

Sediments were sampled in 1990/91 at Priest Rapids and McNary dams as part of the 
Hanford Site environmental monitoring program. In general, the level of radioactivity in 
surface sediments behind McNary Dam was slightly higher than that behind Priest Rapids 
Dam during 1990 and 1991. Radionuclide concentrations in sediments collected from the 
sloughs along the Hanford Reach and at Richland were generally comparable to those 
observed upstream of Hanford at Priest Rapid Dam with the exception of uranium. Uranium 
levels in Hanford Reach sediments were comparable to those at McNary Dam (Woodruff et 
al. 1992). Table F-2 presents 1991 sediment concentrations for specific radionuclides from 
this sampling event. 

The Colwnbia River Impact Evaluation Plan (DOEIRL 1993) presents a summary of 
sediment sampling in the Hanford Reach. Table F-3 lists radionuclide concentrations in 
sediments in the slough areas of the Hanford Reach and at Priest Rapids Dam (Jaquish and 
Bryce 1990). In 1991, spring and sediment sampling was conducted along the 100 Area 
shoreline. Sediments showed detectable concentrations of Sr-90, CS-137, Ra-226, Th-228, 
Th-232, aluminum, antimony, barium, cadmium, calcium,chromium, cobalt, copper, iron, 
magnesium, manganese, nickel, potassium, sodium, vanadium, and zinc. However, no 
reference samples were taken for comparison to background; it is unknown if the detected 
values represent elevated concentrations. 

The river impact plan includes assessment of potential exposure pathways and an 
impact evaluation on human health and the environment. However, the assessment is 
directed mainly at impacts from ground and surface waters. An impact assessment 
methodology was not available for inclusion in the river impact plan; therefore no 
calculations of potential risks to human health or the environment were made (DOE/RL 
1993). 

Radiological and physical characterization of selected river discharge pipelines was 
conducted in 1984 (Beckstrom and Steffes 1986). Remote sensing surveys were completed 
on the physical characterization of the 100-C, 100-DR, 100-F, and 100-H area pipelines. 
Direct observation surveys were completed on the 100-C, 100-DR, and 100-F areas only. 
Analyses and samples were completed on the 100-C, 100-DR, and 100-F pipelines. Because 
the river currents at the time of investigation were extremely high, the 100-H area pipeline 
was not directly observed or sampled. 

While no contamination was found on the exterior of the investigated pipes, the 
predominant isotopes found inside the pipes were europium-152 and europium-154. Where 
samples were collected, most activity seemed to be concentrated in the rust on the interior 
pipe surface. Table F-4 indicates the activity level of the investigated pipe section inner 
surfaces and the isotropic analysis of loose and scraped scale from inside the investigated 
pipe sections taken in the 100-C, 100-DR, and 100-F pipelines. The direct surface readings 
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indicate the activity per probe area, about 12.5 cm2
• The direct samples were drip-dry when 

readings were taken; technical samples were collected when the pipe samples were 
sufficiently dry. The contact dose rate on the outside pipe surface was zero; the contact dose 
rate in the interior of the pipe was less than 1 mrem/hr. Activity levels of the pipe scrapings 
can be found in Table F-4. (Beckstrom and Steffes 1986.) 

1.2.1 Ecological Setting and Contamination 

The Columbia River environment is home to numerous species of plants and animals 
including all major freshwater benthic macrovertibrates, macrophytes, and 43 species of fish. 
(DOE/RL 1993). The riparian zone is used by invertebrates, birds, reptiles, amphibians, and 
mammals for food and cover. Mule deer use the islands in the river for fawning; geese nest 
on the islands. Threatened and endangered species associated with the Columbia River are 
listed in Table F-5. Disturbance of the plant and animal habitats is a consideration in the 
development of remedial actions. 

Environmental monitoring and sampling have been conducted on the Hanford Site for 
45 years. Radionuclide concentrations in fish and birds were reported by Woodruff and 
Hanf (1991). For the fish, concentrations of cobalt-60 and cesium-137 were typically below 
detection limits. Strontium-90 levels were below 0.04 pCi/g wet weight in all samples. 
Radionuclide concentrations in Canada goose muscle were similar to those expected from 
worldwide fallout (Jaquish and Bryce 1990); however, goose eggshells collected along the 
Hanford Reach had detectable levels of strontium-90 with the highest average concentration 
(1986-1987) of 1.6 pCi/g (DOE/RL 1993). 

c::l 1.3 NATURE AND EXTENT OF CONTAMINATION - ASSUMPTIONS 
~ -

1.3.1 Boundaries 

For purposes of the FS , the 100 Area is assumed to extend along the river from river 
mile 3 to river mile 24. The FS currently contains calculations of saturated riverbank 
sediments down to river mile 24. For consistency, river mile 24 is used as the downstream 
boundary. 

1.3.2 Conceptual Model 

1.3.2.1 River Bottom Sediments. River bottom sediments are defined as those 
continuously-saturated sediments extending from the mean low low water mark into the river 
for 50 feet along the river bottom and to a depth of 2 feet. (See Figure F-1.) A potential 
ecological pathway may exist through infauna! bioactivity. This bioactivity is not assumed to 
extend below 2 feet deep and thus serves as a basis for the depth of contamination 
assumption. The contaminated sediments were further assumed to be associated with 
contaminated groundwater discharges; therefore the linear extent of the contamination is 
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assumed to be along the shoreline within the tritium plumes as defined in Appendix D of the 
100 Area FS. (See Figure F-2; also see Table D-1, Appendix D of the FS.) 

1.3.2.2 Pipelines/Pipeline Sediments and Island Sediments. In addition to the saturated 
riverbank sediments and the river bottom sediments, contamination is assumed to be 
associated with pipelines/pipeline sediments and island sediments. Assumptions for the 
pipelines/pipeline sediments include: 

• Portions of the pipelines leading from the outfall structures to the discharge 
points in the middle of the river may have leaked. For purposes of the FS, it 
was assumed that leakage occurred along 100 feet of each pipeline 
(approximately 5 percent of the length of the pipeline). 

• Leaks are assumed to have resulted in contamination of up to 4 feet of 
sediments radially around the pipeline as shown on Figure F-3. 

• At each pipeline discharge point, an area of contaminated sediments is 
assumed to extend 10 feet from the end of the pipe (parallel to the length of 
the pipe) and 100 feet downstream at a depth of 2 feet. (See Figure F-3.) 

• Pipelines are assumed to have contaminated scale inside of the pipes and to 
present potential physical hazards due to snagging or displacement of the 
pipes. 

For the sediments associated with the islands in the river, the following assumptions 
were made: 

• 

• 

• 

• 

Ten islands exist in the river between river mile 3 and 24 which are assumed 
to have contaminated sediments. Two islands between 100-B and 100-N are 
gravelly and will not be included in the FS. (See Figure F-4.) 

The islands were assumed to be an average 200 feet wide . 

Only the last 100 downstream feet of the islands are assumed to contain 
contaminated sediments. 

Contaminated sediments are assumed to be 5 feet deep within the last 100 feet 
of the islands. (See Figure F-5.) 

Assumptions were made concerning the nature of the contamination in the sediments 
as follows: 

• 

• 

The concentrations of contaminants in the defined sediments are assumed to be 
above background. 

The assumed contamination is mainly associated with the fine-grained 
sediments. 
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• Potential contamination is assumed to be fairly uniform within a zone of 
contaminated sediments. 

• Potential contamination in pipeline and island sediments is assumed to include 
both sorbed and discreet particles such as contaminated scale particles from the 
interior of the pipelines. 

• ·saturated riverbank sediments and river bottom sediments are assumed to have 
been contaminated by contact with contaminated groundwater. Therefore, 
contaminants in these sediments are assumed to be sorbed to the fine-grained 
particles. 

• Only metals and radionuclides are assumed to be present. 

2.0 POTENTIAL ARARs AND TBCs FOR SEDIMENTS 

Remedial actions taken in the Columbia River are regulated by both federal and state 
agencies. The potential ARARs and TBCs pertinent to remediation of river sediments and 
pipelines are defined in Tables F-6 through F-9. Potential ARARs defined in Section 2.0 
and Appendix B of this FS may also cover actions in the river environment. 

3.0 TECHNOLOGY AND PROCESS OPTION SCREENING 

Remedial action objectives (RAO) and general response actions (GRA) defined in 
Section 4.0 of the FS apply to the river bottom sediments and river pipelines. The general 
response actions include: 

• No action 
• Institutional controls 
• Containment 
• In situ treatment 
• Removal/ disposal 
• Removal/treatment/disposal. 

Contaminants of concern are assumed to be radionuclides and metals with little or no 
organic contamination. Exposure pathways and receptors have not been analyzed for the 
river sediments and pipelines (DOE/RL 1993). This analysis will be required prior to final 
evaluation and selection of any remedial action for the river bottom sediments or river 
pipelines. 
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3.1 VOLUMES OF MEDIA OF INTEREST 

The volumes of river pipeline and river bottom sediments are based on the 
assumptions presented in Section 1.0 of this appendix. The volumes of media of interest are 
presented in Table F-10. 

3.2 IDENTIFICATION AND SCREENING OF TECHNOWGY TYPES AND 
PROCESS OPTIONS 

The objective of this section of the FS is to identify and screen technologies and 
process options for the remediation of river pipelines and sediments. Technologies and 
process options that pass initial screening are then developed into remedial alternatives. 
Technology type is a general term referring to a group of operations with common 
characteristics or results. Examples of technologies include chemical treatment, onsite 
disposal, and in situ stabilization/solidification. A process option is a specific type of 
operation within a technology type which has a narrow focus for its application, e.g., 
cofferdams and silt curtains are process options for the isolation technology. 

The technologies and process options are identified for both river pipelines and 
sediments. Although these are significantly different waste forms, the applicable general 
response actions (GRA) are essentially the same. Treatment technologies, however, are 
different for sediments and pipelines. It is assumed that treatment of river pipelines is 
accomplished within the remedial alternatives developed for the solid waste media (refer to 
Section 5.3.2 of the main report) and is not a consideration here. 

~ 3.2.1 Identification and Screening of Technologies --~ cr1 The technologies and process options that are identified for the river pipeline and 
sediment GRAs are based on the same information and reference sources as those described 
in Section 4.5.1 in the main body of the FS. In addition to these information sources, the 
U.S. Army Corps of Engineers was consulted for acceptable dredging techniques (Willard 
1993). Chapter 5.0 of this appendix provides a general description and an assessment of the 
effectiveness, implementability, and cost for each technology and process option. · 

Each technology and process option is subject to a two stage screening process. The 
initial screening is based on technical implementability. In this screening step, an assessment 
is made of implementability of a technology or process option considering site and 
contaminant characteristics. This screening reduces the number of possible technologies and 
process options to only those which are potentially applicable. The res_ults of the technical 
implementability screen are documented in Figure F-6. 

The second screening step is based primarily on an evaluation of a technology or 
process option's effectiveness. Institutional implementability and cost criteria are secondary 
considerations. Technologies and process options retained after this second screening are 
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used for development of remedial alternatives. The results of the effectiveness screening are 
documented in Figure F-7. 

3.2.2 Initial Screening for River Pipelines and Sediments 

All of the GRAs presented in Section 4.0 of the FS are considered applicable for 
these media. Figure F-6 summarizes the results of the initial screening of the river pipelines 
and sediments remedial options. The shaded process options are those that were eliminated 
at this screening stage; the remaining technologies and process options represent the potential 
pool of options to be evaluated for assembly into remedial alternatives. The following 
summarizes the screening process for the river pipelines and sediments: 

No Action. The NCP (55 FR 8666 et seq., and EPA 1988a) requires a "no action" 
alternative to serve as a baseline for evaluating active remedial measures. The NCP 
further requires the assumption that current institutional controls, such as river water 
monitoring, are not maintained. No action implies a scenario of "walking away" 
from the site. 

Institutional Actions. The institutional actions considered applicable for sediments 
are access restrictions and monitoring. These options are similar to those presented 
for the solid waste medium. Access restrictions include administrative controls such 
as covenants restricting the future use of the property (the river and its associated 
islands). Monitoring includes the use of equipment to continuously monitor the river 
water. Monitoring can also be used to assess the performance of containment or 
treatment systems for the sediments or for regulatory compliance monitoring. No 
process options were eliminated at this stage .of the screening. 

Containment Actions. The containment actions consist of physical measures to 
restrict mobilization of contaminated sediments. Containment options include 
covers/revetments and isolation. The covers/revetments options that were considered 
include: 

• Deposition of a silt, clay , or sand layer that covers the areas of 
contamination 

• Placement of a grout layer that covers the areas of contamination 

· • Placement of rip-rap as a stone foundation that covers the areas of 
contamination 

• Construction of mattresses comprised of blankets of lumber or 
concrete slabs covering areas of contamination. 
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Potentially applicable isolation alternatives include: 

• Cofferdams - temporary structures constructed of materials, such as 
soil or sheet pilings, used to isolate areas of the river. The water is 
pumped from the isolated areas to expose the river bottom and allow 
work within the isolated area. 

• Silt curtains - low permeability floating barriers to control transport 
of suspended sediments 

• Diversions - pipelines or excavated channels to divert the water flow 
away from contaminated areas 

• Dikes/berms - raised earthen or stone embankments that prevent or 
minimize flow over areas of contamination. 

None of the containment options were eliminated during the first stage of screening. 

In Situ Treatment Actions. In situ treatment actions include technologies to stabilize 
or solidify the river pipelines and sediments in place. The process options applicable 
to river pipelines and sediments are: 

• 

• 

• 

Soil mixing - mixing s~iments with compounds to produce a 
solidified mass 

Grout injection - injecting grout under pressure into the areas of 
contaminated sediments through equally spaced drill holes 

Ground freezing - freezing the interstitial moisture in the sediments 
as a means to attenuate permeability 

• Pipeline anchoring - filling the pipeline with grout to increase the 
bulk density, threading a cable through the center of the pipeline 
from the shore to the discharge point, and anchoring the ends of the 
cable, or anchoring the pipeline with U-shaped anchors set into the 
substrate along the length of the pipeline. 

Grout injection and ground freezing are screened at this stage. Grout injection is not 
considered technically implementable due to the difficulties anticipated in controlling 
flow into sediments. Ground freezing is screened because the Columbia River would 
act as an infinite heat sink and prevent formation of the barrier. The remaining two 
in situ treatment process options, soil mixing and pipeline anchoring, are retained. 

Removal/Disposal Actions. Technologies and process options in this category 
include both river-based and land-based removal and onsite and offsite disposal. 
River-based removal options of sediments include: 
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• Mechanical dredging - removal of sediments by a vessel-mounted 
dragline, clamshell, or bucket ladder 

• Hydraulic dredging - removal of river bottom sediments by water 
pump induced suction. 

Demolition options are also considered for the permanent removal of 
submerged pipeline sections. Demolition techniques include cutting sections of 
pipeline then rigging and hoisting the sections onto barges for removal. 

Land-based removal of sediments is accomplished by excavating with relatively 
standard earth moving equipment. 

Potentially applicable onsite disposal options (See Section 5.0 of this appendix 
for descriptions of these disposal options) include: 

• Trenches/pits 
• Vaults 
• Tumulus 
• RCRA-type landfills. 

Offsite disposal options include RCRA landfills, DOE disposal facilities, and 
geologic repositories. All of the removal options and disposal options are retained 

. through this stage of screening. 

Removal/Treatment/Disposal Actions. Multiple remedial technology options exist 
for removal/treatment/disposal actions. River- and land-based removal options are 
defined under the removal/disposal action discussion above. Potentially applicable 
treatment options include physical treatment, chemical treatment, dewatering, and 
stabilization/solidification. The only physical treatment option considered is soil 
washing. In soil washing, the contamination is assumed to be associated with the 
fine-grained material; physical soil washing process involves the separation of the 
fine-grained and large-grained materials using water and mechanical scrubbing. The 
only chemical treatment alternative considered is chemical soil washing. Chemical 
soil washing involves the use of reagents to remove contamination. Dewatering 
options include both mechanical dewatering and thermal drying. Mechanical 
dewatering removes water from sediment by means of gravity and centrifugal forces 
through screens or by sedimentation. Thermal drying removes water from sediments 
by vaporization. There are several stabilization/ solidification remedial technologies 
that are potentially applicable. Solidification media include bitumen, cement, 
polymers, and glass. Onsite and offsite disposal options have been previously 
described for the removal/disposal options. All removal , treatment, and disposal 
options are retained for further evaluation. 
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3.2.3 Evaluation of Technologies and Selection of Representative Technologies 

The purpose of this section is to further evaluate and screen the process options that 
are retained in the initial screening step. Only those options remaining after the initial 
screening continue through the process for a more thorough review based on effectiveness, 
implementability, and relative cost. This second screening evaluation leads to the selection 
of representative process options for each type of technology to be assembled into a group of 
remedial alternatives for the river pipelines and sediments. The results of the second 
screening are summarized in Figure F-7 and are discussed below. 

In the selection of representative technologies, CERCLA guidance (EPA 1988a) 
suggests that only one process option be selected to represent a technology type; this 
simplifies development and evaluation of alternatives without limiting flexibility during 
remedial design. The representative process provides a basis for developing performance 
specifications during preliminary design; the specific process actually used to implement the 
remedial action may not be selected until the remedial design phase. In some cases, more 
than one process option may be selected for a technology type if two or more processes are 
sufficiently different in their performance that one would not adequately represent the other. 

The criteria used in the second screening are defined as follows: 

Effectiveness Evaluation. · This evaluation focuses on potential effectiveness of 
process options in remediation of the contaminated media and in meeting RAOs with 
regard to protection of human health and the environment. Specific information 
considered includes contaminant type and concentration, area or volume of 
contaminated media, and rates of collection/removal of liquids or solids. Each 
process option is classified as being either highly effective, moderately effective, 
limited, or not effective. 

Implementability Evaluation. During this screening step, implementability is not 
weighted as heavily as effectiveness in accordance with EPA guidance (EPA 1988a). 
The initial screening considered technical implementability more on a pass-fail basis; 
this second screen is intended to qualitatively assess the degree of technical 
implementability. In addition, implementability includes the institutional feasibility 
(e.g., regulatory acceptability, public acceptance) of implementing the technology or 
process option. The implementability of options are classified as easy, moderate, 
difficult, or not implementable. 

Cost Evaluation. In accordance with CERCLA FS guidance (EPA 1988a), cost plays 
a limited role at this screening stage. The cost analysis is made on the basis of 
engineering judgement; each process is evaluated in relation to other process options 
in the same technology type. Both capital and operating costs are considered. Cost is 
classified as very high, high, moderate, or low. 
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3.2.4 Evaluation of Proc~ Options for River Pipelines and Sediments 

The results of the second screening evaluation for these media are summarized below 
and in Figure F-7. 

NO ACTION RESPONSE: 

No Action. The no action option is applicable provided that risk assessment indicates 
acceptable risks associated with the river pipelines and sediments in their present 
conditions. The effectiveness of a no action response may not satisfy the RAOs if 
contamination is left in place. Costs for the no action alternative would be low. · The 
alternative is not eliminated at this stage because this option is required by the NCP 
as a baseline and because it may be an appropriate response for some sites. 

INSTITUTIONAL CONTROLS RESPONSE: 

Use Restriction Options. Overall, use restrictions have limited effectiveness and are 
difficult to maintain in a system such as the river. Use restrictions may be effective 
in the short term but are uncertain in the long term. Use restrictions are retained, 
however, to preserve the range of GRAs for development of alternatives. Use 
restrictions may also have application in combination with other actions. 

Monitoring Options. River water monitoring is considered moderately effective. 
Monitoring techniques are useful for identifying changing conditions; however, 
contaminant mobility is not attenuated. While initial capital costs are low, operation 
and maintenance costs would be high in the long term. 

CONTAINMENT RESPONSE: 

Covers/Revetments. Several process options, which vary in the type of material · 
used, have been selected for evaluation: grout, riprap, and mattresses. These options 
are retained based on the ability to control erosion to some degree and on easy to 
moderate implementation. The silt/clay/sand process option was screened as being 
limited in effectiveness because these materials are easily eroded by the action of the 
river. In addition, the implementability of this process option is difficult in flowing 
water, particularly at the velocities frequently reached within the Columbia River. 

Isolation. All isolation process options considered are eliminated based on the 
following limitations: 

• Isolation systems large enough to overcome the flow velocity of the 
river and prevent inflow to sediment locations are impracticable. 

• The channel width and depth would necessitate an impracticably 
large barrier to achieve containment. 
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• Even if the influx of river water to the sediment area could be 
overcome, the groundwater would still fill the isolated area. 
Stopping the groundwater is impracticable. 

High costs are also associated with diversions and dikes/berms. 

IN SITU TREATMENT: 

Stabilization/Solidification. Both process options for stabilization/solidification are 
retained as potentially applicable. These options are pipeline anchoring and soil 
mixing. Soil mixing potentially requires isolation technologies to implement. Should 
isolation be required, soil mixing would then be screened from consideration-. The 
soil mixing option is retained at this point on the assumption that isolation is not 
required. 

REMOVAL/DISPOSAL RESPONSE: 

Removal Options. Removal options involve both river-based and land-based 
operations. River-based removal options include mechanical dredging, hydraulic 
dredging, and demolition (pipelines). Only one land-based option, excavation, is 
included. All options are retained as potentially applicable. 

Onsite Disposal Options. Onsite disposal in a tumulus is judged to have limited 
effectiveness and is therefore eliminated. A tumulus is an above grade structure that 
is potentially susceptible to surface degradation; maintenance requirements are higher 
relative to options where waste is buried below grade. The remaining process 
options, trenches/pits, vaults, and RCRA-type landfills, are representative of the 
technology and are considered to be more effective for contaminated sediment and 
pipeline disposal options; therefore all these options are retained. 

Offsite Disposal Options. Offsite disposal in a geologic repository is determined to 
be highly effective but not implementable in the time frame necessary to meet the 
RAOs. A repository is not currently available and one is not likely to be available in 
the foreseeable future. The RCRA landfills are screened because they will not accept 
radioactive or mixed waste forms. The DOE facilities are retained for the disposal of 
the radioactive and mixed wastes. 

REMOVAL/TREATMENT/DISPOSAL RESPONSE: 

Removal Options. Refer to the discussion on removal options under 
Removal/Disposal Response above. 

Physical Treatment. Physical soil washing is retained as a potentially applicable 
option. The effectiveness of soil washing is uncertain due to limited test data. 
However, if it can be successfully proven , the technology shows promise as an 
innovative approach to substantially reduce the volumes of waste requiring disposal. 
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Chemical Treatment. Chemical soil washing with reagents is retained as the 
representative process option for similar reasons as given above for physical 
treatment. 

Dewatering. Both mechanical dewatering and thermal drying process options are 
retained as dewatering process options. Both process options are considered effective 
in drying sediments. 

Stabili7.ation/Solidification. Bitumen-based, cement-based, and polymer-based 
options are retained as effective for stabilizing sediments by solidification. These 
three stabilization/solidification options will result in an increase in waste volume. 
Vitrification is retained as an innovative technology for sediments and shows promise 
as being highly effective, although very costly. 

Onsite Disposal Options. Refer to the discussion of onsite disposal options under 
Removal/Disposal Response above. 

Offsite Disposal Options. Refer to the discussion on offsite disposal options under 
Removal/Disposal Response above. 

4.0 ALTERNATIVE DEVEWPMENT AND SCREENING 

4.1 INTRODUCTION 

Following the identification and screening of technologies and process options, 
remedial action alternatives are developed and screened in accordance with the CERCLA 
RI/FS guidance document (EPA 1988a). 

This section of Appendix F presents the following information: 

• Development of alternatives (Section 4.2) 
• Evaluation and screening of alternatives (Section 4.3) · 
• Introduction to the alternative screening process (Section 4.3.1) 
• River pipelines and sediments alternatives (Section 4.3.2) 
• Summary of the alternatives evaluation (Section 4.3.3). 

The purpose of this appendix is to identify potential remedial alternatives which may 
be used to address river bottom sediments and pipelines. _While current information have not 
been analyzed to quantify threats to human health or the environment from the river bottom 
sediments and pipelines, alternatives are developed in the event that future data show a need 
for remediation. As directed in the CERCLA guidance document, the FS process is iterative 
by design; new information, such as results of future sampling and analysis efforts and risk 
assessment, will necessitate review of the conclusions reached here to determine the impact 
of new information. For these reasons the alternatives are developed and screened to a lesser 
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degree than is done in the main body of the FS for solid wastes, soils, and groundwater. 
Additional screening is not meaningful without supporting data. 

4.2 DEVELOPMENT OF ALTERNATIVES 

As described in Section 5.2 of the main body of the 100 Area FS, remedial 
alternatives are developed by combining representative technologies and process options to 
provide integrated solutions. The alternatives are developed to span the range of GRAs. 

The alternatives development process for river pipelines and sediments is presented 
graphically in Figure F-8. Seven alternatives have been assembled. Each alternative is 
described in the following sections. 

Other considerations and assumptions used to develop alternatives are listed as 
follows: 

• River pipelines and sediments are considered jointly 

• Alternatives that involve removal of river pipelines are based on the 
assumption that this waste will be managed with the solid waste media· 

• Alternatives that involve the treatment of water removed during dredging 
operations are based on the assumption that wastewater will be managed in the 
same manner as groundwater 

Cl 4.3 EVALUATION AND SCREENING OF ALTERNATIVES 
C'Yl 

("t"1 
ic:;n Section 5.3 in the main ·booy of the FS outlines the CERCLA FS process for 

evaluating and screening alternatives against established criteria. A detailed discussion of the 
evaluation and screening process as well as the criteria upon which the evaluation is based is 
presented in section 5.3 of the main text. Note that this portion of the FS is modified to 
reflect available information as discussed previously. 

4.3.1 Alternative Screening Process 

Each of the seven alternatives developed for riverbottom sediments and pipelines is 
evaluated quantitatively based on analytical results. A decision is made to retain or screen 
alternatives on this basis; as new information is developed the conclusions reached here will 
be revisited for validation purposes. If, as a result of new data, the conclusions arrived at 
here cannot be validated, other alternatives will be selected for detailed analysis. 
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4.3.2 River Pipelines and Sediments Alternatives 

4.3.2.1 Alternative RS-1: No Action for River Pipelines and Sediments. As explained 
in Section 4.0 of the main text, the no action alternative is required by the NCP to serve as a 
baseline for evaluation of other alternatives. The no action alternative is an appropriate 
choice for sites where contamination does not exceed the level of unacceptable risk and/or is 
in compliance with ARARs. This alternative represents a situation where no restrictions, 
controls, or active remedial measures are applied to the site and contamination is found not 
to be present or does not pose unacceptable risks to the public and environment. Selection of 
this alternative is dependent on a risk assessment indicating acceptability. This alternative 
may also be appropriate in situations where remediation pose more risk than no action. 

4.3.2.2 Alternative RS-2: Institutional Actions for River Pipelines and Sediments. This 
alternative involves use restriction to portions of the Columbia River within the Hanford 100 
Area which contain river pipelines and sediments as defined in Section 3.4 of this appendix. 
Volume, toxicity, and mobility of contaminants (if present) are not reduced by institutional 
actions. However, access restriction to those portions of the Columbia River where river 
pipelines and sediments are located, does reduce the potential for human exposure should 
contamination exist. Two types of institutional actions are considered for this alternative: 

• 

• 

Use restrictions for portions of the Columbia River may be accomplished by 
posting restricted areas along the river. Posting would indicate the potential 
hazards associated with the location and could take the form of signs along the 
river banks or buoys anchored within the river itself. Use restrictions deter 
entry to areas where exposure to contamination could result and prevent 
activities that could mobilize contaminants. Periodic inspection and repair 
would be required. 

Water monitoring involves periodic sampling and analysis of downstream 
Columbia River water. Water monitoring would allow assessment of 
contaminant migration downstream and potential increases to environmental 
and health risks. 

4.3.2.3 Alternative RS-3: Containment Actions for River Pipelines and Sediments. A 
single alternative has been developed for containment of river pipelines and sediments: 

• Covers/Revetments: Riprap 

Size and Configuration. This containment action is intended to take advantage of a 
low-cost cover that prevents degradation of the river pipelines and erosion and resuspension 
of potentially contaminated river sediments. This alternative involves placement of a riprap 
cover over contaminated river pipelines and sediments to protect against erosion by the river. 
The riprap cover will also prevent inadvertent contact with contaminated materials. 
Construction of the riprap cover involves placing quarry stones or cobbles over areas of 
contamination. These quarry stones or cobbles are placed using bottom-dump barges and/or 
land-based earth moving equipment. The quarry stones or cobbles are dumped and allowed 
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to settle on the river bottom. Quarry stones or cobbles are piled on the river bottom until the 
size, depth, and consistency of the cover are adequate. 

Containment Objective. The objective of the river pipelines and sediments 
containment alternative is to prevent mobilization of contaminants as a result of pipeline 
degradation and sediment erosion and subsequent resuspension. 

Disposal Method and Distance. Containment implies in situ disposal which avoids 
the need for disposal facilities. 

4.3.2.4 Alternative RS-4: In Situ Treatment of River Pipelines and Sediments. One 
alternative has been developed for the in situ treatment GRA: 

• Stabilization/Solidification 
Soil mixing (sediments) 
Pipeline anchoring (pipelines) 

Size and Configuration. Refer to Section 3. 1 of this appendix for a discussion of the 
river pipeline and sediment volumes and configuration. 

Major unit operations for the in situ treatment of river sediments and pipelines are 
discussed below. 

• The contaminated river sediments along the riverbank, associated with the 
pipelines, and on the islands would be stabilized and solidified in situ using 
shallow soil mixing equipment. Where applicable (specifically the islands) 
land-based soil mixing machinery would be used. The sediments would be 
stabilized with a cement-based grout to the maximum depth of contamination 
(5 feet). Where the sediments are completely submerged (river bottom 
sediments), barge mounted soil mixing equipment would be used. Quick 
setting grout formulations suitable for underwater application would be used to 
solidify the sediments to the maximum depth of contamination (2 feet for 
sediments near the bank, 4 or more feet for sediments associated with the 
pipelines). Sediments associated with the pipelines would be solidified by soil 
mixing on both sides of the pipeline. 

• Before the sediments associated with the pipeline are solidified, the pipelines 
would be anchored. Any one of three anchoring methods are recommended. 
The methods include filling the pipeline with grout to increase the bulk 
density, stringing a cable through the pipeline and anchoring the cable at both 
ends, and driving U-shaped anchors over the pipeline into the substrate. 

Composition. In situ stabilized sediment would consist of the sediment media and a 
binder, such as a cement-based formulation, capable of solidifying under water. Such 
formulations are available, but a treatability study would be required to develop the binder 
formula and engineering work would be needed to define the in situ mixing equipment. 
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Disposal Distances and Methods. The proposed disposal method is in situ. 
Contaminated sediments would be stabilized by solidification through soil mixing. Pipelines 
would be stabilized in situ by anchoring. 

4.3.2.5 Alternative RS-5: Removal and Disposal for River Pipelines and Sediments. 
One alternative has been developed for this Removal/Disposal GRA: 

• Removal: 
Mechanical dredging (sediments) 
Demolition (pipelines) 

• OnSite Disposal: 
Trenches/pits (dredged sediments and demolished pipelines) 

• Capping: 
Hanford Barriers (radioactive and mixed waste _disposal sites) 

Size and Configuration. Refer to Section 3.1 of this appendix for a discussion of the 
river pipeline and sediment volumes and configuration. 

Major unit operations are discussed below. 

Alternative RS-5 Removal: 

• Commercially available mechanical dredging equipment would be used to 
remove the river bottom sediments along the bank, from the islands, and the 
sediments associated with the pipelines. Historically, a clamshell dredge has 
been used by the U.S. Army Corps of Engineers for sediment removal along 
the upper Columbia River (Willard 1993). Barge mounted excavators would 
remove the sediment and load it onto barges anchored nearby. Once full, the 
barges would be shuttled to a dock where another clamshell excavator mounted 
on the dock would unload the barge; the sediments would be transported to the 
trenches/pits for disposal. 

• The pipeline segments would be cut into sections small enough to be removed 
and handled by a barge-mounted crane. The pipe sections would then be 
loaded on to anchored barges. As with the sediment-loaded barges, the 
pipeline-loaded barges would be shuttled to a dock for unloading; from there 
the pipeline segments would be managed as solid waste. 

Alternative RS-5 Disposal: 

• The contaminated sediments are disposed of onsite in trenches/pits located in 
the 200 Area. 

• The Hanford Barrier would be used for closure of the trenches/pits. 
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Flow Rates and Composition. The J 00 Area Past Practice Site Cleanup and 
Restoration Cor,ceptual Study (WHC 1991c) developed estimated excavation rates necessary 
to remedi~te contaminated soils by year 2018 assuming a 20 year remediation period. 
Sediment excavation rates were developed using the same assumptions. Contaminated 
sediment volumes and excavation rates are presented in Table F-10. 

A description of the river pipeline and sediment compositions is presented in 
Section 1 of this appendix. 

Disposal Distances and Methods. The proposed disposal method for low-activity 
radioactive and mixed waste in both alternatives is onsite trenches/pits in the 200 Area. The 
Hanford Barrier is specified for use where appropriate to close the trenches/pits. 

4.3.2.6 Alternatives RS-6 and RS-7: Removal, Treatment, and Disposal Alternatives 
for River Pipelines and Sediments. Two alternatives have been developed for the 
Removal/Treatment/Disposal GRA: 

Alternative RS-6: 

• Removal: 
Mechanical dredging (sediments) 
Demolition (pipelines) 

• Physical Treatment: 
Soil Washing (sediments) 

• Dewatering: 
Thermal drying (sediment fines from soil washing) 

• Stabilization/ Solidification: 
Vitrification (sediment fines from soil washing) 

• On-Site Disposal: 

• Capping: 

Alternative RS-7: 

• Removal: 

Trenches/pits (vitrified wastes and demolished pipelines) 

Hanford Barriers (radioactive and mixed waste disposal sites) 

Hydraulic dredging (sediments) 
Demolition (pipelines) 

• Physical Treatment: 
Soil Washing (sediments) 
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• Dewatering: 
Mechanical (sediment fines from soil washing) 

• S tabiliz.ation/ Solidification: 
Cement-based (sediment fines from soil washing) 

• On-Site Disposal: 
Trenches/pits (cemented sediment fines and demolished pipelines) 

• Capping: 
Hanford Barriers (radioactive and mixed waste disposal sites) 

Size and Configuration. Refer to Section 3 .1 of this appendix for a discussion of the 
river pipeline and sediment volumes and configuration. 

Major unit operations for each alternative are discussed below. 

Alternative RS-6 Unit Operations. 

• Commercially available mechanical dredging equipment would be used to 
remove the river bottom sediments along the bank, from the islands, and the 
sediments associated with the pipelines. Historically, a clamshell dredge has 
been used by the U.S. Army Corps of Engineers for sediment removal along 

• 

the upper Columbia River (Willard 1993). Barge mounted excavators would 
remove the sediment and load it onto barges anchored nearby. Once full, the 
barges would be shuttled to a dock where another clamshell excavator mounted 
on the dock would unload the barge; the sediments would be transported to the 
soil washing site. 

The pipeline segments would be cut into sections small enough to be removed 
and handled by a barge-mounted crane. The pipe sections would then be 
loaded on to anchored barges. As with the sediment-loaded barges, the 
pipeline-loaded barges would be shuttled to a dock for unloading; from there 
the pipeline segments would be managed as solid waste. 

• Through physical soil washing, sediments are classified by particle size using a 
power screen (other types of equipment may also be appropriate). The 
purpose of this initial classification is to separate large particles (such as coarse 
sand, gravel, and rocks) from the finer-grained material. Because of higher 
cation exchange capacity, the bulk of radionuclide and heavy metal 
contamination is preferentially adsorbed on the surfaces of smaller-sized 
sediment fines. Larger sediment particles are removed from the waste stream 
at this stage (provided that it is clean enough to meet RAOs) and may be used 
as fill material. 

• Fines are then transferred to a thermal dewatering unit. Process water is 
evaporated and dry fines are readied for solidification. 
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• The final unit operation is solidification of dewatered fines in a vitrification 
unit. Glass formers and fluxes are added to the fines and melted in a joule
heated vitrification unit to form a dense, glassified waste form ( other reactors 
using other sources of heat, such as plasma torches, may also be appropriate). 

• Alternative RS-6 operations result in a glassified waste form requiring 
disposal. Low-activity radioactive and mixed wastes would be placed in 
pits/trenches, which are located in the 200 Area. 

• The Hanford Barrier would be used for closure of trenches/pits. 

Alternative RS-7 Unit Operations. 

• Commercially available hydraulic dredging equipment would be used to 
remove the river bottom sediments along the bank and the sediments associated 
with the pipelines. Island sediments would be removed with the hydraulic 
dredge if they are submerged. Island sediments above the water level would 
be removed with a barge- or land-based excavator, such as a clamshell or 
backhoe. Hydraulic dredging generates a slurry of approximately 10 to 20 
percent by weight sediment (Petersen 1986). This slurry would be pumped to 
either a large barge-based or a land-based handling station. The handling 
station would pump the slurry through pipelines directly to the soil washing 
site. 

• 

• 

The pipeline segments would be cut into sections small enough to be removed 
and handled by a barge-mounted crane. The pipe sections would then be 
loaded on to anchored barges. The pipeline-loaded barges would be shuttled 
to a dock for unloading; from there the pipeline segments would be managed 
as solid waste. 

Through physical soil washing, sediments are classified by particle size using a 
power screen (other types of equipment may also be appropriate) . The 
purpose of this initial classification is to separate large particles (such as coarse 
sand, gravel, and rocks) from the finer-sized material. Because of higher 
cation exchange capacity, the bulk of radionuclide and heavy metal 
contamination is preferentially adsorbed on the surfaces of smaller-sized 
sediment fines. Larger sediment particles are removed from the waste stream 
at this stage (provided that it is clean enough to meet RAOs) and may be used 
as fill material. 

• Mechanical dewatering such as a settling basin or a centrifuge is then used to 
separate the fines from the water. The water is monitored for contamination. 
If the water is clean enough to meet RAOs, it may then be returned to the 
river. If the water does not meet RAOs, it is treated using the treatment 
options for contaminated groundwater. 
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• The contaminated sediment fines would be stabilized for disposal by 
solidification in a cement-based matrix. The stabiliz.ation and solidification 
process might be accomplished, for example, in a batch-operated mixer, which 
discharges a mixture of sediments and grout ( consisting of cement and 
additives as appropriate) into disposal containers. 

• The cemented sediment fines are transported to trenches/pits located in the 200 
Area for permanent onsite disposal. · 

• The Hanford Barrier is used for closure of the trenches/pits. 

Flow Rates and Composition. Refer to the discussion in Section 4.3.2.5 of this 
appendix. 

Disposal Distances and Methods. The proposed disposal method for low-activity 
radioactive and mixed waste in both alternatives is onsite trenches/pits at the 200 Area. The 
Hanford Barrier is specified for use where appropriate to close trenches/pits in the 200 Area. 

4.3.3 Alternatives Evaluation 

There is currently no risk assessment available which indicates unacceptable risk from 
contamination in the Columbia River system. In the CERCLA process, the evaluation of 
remedial alternatives involves assessment of the ability of each alternative to reduce risks to 
acceptable levels. Therefore, until such time as unacceptable risks are identified, further 
evaluation and comparison of alternatives would not be meaningful and cannot be confidently 
performed based on available information. Prior to further evaluation of the alternatives, the 
following information is required: 

• 

• 

Data sufficient to identify specific contaminant types and levels exceeding 
background values 

A baseline risk assessment identifying contaminants of concern, potential 
exposure pathways and receptors, and a toxicity assessment of the 
contaminants 

• An assessment of the risks versus benefits of remediation in the Columbia 
River ecosystem. 

Based on current information, the no action alternative seems to be a viable option for 
many of the sites associated with the river sediments and pipelines. Should future 
characteriz.ation work identify specific areas where remediation is warranted, the alternative 
identified in this appendix can be further evaluated and screened for the specific application. 
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5.0 TECHNOLOGY AND PROCESS OPTION DESCRIPTIONS 

This section includes descriptions of technologies which are potentially applicable for 
remediation of the river pipelines and sediments. In accordance with CERCLA FS guidance 
(EPA 1988a), a broad range of technologies representing relatively simple responses, such as 
institutional actions, to more complex remediation approaches involving treatment are 
discussed. 

The technology descriptions contain five general sections: 

• Applicability (potential) - the media or type of contamination which may be 
remediated by the specific technology 

• General description - a brief discussion of technical characteristics 

• Implementability - discussion and qualitative rating pertaining to both technical 
and institutional implementability of the technology 

• Effectiveness - a ·brief overview of the type of waste for which the technology 
is intended and a qualitative rating of its effectiveness in providing a 
remediation for this type of waste 

• Cost - cost of the technology relative to other process option costs within the 
same technology group on a low, moderate, high, or very high scale . 

~ Table F-11 presents the technologies and process options which were analyzed in this 
c::J feasibility study of river pipelines and sediments. 
n":l -;;_"'l"";i 
O-; The order of presentation for technology descriptions in this appendix coincides with 

the screening discussions in Chapter 3. 0 of this appendix. The technologies are organized 
initially by applicable media and then by general response action. The grouping of 
technologies is best illustrated by referring to Figure F-7 which illustrates technology 
screening graphically. 

5.1 ACCESS RF.STRICTIONS 

Use Restrictions. Refer to the discussion on "Deed Restrictions," Appendix C, Section 
1.1.2 under "Access Restrictions" in the "Solid Waste Technology Descriptions." Because 
the river is public, deed restrictions cannot be applied, but use restrictions may be applied to 
restrict commercial and recreational use of the Columbia River. Use restrictions prevent 
entry to areas where exposure to contamination could result as well as preventing activities 
that could mobilize contaminants. 
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General Description. Water monitoring of the Columbia River water is performed 
by periodic sampling of locations along the river downstream from the suspected 
contamination, by continuous water monitoring of stations set up along the river downstream 
from the suspected contamination, or by a combination of both methods. Water samples are 
collected and analyzed for contaminants of interest. Continuous water monitoring for 
radionuclide contaminants is performed by installing continuous reading and recording 
probes/meters in the river flow path. 

Implementability. Water monitoring along the river is routinely performed at the 
Hanford Site. Continuation and expansion of the water monitoring would be easily 
implementable. 

Effectiveness. Properly designed, constructed, maintained, and operated water 
monitoring systems are highly effective in assessing existence of contamination in the river 
water. These systems can also be used to gauge the success of remedial activities. 
Monitoring alone is not effective in protecting human health and environment. Monitoring 
may not be able to provide advanced warning of the movement of contaminants in the water 
(such as the case with groundwater monitoring) due to the high flow velocity of the river. 

Cost. The cost of performing water monitoring along the Columbia River is low. 
Sampling can be performed easily with little preparation and minimal specialized equipment. 
Analytical costs make up the majority of the cost associated with water monitoring. 
Operating and maintenance costs depend on the analytical parameters to be determined, the 
monitoring frequency, and the data interpretation activities associated with the monitoring 
program. 

5.3 COVERS/REVETMENTS 

The following covers/revetments for contaminated river sediments and pipelines are 
discussed below: 

• Silt/Clay/Sand 
• Grout 
• Riprap 
• Mattresses. 

5.3.1 Silt/Clay/Sand 

Applicability. Sediments and pipelines. 
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General Description. Silt/clay/sand covers are constructed by spreading clean sand, 
clay, silt, or dredged river bottom sediment over the area of contamination. The cover aids 
in minimizing the leaching of contaminants and prevents erosive transport of the 
contaminated sediments. Cover materials have application for temporary or permanent 
containment of hazardous waste constituents. Their use is generally limited to protected open 
waters where bottom currents and flow velocity are not sufficient to erode the cover (EPA 
"1985). 

Implementability. The materials necessary to construct the cover can easily be 
obtained by dredging other areas of the Columbia River or by excavating surface soils from 
the Hanford Site. General construction equipment can be used to excavate the surface soils 
and dredges can be used to remove the sediments and to place the cover material. Methods 
used to place the cover material include point dumping, using the pumpdown method, or the 
submerged diffuser system (EPA 1985). 

The point dumping method involves simply dumping the cover material from barges, 
scows, or hopper dredges. This method results in a high degree of turbidity and dispersion 
of both the cover material and the contaminated sediments. This method is also difficult to 
implement in shallow waters due to the deep draft required by the barges or hopper dredges 
(EPA 1985). 

The pumpdown method uses a pumpdown barge to pump the cover material from a 
scow, barge, or land-based storage area down a discharge pipe whose termination point is set 
close to the bottom of the river. This method is limited to relatively calm waters and is not 
applicable in shallow waters due to the deep draft required by the barges. This method is 
much slower than the point dump method (EPA 1985). 

The submerged diffuser system is similar to the pumpdown method in that the cover 
material is pumped through a pipe from a barge, scow, hydraulic dredge, or land-based 
storage area to the river bottom where it is spread over the contaminated area by a 
submerged sediment diffuser. This method has the same limitations as the pumpdown 
method, i.e, not applicable in shallow water and much slower than the point dump method. 
This method does provide the most controlled placement of cover material and the least 
amount of turbidity and resuspension of contaminated sediments (EPA 1985). 

All three methods are difficult to implement in shallow water (EPA 1985). Turbidity 
and resuspension in the river must also be considered when choosing a placement method. 

Effectiveness. Silt/clay/sand covers may be used as interim measures for short-term 
control of contaminant mobility due to erosion. The high flow velocities of the Columbia 
River, especially during peak runoffs (DOE 1991c), could lead to rapid erosion and 
ineffectiveness of the cover. The effectiveness and durability of the silt/clay/sand covers can 
be increased if used in conjunction with isolation process options such as dikes or berms so 
that the river flow velocity is reduced in the area of the cover. 

Silt/clay/sand covers reduce, but do not eliminate, the leaching potential of 
contaminants that are mobile in groundwater (EPA 1985). 
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Cost. The cost of placing silt/clay/sand covers over contaminated river sediments is 
moderate. Cover materials are readily available and inexpensive. The cost of emplacement 
is dependent on the method used. Point dumping is the cheapest placement method due to its 
speed relative to the other methods (EPA 1985). Continual maintenance of the cover would 
likely be necessary, increasing life cycle costs. 

S.3.2 Grout 

Applicability. Sediments and pipelines. 

General Description. Cement or other grouting materials can be applied to the 
surface of or mixed with bottom sediments to create a cover or seal which minimizes erosive 
transport of contaminated sediments. A grout cover can be emplaced by first diverting the 
river flow away from the area (i.e., using cofferdams or diversion channels) or without river 
diversion. 

If the river is diverted, one of two emplacement methods can be used (EPA 1985). 
The first is to pneumatically apply a layer of concrete (shotcrete) or grout to form a surface 
seal. The second is to mix concrete, quicklime, or a grout material with the top layer of the 
contaminated sediments (similar to shallow soil mixing; see Section 3.10.3 of Appendix C). 

If the river is not diverted, grouts can be applied underwater. Methods for applying 
concrete or grout underwater include concrete pumps and grouting preplaced aggregate. 
Mobile concrete pumps, which may be barge-mounted or used on shore, are widely used for 
placing concrete underwater (EPA 1985). Grouting of preplaced aggregate is a method that 
has been used in flowing streams and rivers. A course aggregate or combination of several 
types of aggregate are preplaced in forms. Grout made of cement, sand, and water can then 
be forced through pipes to fill the voids in the aggregate (Portland Cement Association 
1979). Following the emplacement of the grout cover/seal, the sediment bottom can be 
restored to its natural grade and sediment composition with clean sediment in an effort to 
restore the river bottom habitat (EPA 1985). 

Implementability. The implementability of the two methods for placing grout covers 
after river diversion are largely dependent on the implementability of the river diversion 
techniques (see Sections 5.4.1 and 5.4.3). Grout materials are readily available, as is the 
equipment necessary for placement of the grout or shotcrete. Soil mixing of the top layer of 
the contaminated sediments has been performed in very soft sediments using a soft ground 
crawler vehicle called the Soil Limer (Yamanouchi et al. 1978; Nissan Hodo, Co. Ltd. 
undated). The overall implementability is considered moderate. 

Effectiveness. Grout covers may be used as interim measures for short-term control 
of contaminant mobility due to erosion. Grout covers are not as susceptible to erosion as 
silt/clay/sand covers but may require periodic maintenance. The effectiveness and durability 
of the grout covers can be increased if used in conjunction with isolation process options, 
such as dikes or berms, so that the river flow velocity is reduced in the area of the cover. 
High velocity flow over grout covers can create a lifting effect; cracks which may form in 
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the cover will allow for undermining of the cover. Effectiveness is considered moderate 
relative to other covers/revetments. 

Simple grout covers reduce, but do not eliminate, the leaching potential of 
contaminants that are mobile in groundwater. The effectiveness of grout covers is at best 
moderate. 

Cost. The cost of constructing a grout cover over the contaminated river sediment is 
high relative to other cover/revetment methods. The material cost of cement is high relative 
to the natural materials used in silt/clay/sand covers and riprap. Specialized placement 
equipment (i.e., Soil Limer) requirements also add to the capital cost. Periodic maintenance 
may be necessary, increasing life-cycle costs. 

5.3.3 Riprap 

Applicability. River sediments and pipelines. 

General Description. Riprap is a protective cover comprised of stones placed on 
river sediments to prevent erosion. Riprap generally consists of quarry stones that are well 
graded from large to small. The small size stones are required to ensure that large voids do 
not exist in the cover after placement. The angularity of quarry stones result in a well
packed, stable cover (Petersen 1986). The largest size stones required is generally a function · 
of the river velocity. That is, the stone size should be selected so the cover remains stable 
against river flow velocities. Less expensive cobbles can be used in place of expensive 
quarry stones in situations where the grade of the river bank is relatively flat (Petersen 
1986). 

Implementability. The use of riprap covers for erosion control in rivers is well 
developed technology. Riprap blankets are currently in use for erosion control in the 
Arkansas and Red Rivers (Petersen 1986). Riprap covers can be mass produced; 
construction is fast and economical (Petersen 1986). Riprap covers are considered easily 
implementable along the Columbia River. 

Effectiven~. Riprap covers are considered to be moderately effective for 
controlling resuspension and erosion of contaminated sediments along the Columbia River. 
Placement of the riprap cover will likely cause resuspension of some contaminated sediments 
(EPA 1985). However, once the cover is in place, erosion control will be effective. 

Cost. Construction of riprap covers is not difficult and essentially involves sinking 
the quarry stones over the contaminated sediments. The primary expense will involve 
obtaining the quarry stones and transportation to the Columbia River location. Cobbles may 
be used instead of quarry stones, reducing the initial cost. Therefore, the cost of riprap 
covers is considered to be low. 
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Applicability. Sediments and pipelines. 

General Description. Mattresses are protective covers placed on river sediments to 
prevent erosion. These mattresses are generally placed on underwater banks and extend from 
the water's edge at low water out onto the river bed (Petersen 1986). Mattresses are 
generally constructed of lumber, reinforced asphalt, or articulated concrete (Petersen 1986). 
Large sections of mattresses are generally constructed directly above the area of the river 
sediments to be covered. As each section of the mattress is completed, it is sunk into place. 

Implementability. The use of mattresses to cover riverbanks for erosion prevention 
is a well developed technology. Articulated concrete mattresses are currently in use today 
along the Mississippi River (Petersen 1986). This technology is therefore considered easily 
implementable along the Columbia River. 

Effectivenes.s. Mattresses could prevent resuspension and/or erosion of contaminated 
sediments. However, the longevity of such mattresses is unknown and would likely require 
periodic maintenance and replacement over time the contaminated sediments are considered 
to pose a significant hazard to human health and the environment. Thus, mattresses are 
considered moderately effective. 

Cost. The cost of fabrication, placement, maintenance, and periodic replacement of 
r mattresses is considerecl high in comparison to other cover/revetment technologies. 
CJ:j 
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The following methods of isolating contaminated river sediments and pipelines are 
discussed below: 

• Cofferdams 
• Silt Curtains 
• Diversion 
• Dikes/Berms. 

5.4.1 Cofferdams 

Applicability. Used in conjunction with a Removal Technology. 

General Description. A cofferdam is a structure built around a contaminated area in 
a waterbody for the purpose of isolating that area from the stream flow. The water held 
within the confines of the cofferdam is then removed to allow access to the river bottom. 
Cofferdams are comprised of a physical obstruction that effectively diverts the flow of water. 
They may be constructed of many materials, including soil, sheet piling, earth-filled sheet 
pile cells, and sand bags (EPA 1985). 
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Implementability. Cofferdams are most effectively constructed in shallow ports, 
streams, and rivers, or waters with low flow velocities. Construction difficulty for pile 
driving may be encountered when flow velocities exceed 2 ft/s or water depths exceed 10 
feet (EPA 1985). Difficulty is also encountered when driving sheet piles because of cobbles 
typically present in the river bottom sediments. Due to surface water velocities, sometimes 
in excess of 11 ft/s, in the Hanford Reach of the Columbia River (DOE 1991c), cofferdams 
are considered to be difficult to implement. 

Effectiven~. Cofferdams constructed by the Corps of Engineers along the Snake 
River in similar river sediments were found to be not effective in preventing the inflow of 
water into the area being isolated by the cofferdams (Willard 1993). The high permeability 
of the underlying river sediments allows high water flow rates under the cofferdams. The 
cofferdams therefore have limited effectiveness in isolating the contaminated area. 

Cost. Costs to construct cofferdams would be moderate in relation to other isolation 
technologies. Primary resource costs would involve the material used for the cofferdam 
(e.g., sheet pilings) and pile driving equipment. High operations costs are associated with 
keeping the water pumped out of the area within the cofferdam. 

S.4.2 Silt Curtains 

Applicability. Used in conjunction with a Removal Option. 

General Description. Silt curtains are low permeability floating barriers that extend 
vertically from the surface to a specified depth. Silt curtains are used to control the surface 
turbidity in the vicinity of a small dredging or capping operation (EPA 1985). Silt curtains 
are generally constructed of a flexible skirt material, such as polyester or nylon reinforced 
PVC. The skirt is anchored at the base with a ballast chain and a with a tension line at the 
top. The skirt is held in the desired configuration by anchored lines (EPA 1985). 

Implementability. Silt curtains are most easily deployed in calmer waters with low 
flow velocities (i.e., less than 2 ft/s) and minimal wave influences (EPA 1985). In higher 
flow velocity waters, silt curtains are difficult to deploy and maintain. The implementability 
in the Columbia River is considered difficult. 

Effectiven~. Due to surface water velocities sometimes in excess of 11 ft/sin the 
Hanford Reach (DOE, 1991c), silt curtains are riot considered an effective primary 
alternative. However, they may be used in conjunction with other isolation options (i.e., 
dikes and berms). 

Cost. Costs to construct silt curtains would be low in relation to other isolation 
technologies. Primary resource costs would involve the material used for the curtain and 
associated anchors. 
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Applicability. Used in conjunction with a Removal Option. 

General Description. Diversion requires a complete rechanneling of a river reach to 
isolate the contaminated area from flow. The diversion may be instituted by a combination 
of cofferdams, pipes, and channels to divert the course of the river (EPA 1985). The 
contaminated sediment area is isolated by rechanneling the course of the river from an 
upstream point. The water may be diverted through a secondary channel or conduit and 
reunited with the primary channel at a downstream location. Diversion techniques typically 
require the complete flow of the stream be diverted, such as by physical obstacle (e.g., 
cofferdam) (EPA 1985). Another alternative is to divert flow by pumping the water through 
pipes. 

Implementability. Diversion of the Columbia River would be very difficult due to 
the size and flow volume, which ranges from 36,000 to 450,000 ft'/s (DOE 1991c). 
Diversion of the Columbia River would require construction of an alternate channel for the 
river's flow. That channel would most likely be across the Hanford Site, which has other 
areas of contamination. The alternate channel would require extremely large scale 
excavation. Regulatory approval for diverting the Columbia River would also be very 
difficult (Willard 1993). 

Effectiveness. Diverting the Columbia River would be a highly effective remedial 
action. Diversion would isolate the contaminated area from the river's flow, greatly 
reducing the mobility of the contamination. Diversion would also allow for easy access by 
land-based equipment to excavate the contaminated soil for disposal or treatment and 
disposal. The contaminated area would also be accessible for in situ remediation or 
containment options. However, it should be noted that changing the course of the river 
would have a major effect on the groundwater movement in the area. Any changes to 
groundwater movement would likely affect groundwater remediation alternatives that are 
planned or being implemented .. 

Cost. Costs to divert the course of the river through physical obstructions or 
pumping would be very high in relation to other isolation technologies. Excavation costs 
would be extreme as would the cost associated with the construction of cofferdams or semi
permanent dams. 

S.4 Dikes and Berms 

Applicability. Used in conjunction with a Removal Option. 

General Description. Retaining dikes and berms can be used to minimize the 
transport distance of contaminated sediments which are mobilized by dredging. Retaining 
dikes and berms include earthen embankments, earth-filled sheet pile walls, water inflated 
dams, or other materials designed to minimize sediment transport (EPA 1985). 
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Implementability. Earthen dikes can be constructed quickly and easily using earth 
moving equipment (i.e., bulldozers, mechanical dredging equipment) (EPA 1985). 
Alternatives using sheet piling or securely anchoring water inflated dams are not 
implementable due to high flow velocities. Construction of any earthen structure in the 
Columbia River will require permitting by the U.S. Army Corps of Engineers which may be 
difficult (Willard 1993). The number of dikes or berms that would be required to control the 
flow velocity in the area of contamination would be very high. Construction of a large 
number of dikes would probably adversely affect the salmon spawning grounds. Overall, the 
implementability of dikes and berms is considered difficult. Dikes/berms would also cover 
part of the contaminated media, necessitating more difficult removal options. 

Effectiveness. Dikes and berms would be moderately effective in reducing the 
transportation potential of the contaminated sediments, especially during dredging operations, 
by reducing the flow velocity around the areas of contamination. 

Cost. Costs to divert the course of the river with dikes or berms would be high in 
relation to other isolation technologies. The flow velocity and discharge rates of water (DOE 
1991c) would require a large scale, significant effort to effectively redirect the flow of water. 

5.5 IN SITU STABILIZATION/SOLIDIFICATION 

The following in situ stabiliz.ation/solidification techniques are discussed below. 

• Pipeline anchoring 
• Soil mixing 
• Grout injection 
• Ground freezing 

5.5.1 Pipeline Anchoring 

Applicability. Submersed effluent pipelines. 

~neral Description. Several measures may be taken to anchor pipelines into the 
substrate to preclude inadvertent transport. The pipelines could be grouted in place by filling 
the annulus with cement or other grouting material. This would increase the bulk density of 
the pipe where suspended transport would no longer be plausible. Other methods may 
include driving large U-shaped brackets over the pipe and into the substrate. Each bracket 
would be sunk a distance of approximate! y 10 feet. The brackets would secure the pipe in 
place, even if the pipe were to be breached. An additional method would be to place a cable 
through the length of the pipe and secure the cable at either end. If any section of the pipe 
were to become dislodged, it would still be secured by the cable. 

Implementability. The grouting method would require that some type of material be 
pumped in the pipe annulus at pressure. Care must be taken to minimize differential filling 
as a result of blockages or existing breaches in the pipeline. The U-shaped brackets would 
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require a means to drive them into the substrate, such as pile driving equipment. Running a 
cable through the existing pipelines would require a means to breach the pipe for entry and 
exit as well as the need to effectively string the cable through the annulus. Any of the 
methods would be relatively easy to perform. Anchoring of underwater pipelines and 
telecommunication cables is an established technology. 

Effectiveness. All suggested methods should be highly effective in securing the 
pipeline in the· short term. Degradation of the cable or anchors over time make the long
term effectiveness unknown. Pipeline anchoring by cable or U-shaped anchors does not 
stabilize or solidify the contaminated scale inside the pipelines. Filling the pipeline with 
grout does reduce the mobility of the scale contaminants in the short term but rusting of the 
pipe from the outer surface will expose the scale to the water in the long term. 

Consideration should be given to the ease in which complete physical removal may be 
implemented should it be deemed necessary. The grout filled pipe sections may result in 
prohibitively heavy sections which additionally would be very difficult to cut into manageable 
sections. The U-shaped brackets may be the easiest to remove if necessary. Efforts may be 
made to pull the brackets off (e.g., with the assistance of a crane) or they could simply be 
burned off with an underwater torch. 

Due to the uncertainty of the effectiveness of the anchors in the long term, the 
process option is considered only moderately effective. 

Cost. All methods would be inexpensive to implement relative to other stabilization/ 
solidification options. The U-shaped brackets may be the least expensive method, with 
grouting probably remaining as the highest and the cable having an intermediate relative cost. 

5.5.2 Soil Mixing 

Refer to discussion on "Shallow Soil Mixing," Appendix C, Section 3.10.3, under "In 
Situ Stabilization/ Solidification" technologies in the "Soils and Riverbank Sediments 
Technology Descriptions." 

5.5.3 Grout Injection 

Refer to discussion on "Grout Injection," Appendix C, Section 1.10.1, under "In Situ 
Stabilization/Solidification" technologies in the "Solid Waste Technology Descriptions." 

Grout Injection is not implementable due to the lack of void space in the saturated 
sediments. 
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Refer to discussion on "Ground Freezing," Appendix C, Section 3.10.6, under "In 
Situ Stabilization/ Solidification" technologies in the "Soils and Riverbank Sediments 
Technology Descriptions." 

Ground freezing of the river sediments is not implementable because of the infinite 
heat sink provided by the flowing Columbia river. 

S.6 RIVER-BASED REMOVAL 

The following methods of river-based removal of contaminated river sediments and 
pipelines are discussed below: 

• Mechanical dredging 
• Hydraulic dredging 
• Demolition. 

5.6.1 Mechanical Dredging 

Applicability. River sediments. 

General Description. Mechanical dredging involves the use of vessel-mounted 
draglines, clamshells, or bucket ladders. Essentially these are standard excavation equipment 
that have been barge-mounted for the purpose of underwater sediment removal. Mechanical 
dredging techniques remove sediments at nearly in-situ densities and thereby maximize solids 
content (EPA 1985). However, these techniques typically operate at low process rates and 
tend to resuspend sediments. Mechanical dredging is applicable to relatively shallow streams 
and rivers that have low flow velocities (EPA 1985). 

Implementability. Mechanical dredging equipment is readily available and 
commonly used for river sediment removal. The U.S. Army Corps of Engineers frequently 
uses mechanical dredging along the Columbia River to keep shipping channels open and 
excavate dock areas (Willard 1993). There are two primary limitations to the use of 
mechanical dredging for removing sediments from the Columbia river: resuspension of 
contaminated sediments and shallow water application (EPA 1985). However, resuspension 
of sediments has not been a problem encountered by the U.S. Army Corps of Engineers 
during their dredging operations along the Columbia (Willard 1993). Small, shallow water 
dredges may be required in some areas. An additional limitation specific to the area is that 
dredging in the upper Columbia River near the Hanford Site is limited to two months of the 
year (January and February) due to spawning habits of the salmon and spring runoffs 
(Willard 1993). These limitations reduce the implementability of mechanical dredging from 
easy to moderate. 
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Effectiveness. Mechanical dredging is considered highly effective because it can 
remove the contaminated sediment from the river, thereby eliminating potential threat to 
human health and environment. 

Cost. The cost of mechanical dredging to remove contaminated sediments is 
considered moderate. Operating costs are moderate and are somewhat dependent on the size 
of dredging equipment (the larger equipment will have smaller operating costs per cubic yard 
of material removed) (EPA 1985). Equipment costs are low, assuming that contract dredging 
companies are readily available in the area. 

5.6.2 Hydraulic Dredging 

Applicability. River sediments. 

General Description. Hydraulic dredging involves removal of sediments by pumping 
in a liquid slurry form. Sediments are dislodged from river bottoms by plain suction, 
cutterhead, dustpan, or hopper methods (EPA 1985). Once dislodged the sediments are 
pumped to the surface with centrifugal pumps. Slurries of 10 to 20 percent solids by wet 
weight are typical for standard hydraulic dredging operations (Petersen 1986). The suction 
end of the dredge is mounted on a movable ladder to enable variable dredging depths. 

Hydraulic dredges are applicable to streams and rivers with appreciable flow 
velocities (EPA 1985). This technique can be operated at process rates greater than 
mechanical dredges and can minimize resuspension of sediments by surrounding the suction 
end of the dredge with a hood. The primary disadvantage of hydraulic dredging is the large 
volumes of water that are removed with the sediments. 

Implementability. Hydraulic dredging equipment is readily available and commonly 
used for river sediment removal. Therefore, these techniques are considered easily 
implementable in the Columbia River. The high water content of the slurry makes handling 
of the dredged material more difficult. A dewatering system would be required (see Section 
5 .12). An additional limitation specific to the area is that dredging in the upper Columbia 
River near the Hanford Site is limited to two months of the year (January and February) due 
to spawning habits of the salmon and spring runoffs (Willard 1993). These limitations 
reduce the implementability of mechanical dredging from easy to moderate. 

Effectiveness. Hydraulic dredging is considered highly effective because it can 
remove the contaminated sediment from the river, thereby eliminating potential threat to 
human health and environment. Although hydraulic dredging removes sediments along with 
large quantities of water, the contaminants are assumed to be adsorbed to the sediments. 
Therefore, the water may be uncontaminated, and only require separation from the 
sediments. The overall effectiveness of this technique is considered high. 

Cost. The cost of hydraulic dredging to remove contaminated sediments from the 
Columbia River is considered high relative to the other river-based removal options. 
Operating costs are moderate due to the energy costs that result from pumping high volumes 

F-37 

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



DOE\RL-92-11 
Draft B 

of slurry (EPA, 1985). Capital costs are high because of the additional construction of 
dewatering systems to handle the slurry. High capital costs would be expected for the use of 
a large hopper dredge or tanker ship. 

5.6.3 Demolition 

Applicability. Submerged effluent pipelines. 

General Description. Demolition is the initial operation in removal of the pipeline. 
The existing pipeline would have to be cut into smaller, more manageable sections to 
facilitate removal. A crane or other hoisting device would be used to remove the pipe 
segments. 

Implementability. Standard barge-mounted hoisting equipment could be employed. 
Underwater rigging would be completed by divers. Some sediment dredging may be 
required to expose buried lengths of pipeline. Cutting with underwater torches is required 
for sizing pipelines into manageable lengths. The implementability of the demolition of the 
pipelines is considered easy. 

Eff ectiven~. The physical removal of the submerged pipelines would result in the 
most effective long term solution by removing a potential source of contaminants. The only 
limitation to pipeline demolition is that contaminants may be resuspended during removal. 
Remedies, such as sealing the end of each section of pipeline prior to removal, may be 

~ required. Overall, demolition is considered highly effective. 
0'1 

Cost. Costs would be a moderate one time cost. Specialized equipment would not 
have to be designed; routine technologies would probably suffice. Significant line item costs 
would include barge-mounted hoisting apparatus, and underwater riggers. In general, cost is 
considered to be low. 

5.7 LAND-BASED REMOVAL 

5. 7.1 Excavation 

Refer to discussion on "Excavation," Appendix C, Section 1. 7 .1, under "Removal" 
technologies in the "Solid Waste Technology Descriptions." 

Applicability. Land-based excavation is not applicable to the island sediments nor 
the sediments associated with the pipelines because of the distance from the shore to these 
locations. 

Implementability. Land-based excavation will be difficult to implement for river 
bottom sediments along the riverbank because of the long reach required. Typical excavation 
equipment will not perform well on saturated and submerged sediments. The equipment will 

F-38 



DOE\RL-92-11 
Draft B 

tend to sink. Special equipment designed to "float" on saturated sediments could be used. 
Land-based removal of the river bottom sediments also shares some of the same limitations 
as mechanical dredging (i.e., resuspension of contaminated sediments and a narrow two 
month window to perform the excavation). Land-based excavation is considered difficult. 

5.8 ONSITE DISPOSAL 

Refer to discussion on "Onsite Disposal," Appendix C, Section 1.8 in the "Solid 
Waste Technology Descriptions." 

5.9 OFFSITE DISPOSAL 

Refer to discussion on "Offsite Disposal," Appendix C, Section 1.9 in the "Solid 
Waste Technology Descriptions." 

RCRA landfills are not implementable for the river bottom sediments and pipelines 
because of the suspected radionuclide contamination. RCRA landfills will not accept 
radioactive or mixed waste. 

5.10 PHYSICAL TREATMENT 

Soil Washing. Refer to discussion on Physical Soil Washing, Appendix C, Section 
3.16.2, under "Physical Treatment" in the "Soils and Riverbank Sediments Technology 
Descriptions." 

~ 5.11 CHEMICAL TREATMENT 

Soil Washing. Refer to discussion on Chemical Soil Washing, Appendix C, Section 
3.17.2, under "Chemical Treatment" in the "Soils and Riverbank Sediments Technology 
Descriptions." 

5.12 DEW A TERING 

The following methods of dewatering contaminated river sediments are discussed 
below: 

• Mechanical 
• Thermal drying. 
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Applicability. River sediments removed in the form of a slurry. 

General Description. Mechanical dewatering is a mineral processing technology 
involving either gravity and centrifugal forces through screens or sedimentation to obtain 
water separation (Cummins and Given 1973). These processes are typically used in the 
mining industry for solid-liquid separation of slurries and can achieve capacities in the tons 
per hour range. Mechanical dewatering processes do require laboratory testing to determine 
capacity and operating requirements for full-scale processes. 

Screens are generally filtering processes that dewater by removing suspended solids 
from a slurry, thereby leaving a liquid effluent. Selection for particular applications depend 
on the particle sizes to be removed from the slurry. Shaking- or vibrating-type screens are 
applicable for larger particle sizes whereas centrifugal or sieve screens are applicable for 
smaller particle sizes. Centrifugal screens enhance dewatering by increasing the applied 
forces on moisture adhering to particles (Cummins and Given 1973). 

Sedimentation involves establishing flow velocities that will cause particles to fall out 
of suspension. This settling velocity depends primarily on Stokes law; however, it can also 
be influenced by conditions that hinder settling (Cummins and Given 1973). The 
sedimentation process can be enhanced by the addition of flocculants. Some type of filtration 
typically follows sedimentation as a polishing step to remove any particles remaining in 
suspension. 

Implementability. Mechanical dewatering is a well established technology that is 
commonly used in the mining industry. However, application of this technology to 
radiologically contaminated river sediments is unknown. The technology is considered to be 
moderately implementable. 

Effectiveness. The effectiveness of mechanical dewatering is dependent on the 
properties of the slurry influent as well as the degree of dewatering desired. River sediment 
removal by methods other than hydraulic dredging would not form a slurry without the 
addition of water. Therefore, mechanical dewatering is considered moderately effective for 
dewatering hydraulically dredged river sediments and limited otherwise. 

Cost. The cost of mechanical dewatering is considered low to moderate because 
capital costs are moderate and represent the majority of the process cost. Operating costs are 
relatively low for screen operations although increase for centrifugal screens and 
sedimentation basins that require constant energy consumption. The overall cost is 
considered to be low. 

S.12.2 Thermal Drying 

Applicability. River sediments. 
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General Description. Thermal drying is a mineral processing technology involving 
the application of heat to separate water from solids. These processes are used in the mining 
industry for drying minerals. Thermal dewatering typically involves vaporizing moisture by 
direct contact of particles with hot air. Thermal drying processes include rotary dryers, flash 
dryers, tray dryers, and fluidized beds (Cummins and Given, 1973). 

Thermal drying differs from mechanical dewatering in that thermal drying removes 
moisture from wet solids whereas mechanical dewatering removes suspended solids from 
slurries. 

Implementability. Thermal drying is a well established technology that is commonly 
used in the mining industry. However, application of this technology to radiologically 
contaminated river sediments is unknown. Radionuclides removed with vaporized moisture 
may require extensive offgas collection and treatment. The technology is considered to be 
difficult to implementable. 

Eff ectiven~. The effectiveness of thermal drying depends on the moisture content 
of the sediments. Thermal drying of river sediments removed by hydraulic dredging would 
be ineffective due to the high water content. Therefore, thermal drying is considered very 
effective for dewatering river sediments removed by methods other than hydraulic dredging 
and limited otherwise. 

Cost. The cost of thermal drying is considered high due to the high operating costs 
of constant energy consumption for producing heat and potential offgas collection and 
treatment. Thermal drying equipment is readily available and would involve only moderate 
costs; however, modification may be required for application to river sediments contaminated 
with radioactive constituents. 

~ 
crs 5.13 STABILIZATION/SOLIDIFICATION 

Refer to discussion on Stabilization/Solidification, Appendix C, Section 1.12, in the 
"Solid Waste Technology Descriptions." 

5.13.1 Bitumen-Based 

Bitumen-based stabilization/solidification is considered effective for the river sediment 
fines that result from the physical or chemical soil washing. The increase in waste volume 
due to solidification is expected to be offset by the volume reduction due to the soil washing. 
The effectiveness is considered moderate. 

5.13.2 Cement-Based 

Cement-based stabilization/solidification is considered effective for the river sediment 
fines that result from the physical or chemical soil washing. The increase in waste volume 
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due to solidification is expected to be offset by the volume reduction due to the soil washing. 
The effectiveness is considered moderate. 

5.13.3 Polymer-Based 

Polymer-based stabilization/solidification is considered effective for the river sediment 
fines that result from the physical or chemical soil washing. The increase in waste volume 
due to solidification is expected to be offset by the volume reduction due to the soil washing. 
The effectiveness is considered moderate. 
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River Plpel/ne, and Sediments Remedial Process Description, ScrHnlng Comment, 
General Re,ponH Action• Technology Option, 

:?1 
Mechanical D1edging River sediment removal ~essel mounted dreglne, Potenlially Applicat:. ~ 

clamshell, or kat lad:ler ~ 
Removal River-Based HydatJic Dredging River sediment rerroval 11f :uon of• Potentially Appllcat:. 
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Disposal . 
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~ e. ti) 
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fl e 0 
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River Pj>ellnet and Sediments Remedial Process Eff.ctlvanast /mplam,ntab/1/ty Cost 
Ganeni/Respon•Acflont Technology Options ------------------------------------------

~ 
. . Moderale • Corrvnercialy available equipmert, . '"c lfC 

. . H,;ih · Removes coriamrnaled hequerttt used on lhe Collffllia Riiler lwo monlh Modefale · Low capllal costs. -r -C 
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. . . .. . ~~ m 
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Vrtrilicalion J!~t .. ~:e Orlfia.lt - lnnovaliw lechrology ,~"'J~th =~sro~ M e. ~ 
ti) Q. 

LEGEND (§ I Trenches/Pris Moderale - Eltectiw tor isolating Easy -ComrroRV used waste Low -_Standard_conslruction, ~ Q 
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AREA NUMBER AND DIAMETER OF LENGTH OF STATUS OF PIPELINE 
TYPE OF RIVER PIPELINE PIPELINE 

PIPELINES (in) (ft) 

B/C 1 steel 42" 750' ~ 
I steel 66" 692' II) 

O" 
2 steel 54" 665' 5 ft spacing between pipes; 5 ft of cover at shoreline; -t'D 

completely exposed starting 25 to 30 ft offshore; 100 
ft of pipeline undermined and unsupported; 3 in-

71 
~ . 

place anchors (2 exposed); subject to lateral loading, 
scouring, undermining ("'_) 

er 
II) 

D/DR 1 steel 66" 1830' 8 ft of cover at shoreline; exposure to springline at rJ 
times; for 50 ft offshore, 2 to 3 ft cover; scour bowl 
depth of 17 ft, associated cliff of 7 ft; pipe subject 
to lateral loading between shore and island 

n .... 
t'D 

i -· 2 steel 42" 1850' 

F 2 steel 42" 300' 8 ft of cover at shoreline; partially exposed starting 
50 ft offshore for 50 ft; next 50 ft entirely exposed 
and undermined up to 5 ft; end of pipeline is 100 ft 
short of terminating structure; terminating structure 
in depression bowl, 23 ft deep with 50 ft diameter; 
50 to 150 ft total pipeline is missing; concrete 

~ 0 II) 0 C1 
Q. ~ ~ rJl 
S" ~~ .... I 

~ 
tx:l \0 

N 
I 

0 
._. ..., ._. 

anchors moved offshore 2 ft, raised 4 ft, downstream ~ 
6 in <! 

t'D ., 
H 2 steel 60" 825 ' Buried under 5 to 18 ft of sediment/cover; t:) 

structurally stable ~ 
K 2 steel 84" 1281' Outfall is still active 

II) ., 
(fQ 
t'D 

N l steel 132" 1050' 
~ 

Source: Beckstrom and Steffes 1986 'i 
5" 
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DOE\RL-92-11 
Draft B 

Table F-2. Radionuclide Concentrations in Sediments Upstream and Downstream 
of Hanford, 1991 

Concentration, pCi/ g 
Radionuclide 

Priest Rapids Dam McNary Dam 

Cobalt-60 0 0.2 

Strontium-90 0.01 0.025 

Cesium-137 0.5 0.6 

Plutonium-239/240 0.007 0.008 

Source: Woodruff et al. 1992 
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Table F-3. Radionuclide Concentrations in Sediments Along the Hanford Reach 

Radionuclide Priest Rapids White 100 F Hanford McNary Dam3 

Dam1 Bluffs Slough2 Slough2 

Slough2 

pCi/g 

Cobalt-60 -0. 002 + 0. 009 0.035 0.055 0.036 0.278+0.145 
(0.003) 

Strontium-90 0.014+0.002 0.006 0.005 0.021 0.037 +0.018 
(0.024) 

Ruthenium-! 06 0.014+0.021 0.210 -0.083 0.176 -0.076+0.068 
(0.122) 

Cesium-134 -0.079+0.061 -0.032 -0.042 -0.042 -0.028+0.006 
(0.235) 

Cesium-137 0.265+0.051 0.284 0.231 0.210 0. 708+0.144 
(0.527) 

Europium-152 nm* nm nm nm 0.774+412 

Europium-154 0.019+0.028 0.071 0.021 -0.016 0.125+0.019 
(0.163) 

Europium-155 0.049+0.025 0.091 0.055 0.077 0.093+0.007 
(0.178) 

Uranium-235 nm 0.090 0.086 0.063 0.065 +0.104 

Uranium-238 0. 761 +0.132 0.639 0.583 0.696 0.624+197 
(1.44) 

Plutonium-238 0. 0002 + 0.0001 0.00005 0.0003 0.004 o. 0009 +o. 0009 
(0.001) 

Plutonium- 0.0022+0.0006 0.0008 0.0013 0.0035 0.014+0.006 
239/240 (0.005) 

Source: Jaquish and Bryce 1990 
1Average + standard deviation , upper tolerance limit in parentheses. 
2Concentration from single sample. 
3 Average + standard deviation . . 
not measured 
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Table F-4. River Discharge Pipeline Characterization Data 

Activity Level 
(Beta-Gamma) 

Isotopic Analysis 
Direct Technical Smear Sample Type 

Isotope pCi/g dpm/probe* dpm/100cm2 

Pipe section 33,000 6,700 
inner surface 

Loose scale** Cobalt-60 150 
Europium-152 3,400 
Europium-154 580 
Europium-155 51 

Pipe Cobalt-60 600 
Scrapings*** Europium-152 7,700 

Europium-154 1,300 
Europium-155 150 

100-DR Pipe section 30,000 6,700 
inner surface 

Loose scale Cobalt-60 150 
Cesium-137 25 
Europium-152 1,700 
Europium-154 310 
Europium-155 16 

Pipe scrapings Cobalt-60 670 
Cesium-137 28 
Europium-152 7,000 
Europium-154 1,200 
Europium-155 83 

100-F Pipe section 20,000 10,000 
inner surface 

Loose scale Cobalt-60 120 
Europium-152 6,500 
Europium-154 1,000 
Europium-155 73 

Pipe scrapings Cobalt-60 330 
Europium-152 12,000 
Europium-154 1,900 
Europium-155 93 

Source: Beckstrom and Steffes 1986 
* Nominal efficiency for the P-11 probe used for these results is 10 % . 
** Loose scale samples were taken from sediment lying in the underwater pipe. 
*** Pipe scrapings were taken from the inner surface of the cut pipe section after removal from the river. 
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Table F-5. Threatened and Endangered Species Associated with the Columbia River 

FEDERAL LISTING I STA TE LISTING 

ENDANGERED 

Shortface lanx (Fisherola nuttalli) Persistentsepal yellowcress (Rorippa 
columbiae) 

Columbia pebblesnail (Fluminicola White pelican (Pelecanus erythrorhynchos) 
columbiana) 

THREATENED 

Bald eagle (Haliaeetus leucocephalus) 

Aleutian Canada goose (Branta canadensis 
leucopareia) 

SENSITIVE OR CANDIDA TES 

Great blue heron* Southern mudwort (Limosella acaulis) 

Common loon (Gavia immer)* Shining flatsedge {Cyperus rivularus) 

Persistentsepal yellowcress (Rorippa Dense sedge (Carex densa) 
columbiae)* 

False-pimpernel (Lindernia anagallidea) 

I ~ource: DOE/RL 1993 
Candidate species 
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Table F-10. Volumes and Removal Rates of River 
Pipelines and Sediments 

Media Volume Volume 
(Loose Cubic Meters) (Loose Cubic Yards) 

River Bottom Sediments 202,054 264,267 

Pipeline Sediments 3,496 4,572 

Island Sediments 36,812 48,147 

Total Sediments 242,362 316,986 

Pipelines (Uncrushed) 10,207 13,350 

Total Waste Volume 252,569 330,336 
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Table F-11. River Bottom Sediments and Pipelines Technologies 
and Proc~ Options 

Technology Proc~ Option 

Access Restrictions Use Restrictions 

Monitoring River Water Monitoring 

Covers/Revetments Silt/Clay/Sand 
Grout 
Riprap 
Mattresses 

Isolation Cofferdam 
Silt Curtains 
Diversion 
Dikes/Berms 

In Situ Stabilization/Solidification Pipeline Anchoring 
Soil Mixing 
Grout Injection 
Ground Freezing 

River-Based Removal Mechanical Dredging 
Hydraulic Dredging 
Demolition 

Land-Based Removal Excavation 

Onsite Disposal Same as Solid Waste 

Off site Disposal Same as Solid Waste 

Physical Treatment Soil Washing 

Chemical Treatment Soil Washing 

Dewatering Mechanical 
Thermal Drying 

Stabilization/Solidification Same as Solid Waste 
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