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FOREWORD

This report is an account of work performed under Consultafit Agreement

MDD-SCA-432162 between June 19, 1987, and September 1, 1987. This work

utilized information provided to SAIC by Westinghouse Hanford Company and

Rockwell Hanford Operations. The documents used in this work are listed in

Section 5 of this report.

It is the purpose of this report to provide an estimate of the cost of

characterizing and remediating 81 potential CERCLA sites and more than 500

potential RCRA 3004(u) sites. The development of characterization plans and

the selection of remedial actions to be implemented was outside the scope of

this study and will require more detailed information on each site than is

available in the documents reviewed for this study. This more detailed

information will be obtained as a part of the Remedial

Investigation/Feasibility studies performed for these sites.
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not result in cost reductions, but they were made to facilitate a more

efficient characterization and remediation schedule. Cost reductions of up

to 80% have been identified by grouping of these sites. A more-detailed

discussion of the grouping of sites can be found in Section 4.0 of this

report.

Although the remedial technology for each site cannot be determined at

this time, some estimate can be made of the probable range of costs for each

CERCLA site and each type of RCRA 3004(u) site. For the CERCLA sites

evaluated in this study, the least cost alternative is nearly always the

capping of the site with some type of subsurface barrier. The most

expensive alternative is nearly always some type of removal action such as

excavation and disposal. More detailed evaluation of each site as a part of

Remedial Investigation/Feasibility Study will be required to select the

remediation technologies to be used, to refine the cost estimates, and to

provide the information required by EPA and State of Washington Regulations

for use in the final selection of a remedial technology.

The schedule for the CERCLA sites indicates that it will take

approximately ten years to complete site characterization based on a budget

of $50 million per year. RCRA sites could take an additional 15 years.

Remediation of the sites could take more than fifty years if all sites are

remediated (assuming a budget limit of $100 million per year for

remediation).
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Draft September 3, 1987

1.0 INTRODUCTION

The purpose of this report is to develop a program plan for addressing

the inactive waste sites at the Hanford Reservation. This study presents a

plan for the characterization of the CERCLA sites and provides a preliminary

engineering estimate of the remediation costs and schedule for these sites.

This report also provides the strategy, assessment and recommendations for

characterizing and planning the remediation of the RCRA 3004(u) sites.

It is not the intent of this report to provide a detailed

characterization plan for addressing specific waste sites. Instead, this

report provides sufficient information to provide projections of cost and

time associated with addressing the inactive waste sites.

In the development of this information, it has been necessary to

evaluate existing information against the data needs for characterizing

inactive waste sites and selecting appropriate remedial actions. During

this process, gaps in the necessary data have been identified, and the

sampling needs for the collection of this information have been converted

into a summary of activities for each of the identified sites. In addition,

the available remedial action technologies were reviewed against the

characteristics of each site to compile a preliminary listing of appropriate
remedial actions. The information compiled was then used to develop

estimates of the costs and schedules for addressing the inactive waste

sites.

The remediation program for inactive waste disposal sites will follow

the procedures for Remedial Investigations/Feasibility Studies (RI/FS) for
CERCLA sites or the RCRA 3004(u) sites. As that process proceeds, the

requirements for characterization will become better defined and the
sampling program may change from that identified in this document. When

further information becomes available from the characterization process, the

remedial action appropriate to the site may also become better defined.
Therefore, the RI/FS process will govern the actual activities to be
undertaken at each site.

1-1
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It can be seen, therefore, that the selected technologies for
remediation of the sites discussed in this report may be different from the
activities discussed here. This should not be surprising since the process
is a dynamic one which leads to the final decision on what remedial action
is best for a site. The costs and schedule presented in this report,
however, represents the best estimate that can be made available using
information provided for performing this work.

1.1 OVERVIEW

1.1.1 Overview of the Regulations, Procedures and Requirements.

The Superfund Amendments and Reauthorization Act (SARA) of 1986 adds
Sections 120 and 121 to CERCLA, clarifying the applicability of CERCLA
regulations by EPA and the states to cleanup at federal facilities. As a
result of SARA, EPA is given final authority for approving remedial action
at federal facilities. Section 120 of CERCLA however, does not apply to
certain Department of Energy sites which had a response plan or remedial
action under development on the date of enactment of SARA. SARA also sets
out a schedule for EPA, and federal agencies with cleanup sites, to follow
in considering those sites for the NPL and pursuing the required studies and
cleanups.

The SARA requires that CERCLA actions, including cleanup at federal
facilities on the NPL, must achieve "applicable or relevant and appropriate
federal and state requirements" (ARAR's). Previously, as a matter of
policy, EPA required CERCLA cleanups to meet ARAR's except under certain
conditions. SARA formalizes that policy as a legislated requirement with
specific conditions under which the requirement can be waived. This subjects
hazardous waste cleanups at all federal facilities to the requirements of
the Clean Air Act, the Clean Water Act, the Toxic Substances Control Act,
and the Resource Conservation and Recovery Act, and to the requirements of
the state in which the DOE facility is located.

The National Oil and Hazardous Substance Contingency Plan (NCP) (40 CFR

Part 300) provides the regulatory framework for selecting and carrying out

1-2
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remedial responses under CERCLA. Selection of a response is based on

factors such as health and environmental protection, technology, cost,
institutional considerations, and site-specific factors. The NCP provides

limited guidance regarding the standards to be applied to CERCLA cleanups,
but directs that remedial actions must be protective of human health and the
environment and attain legally applicable or relevant and appropriate
Federal and State regulations (ARAR's).

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

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

o Cost effective in achieving goals; and

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

practicable.

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

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

1-3
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o The remedial action is an interim measure where the final remedy

will attain the ARAR upon completion

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

o Compliance is technically impracticable

o An alternative remedial action will attain the equivalent of the

ARAR

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

o For Section 104 remedial actions, compliance with the ARAR will

not provide a balance between protecting public health, welfare,
and the environment at the facility with the availability of Fund
money for response at other facilities (Fund-balancing).

The result of SARA Section 121 will be increased application of RCRA

procedures and standards to CERCLA actions, especially for discreet disposal

units that clearly meet the traditional sense of a solid waste management

unit. Waivers will require additional efforts by the responsible parties to

construct supporting arguments that the Administrator will need to

incorporate with the consent decrees or records of decision.

Conflicts Identified for the CERCLA Sites. The DOE ORDER 5480.14,
Comprehensive Environmental Response, Compensation and Liability Program,

describes the decision process used by DOE in determining whether or not a

site requires further action beyond phase 1. Sites posing no threat of
release are eliminated from further consideration. Sites qualifying for the
NPL are recommended for further action to quantify migration potential.
Sites not qualifying for the NPL, but exceeding other applicable DOE
remedial action criteria or guidance or posing potential regulatory concern
under other environmental acts, are proposed for further action.

1-4
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As a result of SARA, DOE facilities will be required to carry out the

same activities as previously required of private facilities. The new law

also requires that the Remedial Investigation/Feasibility Study (RI/FS) be a
mandatory requirement for sites on the NPL. This will require the revision

of DOE Order 5480.14 to require the initiation of the RI/FS process within

12 months of the site being listed on the NPL.

Certain guidelines are specified by the Comprehensive Environmental

Response, Compensation, and Liability Act (CERCLA) and the National

Contingency Plan (40 CFR 300) for preliminary assessment of sites

potentially containing hazardous substances that might adversely affect
human health or welfare. The Superfund Amendments and Reauthorization Act

of 1986 (SARA) modifies CERCLA but these changes will not apply to any

response action or remedial action for which a plan is under development by

the DOE at the Hanford Site. The Draft Phase I Installation Assessment of

Inactive Waste-Disposal Sites at Hanford, June 1986, Volumes 1 and 2, meets
the requirements of 40 CFR 300 for the preliminary assessment. The

preliminary site investigation has compiled available literature, interviews

of knowledegable sources, monitoring data, records and photographs of all

sites currently in question into a comprehensive report. Volume 1 also

describes the methods and data used as input to EPA's Hazard Ranking System
(HRS) and the resulting scores. Some questions were raised as to the

validity of some of the HRS scores. Particularly the handling of

radioactive materials and the scores resulting from hazardous substances

that may have been released in small quantities. An additional ranking was

performed which was called mHRS. This reevaluation of sites resulted in the

changing of some of the final HRS scores. The approach has been documented

in Volume 1. With the notification of the Administrator of the EPA, the

Hanford Site has fulfilled all requirements for the preliminary assessment

as required by 40 CFR 300.

The RCRA corrective action authority is a redundant authority that EPA

could use at DOE facilities. The RCRA authorities are broader than the

CERCLA authorities because the standard that must be met in order to invoke

the authority is as low as (for Section 3008(h)) the mere existence of a

release,whether or not any person or any part of the environment is
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threatened by the release. EPA is not required by Sections 3004(u),

3004(v), or 3008(h) to show an "imminent and substantial endangerment", as

required under CERCLA.

Sections 3004(u) and (v) and 3008(h) of RCRA were added by the

Hazardous and Solid Waste Amendments of 1984 (HSWA). These "corrective

action" provisions of RCRA authorize the EPA to require corrective action to

be undertaken to address releases of hazardous constituents at sites located

at either interim status facilities or facilities that will require a RCRA

permit. Consequently, for any federal facility that will require a RCRA

permit for one or more treatment, storage, or disposal units, releases from

even pre-RCRA solid waste management units (SWMU's) at that facility can be

addressed by EPA under RCRA authorities.

The corrective action programs already in place under CERCLA and RCRA

Part 264 Subpart F are the foundation for the 3004 (u) program. Sections

104 and 106 of the Comprehensive Environmental Response Compensation and

Liability Act authorize EPA to take response actions, including removal or

remedial measures, when a release or threat of release of a hazardous

substance is discovered which may effect health or welfare. Generally,

these authorities are used in situations where contamination has occurred at

abandoned sites. Where contamination is related to activities at hazardous

waste management facilities that are operating or have operated at any time

since November 1980, both RCRA and CERCLA potentially apply. EPA has

chosen, as a matter of policy, to initiate action under RCRA rather than

CERCLA at most facilities.

The RCRA program will utilize, where feasible, remedial approaches that

provide for treatment of wastes and control of the source as opposed to

limited solutions such as capping, where the contaminating material is

allowed to remain in place.

The Hazardous Solid Waste Act (HSWA) corrective action regulations,

when they become available, will represent the most important set of RCRA

standards (ARARs) for CERCLA remedial actions. As such, a primary goal in

development of the RCRA regulations will be to establish, to the maximum
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extent possible, a consistent approach between the RCRA and CERCLA programs
to remediating environmental problems.

Existing RCRA regulations for ground water corrective action (40 CFR
Part 264, Subpart F) prescribe a specific approach for detection,

characterization, and cleanup of contaminated ground water from permitted

land disposal units that received waste after July 26, 1982. Subpart F

requires that ground water be removed or treated in-place within a
reasonable period of time when a pre-determined performance standard has
been exceeded at a point of compliance (unit boundary). The performance

standard may be defined as background, a generic drinking water standard
applicable to all facilities (maximum concentration limits or MCLs) or a
health-based standard calculated on the basis of actual facility conditions
(alternate concentration limits or ACLs).

RCRA standards for closure of operating hazardous waste management
units are also related to establishing cleanup remedy standards for 3004(u)

corrective action. Many corrective actions are likely to involve measures

designed to control sources of contamination. RCRA closure regulations
specify how wastes in units may be removed or decontaminated or otherwise

subjected to post-closure care requirements. Although the concept of RCRA
"closure" of operating units is in some ways different from cleanup of old,

abandoned waste management units or contaminated areas, the approach to
regulating corrective action should be consistent with the principles of
RCRA closure.

Conflicts Identified for RCRA 3004(u) Sites. EPA has not resolved how it

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

at uncontrolled DOE waste sites.

Relationship Between DOE Orders, EPA and Washington Department of Ecology

Regulations. The Operative CERCLA DOE Order is No. 5480.14. As noted in

the previous section, the SARA requires that the Federal facilities respond

to the same requirements as private facilities. Furthermore, the

Environmental Protection Agency has just amended 40 CFR 300 to add several

new Federal Facility Sites. In the explanation of the rule, EPA has

indicated they may choose not to use CERCLA to respond to certain releases

because other authorities can be used to achieve these cleanups (52 FR 27625,

July 22, 1987). In most cases, Federal Facility cleanups can be conducted

under the corrective action provisions of RCRA.

Therefore, Federal RCRA regulations may be used for CERCLA sites. EPA

can delegate the authority for RCRA to the states; and in the case of

Washington State, the State program has been accepted by EPA. In this

situation, EPA retains oversight for the implementation of the regulations.

Recent guidance from EPA indicates that the agency is moving in the direc-

tion of making corrective action guidance under CERCLA and the corrective

action under RCRA equivalent.

The Washington State Regulations for Dangerous Waste (173-303 WAC) will

apply to all dangerous waste interim status waste management units,

dangerous waste permitted waste management units, and units seeking a

closure/post-closure permit as a dangerous waste management unit. The

corrective action provisions under this regulation include groundwater

monitoring corrective action (interim and final status land disposal units)

and closure requirements (clean up contamination to background or close as a

"RCRA" landfill). These regulations are equivalent to 40 CFR 264.100,

264.112, 264.117, 265.93, 265.112, 265.117, and 265.118.

Corrective action of solid waste management units can be mandated by

EPA under RCRA 3004(u). Any facility seeking a dangerous waste permit

(final status or closure/post-closure) will be subject to the corrective
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action provisions of the 1984 RCRA amendments. EPA currently has sole

authority for the 3004(u) corrective action program. No states have been

delegated this authority. Under the EPA 3004(u) corrective action program,

special conditions will be included in the permit specifying remediation or

verification sampling to be performed and a schedule for meeting these

requirements.

1.1.2 General Description of the Hanford Reservation and Inactive Waste

Disposal Sites

The semiarid Hanford Site, operated by Westinghouse Hanford Company for
the DOE, occupies about 1,476 square kilometers (570 sq mi) of the south-

eastern part of Washington State north of where the Yakima River flows into
the Columbia (see Figure 2.1). The Site lies about 320 kilometers (200 mi)

east of Portland, Oregon, 270 kilometers (170 mi) southeast of Seattle,

Washington, and 200 kilometers (125 mi) southwest of Spokane, Washington.

Established in 1943, the Hanford Site was originally designed, built,

and operated to produce plutonium for nuclear weapons using production

reactors and chemical reprocessing plants. Since then, waste management,

energy research and development, isotope use, and other activities have been
added to Hanford operations.

In 1943, after the Fermi experiment at the University of Chicago showed

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

first plutonium was available some 4 months later.

After World War II, five reactors similar to those built during the war

were constructed. A total of eight graphite-moderated reactors used the

Columbia River for once-through cooling (i.e., water circulated through the
reactors only once before being released back to the river).
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Early in the 1950s construction began on the research and development

facilities known as the Hanford Laboratories. This marked the first

diversification of Hanford from a purely defense-materials production

facility to one heavily involved in peacetime uses of the atom.

In 1963 the N Reactor was built. The N Reactor is different from the

other eight reactors in that it generates steam as a by-product of the

plutonium production and does not use river water as a once-through coolant.

Since 1966 the Washington Public Power Supply System has used the steam to

generate electricity.

A presidential decision was made in early 1964 to begin shutting down

the older Hanford reactors. This decision resulted in the closing down of
all eight of the older reactors by the end of 1971, leaving the N Reactor as
the only operational production reactor.

Historical practices and operational changes of particular interest to

this study are as follows:

o shutdown of the last of eight once-through cooled production

reactors (adjacent to the Columbia River) in 1971

o substitution of a bismuth phosphate precipitation process with

solvent extraction chemical reprocessing in 1956 (and associated

replacement of bismuth phosphate first- and second-cycle wastes

with solvent wastes)

o segregation of transuranic solid waste, stored for later shipment

off site,beginning in 1970 by DOE Order

o termination of routine liquid discharges containing transuranics

to the soil column in 1973

o consolidation of all radioactive solid-waste disposals in all

Hanford areas to the 200 Areas and of all nonradioactive
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trash/chemicals to the Central Landfill (an area near the center

of the site) in 1973.

As a result of these process changes and new DOE requirements, the

sites of most interest to this study are those established early in the

history of Hanford's waste-management operations. Current disposal

practices at Hanford have not resulted in measurable public health impacts
(Price et al. 1984, 1985; Price 1986; Cline et al. 1985).

General Description of Inactive Waste Disposal Sites

The operations at the Hanford Site have produced various low-level

radioactive and chemical solid and liquid wastes. Most of the wastes have

been stored on-site or disposed of on-site in the soil column. A total of

337 inactive waste disposal sites have been identified at the Hanford Site.

Twenty-one of the inactive sites (6%) were used to dispose of

nonradioactive wastes only. Thirty-three more (10%) received predominantly

water and radionuclides (100-Area reactor coolant and ruptured

fuel effluents). The remainder of the Hanford waste-disposal sites (84%)

contain a mixture of radionuclides and chemicals. Approximately three-

quarters of Hanford's disposal sites were used to dispose of liquids.

The sites occupy surface areas ranging from 0.02 square meters (0.2 sq

ft) to more than 15 hectares (37 acres) and were in service for periods

ranging from a few days to 32 years. In total, the inactive waste-disposal

sites occupy 1,416 hectares (3,500 acres), approximately 1% of Hanford's

total area. The average depth to ground water from the surface of inactive

waste-disposal sites varied from about 13 meters (43 ft) in the 300 Areas to

73 meters (240 ft) in the 200 Areas.

The Hanford Site is divided into 14 major operational areas. The nine

100 Operational Areas each contain one production reactor facility of which

only one remains in operation. The nine 100 Operational Areas are all located

along the Columbia River in the northern part of the Hanford Reservation.

The two 200 Operational Areas contain reactor fuel processing, plutonium
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separation, and waste management facilities. Both 200 Operational Areas are

located near the center of the Hanford Reservation on the Central Plateau

approximately 7 miles from the Columbia River. The 300 Operational Area
contains reactor fuel manufacturing facilities. It is located along the

Columbia River approximately 1 mile north of the Richland city limits. The

400 Operational Area contains an experimental reactor and associated support

facilities. It is located in the southeast section of the Hanford

Reservation approximately 4.5 miles from the Columbia River. The 600

Operational Area consists of the rest of the Hanford Reservation that is not
located in the other operational areas. Figures 1-1 through 1-10 shows the
general locations of the operational areas within the Hanford Reservation.

Approximately 67% of the inactive waste disposal sites are located
within or just outside of the 200 Operational Areas (East and West).
Approximately 25% of the inactive sites are located within or just outside

of the nine 100 Operational Areas (B, C, D, DR, KE, KW, F, H and N). The
remaining 8% of the sites are located in the remaining operational areas
(3090, 400 and 600).

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

1.1.3 Overview of the Inactive Waste Sites Inventory

The inactive waste-disposal sites received an estimated 1.6 billion

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

sites is unknown, it is estimated that the following contaminants and

quantities were disposed of in liquid-waste disposal sites during routine

plant operations:

Contaminant

Nitrate

Phosphate

Sulfate

Nitrite

Fluoride

Organic carbon
Chromium (VI)

Quantity Quantity

(metric tons) (tons)

63,000
4,400

3,000

2,200

970
760
260

69,445

4,850
3,307
2,425
1,069

837
287

A variety of radionuclides are also stored or disposed of in both

solid- and liquid-waste disposal sites. The most significant quantities

(decayed to current values) of radionuclides include:

Radionuclide

239Pu

137Cs
90Sr

240pU

238U

Quantity

(curies)

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

200

These inventories were obtained through a combination

and estimates based on intimate knowledge of the processes

uncertainty associated with these estimates is unknown but

significant.

of records search

used. The

may be

Very little direct evidence exists to indicate if inactive waste sites
have contaminated groundwater or surface waters. Application in Phase I of
EPA's Hazard Ranking System (HRS) and the DOE's modified Hazard Ranking

1-23



Draft September 3, 1987

System (mHRS) to Hanford's 337 inactive waste-disposal sites resulted in 81
sites receiving scores greater than 28.5 and 256 sites with scores less than

28.5. (The score of 28.5 out of a possible 100 is an arbitrary cutoff

established by EPA as the point at which further action for potential CERCLA

sites may be required.) The 81 Hanford inactive waste-disposal sites
ranking greater than 28.5 will all be characterized. The sites had all

received liquids containing radionuclides and/or chemicals. They were ranked

high because they were suspected of having had releases to ground water and

surface waters in the past. Most of these sites were designed and first

operated in the 1940s and 1950s. Most of the sites received and transferred
to the soil column large volumes of liquid waste.

The principal concern in the 100 area is the remobilization of cobalt-

60 in the sediments of the Columbia River; and the movement of chromium,

diodine-129, cobalt-60, and strontium-90 through the groundwater into the

surface water of the Columbia River. In the 200 area, there are observed
elevations of nitrates, tritium, iodine-129, carbon tetrachloride, cyanide,

and uranium. In the 300 area, the observed releases of uranium, chromium,
fluoride, TCE, and 1-2-DCE to groundwater, as well as release of copper to
surface water, are of concern. Each of the areas within the Hanford
Reservation is described below:

The nine 100 Areas (B, C, D, DR, KE, KW, F, H, N) border the Columbia

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

The 100 Areas are generally flat with no major surface features. The

Hanford Formation lies near the surface of the 100 Areas, covered by a thin
layer of wind-deposited silt and fine sand. The water table is found in
these sediments at a depth of about 20 meters (66ft), except in the F and H
Areas where the depth to the water table is about 35 meters (115 ft) and 40
meters (131 ft), respectively. The depth to the Ringold Formation is about
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25 meters (82 ft); the top of the basalt bedrock is approximately 240

meters (790 ft) below the surface.

Because the water table occurs within the highly permeable sandy

gravels of the Hanford Formation, it fluctuates as the river level rises and
falls. The ground water generally flows from the 100 Areas and toward the
river. When active, each of the 100 Areas included support facilities such
as powerhouses. Except for 100-N, these powerhouses produced process steam

from coal-fired boilers; 100-N has oil-fired boilers. Adjacent to each

area's powerhouse were large storage areas that received railroad carloads of

coal and disposal areas for flyash/clinker disposal. Most areas also

included water-treatment plants, water-storage tanks, subsurface sewage-

disposal systems, raw-water intake structures, and process sewers.

B and C Areas. The B and C reactors are located adjacent to each other on a
2.6-square-kilometer (650-acre) site (9the 100 B/C Area) and are the

farthest upstream of the 100 Areas. The B Reactor was operated from 1944 to
1968, and the C Reactor was operated from 1952 to 1969. Virtually all the

facilities in the area are inactive, with the exception of the B/C export

water system, which continues to provide the raw water supply to the 200
Area and some 100 Areas. An electrical substation in the area taps power
for the pumps providing the 200-Area water.

Four CERCLA sites are located on the 100 B/C Area. These sites are

116-B-1, 116-C-1, 116-B-4, and 116-C-2. 116-B-1 and 116-C-1 are trenches.

116-B-4 is a French Drain and 116-C-2 is a crib. All facilities are no

longer in use and are considered inactive. See Figure 1-12 for location of
the 100 B/C area building, facilities, railroads, etc.

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

D and DR Areas. The 100-D/DR Areas, covering about 3.9 square kilometers

(970 acres), are located 11 kilometers (7 mi) downriver of the 100-B/C Area.

The D Reactor was operated from 1944 to 1967 and the DR Reactor from 1950 to

1965. These areas are extensively used, and their utilities and services

1-26
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are still in operation. The electrical substation serves as a backup supply
for the 100-N Area. The water system is a backup system for the 100-B water
system, which supplies water to the 200 Areas. The UNC Nuclear Industries
engineering laboratory here is operated in support of the N Reactor.

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

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

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

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

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

K Area. The 100-KE/KW Areas, covering about 0.6 square kilometers (150
acres), are almost 4 kilometers (2.5 mi) downriver of the 100-B/C complex
and contain two shutdown reactors. These reactors were operated between
1955 and 1971.
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Considerable use is made of the shutdown 100-KE/KW Areas. For example,

spent fuel from the N Reactor is stored there. All services and utilities

except the power house are in operation. The Decommissioning Services

Section of UNC Nuclear Industries also operates from offices and

laboratories in this area. UNC Nuclear Industries operates a research and

development laboratory in this area; the Fuel Operations Section of UNC has

personnel stationed at the K Area to operate the KE and KW fuel-storage

basins. See Figure 1-16 for 100-KE/KW site locations.

In the approximate middle of the Hanford Site, on a plateau about 11

kilometers (7 mi) from the Columbia River, are the two 200 Areas (200-

East and 200-West), dedicated to chemical separations and waste management.

Irradiated fuel, waste-processing,and waste-storage activities are located in

these two areas because they are the most isolated from the Site boundaries

and are the farthest from both surface and ground water. The water table in

this area is 46 to 911 meters (150 to 300 ft) below the surface.

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

The 200 Areas contain nonradioactive support facilities,including

transportation maintenance buildings, service stations,and coal-fired

powerhouses (with baghouses for airstream cleanup) for process steam

production, steam transmission lines, raw-water treatment plants, water-
storage tanks, electrical maintenance facilities,and subsurface sewage

disposal systems. In short, the 200 Areas are almost cities to themselves

in that they have most of the utilities necessary to be self supporting.

Located on the 200 East Area are 26 inactive CERCLA sites, which can be

grouped into fourteen units for characterization* (see Table 1-1). The

units are groupings of sites that have the following:

Further discussion of the characterization will be discussed in

Section 2.4.
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TABLE 1-1. LIST OF CECLA SITES IN THE 200 EAST AREA

USE DATES
SUBAREA NO. INACTIVE SITES DISPOSAL MElHOD WASTE TYPE FRCM TO

I 216-B-43 Crib T/SW 11/54 11/54
216-B-44 Crib T/SW 12/54 3/55
216-B-45 Crib T/SW 4/55 6/55
216-B-46 Crib T/SW 9/55 12/55
216-B-48 Crib T/SW 11/55 7/57
216-B-49 Crib T/SW 11/55 12/55
216-B-50 Crib T/SW 1/65 1/79

II 216-B-7A & B Crib T/SW 9/46 5/66
III 216-B-2-2 Ditch SC & CW 11/63 5/70
IV 216-B-5 Reverse Well T/SW 4/45 10/47
V 216-B-10-A Crib PW 12/49 1/52

216-B-6 Reverse Well PW 4/45 12/49
VI 216-C-1 Crib PC 1/53 6/57

216-C-10 Crib PC 11/64 10/69
VII 216-B-16 Crib T/SW 4/56 8/56
VIII 216-A-40 Trench SC & CW 1/68 5/79
IX 216-A-24 Crib T/SW 5/58 1/66
X 216-A-9 Crib PW 3/56 8/69
XI 216-A-7 Crib MtW 11/55 11/66
XII 216-A-28 French Drain MLW 12/58 11/67
XIII 216-A-4 Crib MLW 12/55 12/58

216-A-5 Crib PC 11/55 11/61
216-A-21 Crib PC 11/57 6/65
216-A-27 Crib MLW 6/65 7/70
216-A-36A Crib MLW 9/65 3/66

XIV 216-A-6 Crib MLW 11/55 1/70

Notes:

(From potentially least hazardous to potentially most hazardous)

SC & CW - Steam Condensate and Cooling Water
PC - Process Condensate
MLW - Miscellaneous Liquid Waste
PW - Process Waste
T/SW - Tank and Scavenged Waste
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o similar or identical waste types

o close proximity to each other

o similar sources of wastes.

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

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

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

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

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

The 200 West Area is a controlled area of approximately 8.2 square
kiometers (3.2 sq. mi.); it is about 8 kilometers (5 mi.) from the Columbia
River and 11 kilometers (6.8 mi.) from the nearest site boundary. In the
early 1980's, it was expanded to the west to add land for future burial

grounds. There are no naturally occurring surface water bodies within the

wpp West Area; however, process cooling water and aqueous waste are
discharged to surface impoundments, creating several artificial ponds within
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TABLE 1-2.

Inactive
Sites

LIST OF CERCLA SITES IN THE 200 WEST AREA

Disposal
Method

Waste Type Use Dates
From To

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

II 216-S-1&2 Crib PC 1/52 1/56
216-S-7 Crib PC 1/56 7/65
216-S-3 French Drain SC & CW 9/53 8/56
216-S-9 Crib PC 7/65 1/69

III 216-S-20 Crib PW 1/52 5/73

IV 216-S-4 French Drain SC & CW 8/53 8/56
216-S-21 Crib PC 4/54 2/69

V 216-U-11 Ditch PW 4/44 1957

VI 216-U-3 French Drain T/SW 5/54 8/55

VII 216-Z-1&2 Crib PW 6/49 4/69

VIII 216-U-1&2 Crib MLW 3/52 5/67

IX 216-U-4 Reverse Well PW 3/47 7/55
216-U-4A French Drain PW 7/55 7/70
216-U-4B French Drain PW 1/60 7/70

X 216-Z-7 Crib PW 2/47 2/67
216-Z-10 Reverse Well PW 2/45 6/45

XI 216-T-19 Crib and Tile
Field PC 9/51 7/80

XII 216-T-7 Crib and Tile
Field T/SW 7/78 11/55

XIII 216-T-28 Crib PW 2/60 12/66

XIV 216-T-3 Reverse Well MLW 6/45 8/46

XV 216-T-2 Reverse Well PW 1/45 5/50
216-T-8 Crib PW 5/50 9/51

NOTES: (from potentially least hazardous to potentially most hazardous)
SC & CW = Steam Condensate and Cooling Water
PC = Process Condensate
MLW = Miscellaneous Liquid Waste
PW = Process Waste
T/SW = Tank and Scavenged Waste

1-37
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or adjacent to the area. See Figure 1-18 for site locations in the 200 West
area.

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

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

The surface sediments in the 300 Area are largely wind-transported
sands and silts. These sediments, which were deposited in dunes up to about
3 meters(9.8 ft) in depth, have been largely stabilized by vegetation.
Below this layer lie 20 to 25 meters (66 to 82 ft) of coarse-grained
glaciofluvial deposits known as the Pasco Gravels; the permeability of
these deposits is very high.

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

The residence nearest the 300 Area is approximately 1.5 kilometers (0.9
mi) east across the Columbia River. A number of irrigated farms are located
just across the river from the 300 Area. The northern part of Richland,
lying within about 4 kilometers (2.5 mi) of the 300 Area, is an industrial
park. The nearest residences in Richland are about 4.6 kilometers (2.9 mi)
from the 300-Area boundary. The nearest city water intake is the Richland
pumping station, 6 kilometers (3.7 mi) downstream from the 300 Area.
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The sites within the 300 area include: 316-1 (Pond), 316-2 (Pond),

316-3 (Trench), 316-4 (Crib). See Figure 1-19 for the location of site

316-1 in the 300 area. Because of the location of the sites, they could not
be grouped for characterization or remediation.

The 400 Area is a controlled area of about 0.5 square kilometer (130

acres) located in the southeast part of the Hanford Site; it is

approximately 7.2 kilometers (4.5 mi) from the Columbia River and 6.2

kilometers (3.9 mi) from the nearest Site boundary.

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

The glaciofluvial deposits upon which the 400 Area is located extend

from the surface to a depth of about 45 meters (148 ft). The surface
sediments are coarse sands merging into the coarse Pasco gravels. The water

table beneath the 400 Area is in the upper part of the Ringold Formation, at a
depth of about 50 meters (164 ft).

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

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

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

o The Arid Lands Ecology (ALE) Reserve, a 310-square-kilometer (120-
sq-mi) tract set aside for ecological studies
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o A 4-square-kilometer (990-acre) tract leased to the State of

Washington, part of which is used for low-level waste disposal

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

o A 2.6-square-kilometer (640-acre) tract transferred to the State

of Washington as a potential site for the disposal of

nonradioactive hazardous wastes

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

and Wildlife Service

o A 225-square-kilometer (87-sq-mi) tract under permit to Washington

State Department of Game for recreational game management

o Support facilities for the controlled-access areas

o The Near-Surface Test Facility in Gable Mountain, which is part of

the Basalt Waste Isolation Project (BWIP) to assess the

feasibility of storing high-level radioactive waste in basalt

formations

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

just west of the 200-West Area within the reference repository

location. See Figure 1-20 for the 600 area map.

Although they are not of significance for this study, other Hanford
areas are in the downtown Richland area, where federal and contractor
employees work in the Federal Building and several others (700 Area), the

area south of the 300 Area primarily used for research and development (3000

Area), and the area between the 700 and 3000 Areas that is the main
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shipping, receiving, warehousing, transportation, maintenance, utilities,
and service station area (1100 Area). These areas include small oil-fired
boilers for space heating.

1.2 SUMMARY

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

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

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

* See Table 2-23

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

*-------------------------------------------------------------------------------------------*
Pathway

--------------------------------------------------------------------------------
Surface

Geophysics/
Soil Gas

$1,459,600

E $ 866,800
W $2,372,900

$3,239,700

$471,600

Groundwater'

$55,813,550

$41,622,400
$50,282,400
$91,904,800

$3,174,800

Vadose
Zone

$22,018,050

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

$121,674,100

$2,195,100

Surface
Water/

Sediments

$1,372,800

$810,400
$654,000

$1,464,400

$187,200

Source
Total

Cost**

$81,544,000

$219,443,000

$6,148,700

$307,135,700

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

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

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

Collection/Analysis) (see Note 9)

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

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

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

REMEDIAL TECHNOLOGY

Excavation with Soil Flushing Soil Flushing

Type of Disposal Grout-in- In-situ Excavation Incineration after after

Unit Cap/Cover Place Vitrification with Disposal and Disposal Soil Flushing Excavation Vitrification No Action

Cribs (min) 2.3 13 28 79 150 28 23 22 6.1

(Aug) 2.4 47 63 120 210 58 44 36 6.1

(max) 2.7 150 140 220 420 180 60 63 6.1

Ditch (min) 6.7 230 --- 1,200 --- 280 220 --- 6.1

(Aug) 7.9 230 --- 1,200 --- 280 220 --- 6.1

(max) 9.2 230 --- 1,200 --- 280 220 6.1

Drywell (min) 2.3 --- --- 79 --- --- --- 6.1

(Aug) 2.3 --- --- 79 --- --- --- --- 6.1

(max) 2.3 --- --- 79 --- --- --- --- 6.1

4I-a

French (min) 2.2 10 29 62 190 30 22 23 6.1

(Aug) 2.2 20 45 69 190 30 22 23 6.1

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

Pond (min) 6.0 42 250 1,300 --- 33 300 --- 6.1

(Aug) 7.6 200 300 1,400 --- 270 330 --- 6.1

(max) 12.0 510 350 1,500 --- 540 360 --- 6.1

Reverse (min) 2.2 19 --- --- --- 22 --- --- 6.1

Well (Aug) 2.2 19 --- --- --- 23 --- -- 6.1

(max) 2.2 19 --- --- --- 24 --- --- 6.1

Trench (min) 2.3 15 68 92 --- 8 --- --- 6.1

(Aug) 3.3 29 86 330 --- 21 --- 6.1

(max) 7.4 93 130 1,200 --- 74 --- --- 6.1
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of removal such as excavation and disposal. More detailed evaluation of
each site as a part of the Remedial Investigation/Feasibility Study will be
required to refine the cost estimates and provide the information required
by EPA and State of Washington Regulations for use in selection of a remedial
technology.

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

The Draft Phase I Installation Assessment of Inactive Waste-Disposal

Sites at Hanford, July 1986, Volumes 1 and 2, was the primary source of

information used for the summary descriptions of the CERCLA sites. This

information is presented in Tables 2-1 through 2-6. Table 2-3 combines

sources of information from Volume 1 (as referenced on the table itself),
that described the 81 CERCLA sites and indicates the subarea each site is

located in, the method of disposal (unit type) and the waste disposed of at

each site. From Table 2-3, Tables 2-1 and 2-2 were derived. Table 2-1

breaks the 81 sites into the number of sites located in each area and

subarea. Table 2-2 gives the number of each unit type used in a subarea.
Tables 2-4, 2-5 and 2-6 are sorts of Table 2-3. Table 2-3 has the sites
listed with the site numbers in ascending order. Table 2-4 orders the sites

by area. Tables 2-5 and 2-6 are ordered by unit type and waste disposed

respectively.

Table 2-1 indicates that 65% of the CERCLA sites are located in the 200
area, 29% in the 100 area and 4% in the 300 area. Table 2-2 lists dry wells
as a unit type while Volume 1 describes dry wells as monitoring measures of
liquid releases in the vadose zone. Reverse wells are described in Volume 1
as being used at earlier sites but eventually discontinued when it was found
that they released liquid wastes too close to the water table. It appears
that reverse wells were used at sites that were in operation before the
1950's and that dry wells replaced reverse wells at later sites.

2.1 DETERMINING THE NEED FOR REMEDIATION

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

Area Subarea No. of CERCLA

Sites

100 100-KE/KW 7

100-B/C 4

100-D/DR 5

100-F 6

100-H 3

Total 25

200 200 East 26

200 West 27

Total 53

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

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

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

100-D/DR Subarea
1 Crib
4 Trenches

100-F Subarea
5 Trenches
1 French Drain

100-H Subarea
1 French Drain
2 Trenches

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

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

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

81 Priority Sites Recommended for Characterization.

Site No. (1)

100 KE*1
100 KE*2
100 KW*1
100 KW*2
116-B-i
116-B-4
116-C-4
116-C-2
116-DR-
116-DR-2
116-DR-6
116-DR-7
116-D-IB
116-F-1
116-F-10
116-F-2
116-F-3
116-F-6
116-F-9
116-H-1
116-H-2
116-H-3
116-KE-2
116-K-1
116-K-2
216-A-21
216-A-24
216-A-27
216-A-28
216-A-36A
216-A-4
216-A-40
216-A-5
216-A-6
216-A-7
216-A-9
216-B-10A
216-B-16
216-B-2-2
216-B-43
216-B-44
216-B-45
216-B-46

Area (12)

100 -KE/KW
100-KE/KW
100-KE/KW
100-KE/KW

100- B/C
100-B/C
100-B/C
100-B/C
100-D/DR
100-D/DR
100-D/DR
100-D/DR
100-D/DR

100-F
100-F
100-F
100-F
100-F
100-F
100-H
100-H
100-H

100-KE/KW
100-KE/KW
100-KE/KW

200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East

Unit Type (12)

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

French Drain (12)
Trench

French Drain
Trench
Crib

Trench
Trench
Trench
Crib

Trench
Trench

French Drain
Trench
Trench
Trench
Trench
Trench
Trench

French Drain
Crib
Crib
Trench

Crib (11&12)
Crib (12)

Crib (11&12)
French Drain

Crib
Crib (11&12)

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

Crib
Crib (12)

Ditch.
Crib

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

Waste Disposed

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

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

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

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

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

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

Misc. (2)
RC (2)

Misc. Liquid Waste (3)
PW (3)

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

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

MLW (3)
MLW (3)

Process Waste (3)
PW (4)

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

T/SW (4)
T/SW (4)
T/SW (4)
T/SW (4)
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TABLE 2-3. HANFORD INACTIVE WASTE SITES SORTED BY SITE ID.
(Continued)

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

Site No. (1)

216-B-48
216-B-49
216-B-49
216-B-50
216-B-6
216-B-7 A&B
216-C-1
216-C-10
216-S-16D
216-S-16P
216-S-17
216-S-1&2
216-S-20
216-S-21
216-S-3
216-S-4
216-S-5
216-S-6
216-S-7
216-S-9
216-T-19
216-T-2
216-T-28
216-T-3
216-T-7
216-T-8
216-U-11
216-U-1&2
216-U-3
216-U-4
216-U-4A
216-U-4B
216-Z-10
216-Z-1&2
216-Z-7
316-1
316-2
316-3

Area (12)

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
300
300
300

East
East
East
East
East
East
East
East
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
West
Area
Area
Area

Unit Type (12)

Crib (12)
Crib (12)
Reverse Well
Crib (12)
Reverse Well

Crib
Crib
Crib
Ditch
Pond
Pond
Crib
Crib
Crib

French Drain
French Drain

Crib
Crib
Crib
Crib

Crib & Tile Field
Reverse Well

Crib
Reverse Well

Crib & Tile Field
Crib

Ditch'
Crib

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

Reverse Well
Crib
Crib

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

Trench

Waste Disposed

Steam
Steam
Steam

Steam
Steam
Steam
Steam

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

PW (4)
T/SW (4)

PC (5)
PC (5)

Condensate, Cooling
Condensate, Cooling
Condensate, Cooling

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

Condensate, Cooling
Condensate, Cooling
Condensate, Cooling
Condensate, Cooling

PC (6)
PC (6)
PC (7)
PW (7)
PW (7)
MLW (7)
T/SW (7)
PW (7)
PW (8)
MLW (8)

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

PW and Lab Wastes (
PW and Lab Wastes (
PW and Lab Wastes (

References used in columns are given at the top of the column headings. The
reference used in Unit Type is given at the column heading unless
additional or different sources are listed in parenthesis for for a given
site. References used for Waste Disposed are given in parenthesis for a
site.
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Water
Water
Water

Water
Water
Water
Water

(6)
(6)
(6)

(6)
(6)
(6)
(6)

10)
10)
10)



TABLE 2-4. HANFORD INACTIVE WASTE SITES SORTED BY AREA.

81 Priority Sites Recommended for Characterization.

Area (12)

100-B/C
100-B/C
100-B/C
100-B/C
100-D/DR
100-D/DR
100-D/DR
100-D/DR
100-D/DR
100-F
100-F
100-F
100-F
100-F
100-F
100-H
100-H
100-H
100-KE/KW
100-KE/KW
100-KE/KW
100-KE/KW
100-KE/KW
100-KE/KW
100-KE/KW
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East
East

Site No. (1)

116-8-4
116-B-I
116-C-2
116-C-1
116-DR-2
116-DR-7
116-DR-6
116-D-1B
116-DR-1
116-F-1
116-F-9
116-F-2
116-F-3
116-F-6
116-F-10
116-H-1
116-H-3
116-H-2
100 KW*2
116-KE-2
116-K-1
100 KE*1
100 KW*1

100 KE*2
116-K-2
216-B-44
216-B-43
216-A-24
216-A-21
216-A-28
216-B-45
216-A-4
216-B-46
216-A-5
216-B-48
216-A-7
216-B-49
216-B-10A
216-B-5
216-B-2-2
216-B-50
216-A-36A
216-B-6
216-A-6
216-B-7 A&B
216-B-16

Unit Type (12)

French Drain
Trench
Crib

Trench
Trench
Crib

Trench
Trench
Trench
Trench
Trench
Trench
Trench
Trench

French Drain
Trench

French Drain
Trench

French Drain (12)
Crib
Crib

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

Trench
Crib (12)

Crib
Crib (12)

Crib (11&12)
French Drain

Crib (12)
Crib (11&12)

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

Crib
Reverse Well

Ditch
Crib (12)

Crib
Reverse Well

Crib (12)
Crib

Crib (12)

Waste Disposed

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

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

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

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

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

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

Tank/Scavenged Waste (3)
PW (3)

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

Process Condensate (3)
T/SW (4)

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

Steam Condensate, Cooling Water (4)
T/SW (4)
MLW (3)
PW (4)

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

81 Priority Sites Recomended for Characterization.

Area (12)

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

Site No. (1)

216-C-1
216-A-40
216-A-27
216-A-9
216-C-10
216-S-17
216-T-3
216-T-7
216-S-16D
216-T-8
216-S-20
216-U-11
216-S-3
216-U-1&2
216-S-5
216-U-3
216-S-7
216-U-4
216-T-19
216-U-4A
216-T-28
216-U-4B
216-S-1&2
216-Z-10
216-S-4
216-Z-1&2
216-S-9
216-Z-7
216-S-16P
216-S-6
216-T-2
216-S-21
316-1
316-2
316-3

Unit Type (12)

Crib
Trench

Crib (11&12)
Crib (12)

Crib
Pond

Reverse Well
Crib & Tile Field

Ditch
Crib
Crib
Ditch

French Drain
Crib
Crib

French Drain
Crib

Reverse Well (11&12)
Crib & Tile Field

French Drain (11&12)
Crib

French Drain (11&12)
Crib

Reverse Well
French Drain

Crib
Crib
Crib
Pond
Crib

Reverse Well
Crib

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

Trench

Waste D[isposed

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

MLW (3)
Process Waste (3)

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

MLW (7)
T/SW (7)

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

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

Steam Condensate, Cooling Water (6)
T/SW (8)
PC (6)
PW (8)
PC (7)
PW (8)
PW (7)
PW (8)
PC (6)
PW (9)

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

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

PW (7)
PC (6)

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

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

81 Priority Sites Recomnended for Characterization.

Unit Type (12)

Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib
Crib

Crib & Tile Field
Crib & Tile Field

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

Ditch
Ditch
Ditch

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

Site No. (1) Area (12)

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

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

200 East
200 East
200 East
200 East
200 East
200 East
200 West
200 West
200 West
200 West
200 West
200 West
200 West
200 West
200 West
200 West
200 West
200 West
200 West
200 West
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 West
200 West

100-KE/KW
100-KE/KW
100-B/C
100-F

Waste Disposed

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

RC (2)
T/SW (4)
PC (5)

T/SW (4)
PC (5)
PW (4)
MLW (3)
PW (9)
PC (6)
PC (6)
PC (6)

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

Steam Condensate, Cooling Wate
PW (9)
PW (6)
.PW (7)
T/SW (7)
PC (7)
MLW (3)
MLW (3)
PW (3)

Process Condensate (3)
T/SW (4)

Tank/Scavenged Waste (3)
T/SW (4)
T/SW (4)
T/SW (4)
MLW (3)
MLW (3)

T/SW (4)
Process Waste (3)

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

Steam Condensate, Cooling Wate
Steam Condensate, Cooling Wate

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

Decontamination Waste (2)
RC (2)

r (6)

r (6)

r (4)
r (6)
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TABLE 2-5. HANFORD INACTIVE WASTE SITES SORTED BY UNIT TYPE.
(Continued)

81 Priority Sites Recommended for Characterization.

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

French Drain 116-H-3 100-H DW (2)
French Drain 216-A-28 200 East MLW (3)
French Drain 216-S-4 200 West Steam Condensate, Cooling Water (6)
French Drain 216-U-3 200 West T/SW (8)
French Drain 216-S-3 200 West Steam Condensate, Cooling Water (6)
French Drain (11&12) 216-U-4B 200 West PW (8)
French Drain (11&12) 216-U-4A 200 West PW (8)
French Drain (12) 100 KW*2 100-KE/KW Misc. (2)
French Drain (12) 100 KE*2 100-KE/KW Misc. (2)

Pond 216-S-17 200 West Steam Condensate, Cooling Water (6)
Pond 216-S-16P 200 West Steam Condensate, Cooling Water (6)

Pond (11&12) 316-2 300 Area PW and Lab Wastes (10)
Pond (11&12) 316-1 300 Area PW and Lab Wastes (10)
Reverse Well 216-B-6 200 East PW (4)
Reverse Well 216-B-5 200 East T/SW (4)
Reverse Well 216-T-2 200 West PW (7)
Reverse Well 216-Z-10 200 West PW (9)
Reverse Well 216-T-3 200 West MLW (7)

Reverse Well (11&12) 216-U-4 200 West PW (8)
Trench 116-B-1 100-B/C Reactor coolant (a) (2)
Trench 116-C-1 100-B/C RC (a) (2)
Trench 116-DR-6 100-D/DR RC (2)
Trench 116-DR-2 100-D/DR RC (2)
Trench 116-DR-1 100-D/DR RC (2)
Trench 116-D-iB 100-D/DR DW (2)
Trench 116-F-1 100-F DW (2)
Trench 116-F-2 100-F RFE (2)
Trench 116-F-3 100-F RFE (2)
Trench 116-F-6 100-F RC (2)
Trench 116-F-9 100-F Misc (2)
Trench 116-H-1 100-H RFE (2)
Trench 116-H-2 100-H RC (2)
Trench 116-K-2 100-KE/KW Misc. Liquid Waste (3)
Trench 216-A-40 200 East Steam Condensate, Cooling Water (3)
Trench 316-3 300 Area PW and Lab Wastes (10)

-------------------------------------------------------------------------
References used in columns are given at the top of the column headings. The
reference used in Unit Type is given at the column heading unless
additional or different sources are listed in parenthesis for for a
given site. References used for Waste Disposed are given in parenthesis
for a site.
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TABLE 2-6. HANFORD INACTIVE WASTE SITES SORTED BY WASTE DISPOSED.

81 Priority Sites Recommended for Characterization.

Waste Disposed

Decontamination Waste (2)
DW (2)
DW (2)
DW (2)
Misc (2)

Misc. Liquid Waste (3)
Misc. (2)
Misc. (2)
Misc. (2)
Misc. (2)
Misc. (2)
Misc. (2)
MLW (3)
MLW (3)
MLW (3)
MLW (3)
MLW (3)
MLW (3)
MLW (7)
MLW (8)
PC (5)
PC (5)
PC (6)
PC (6)
PC (6)
PC (6)
PC (7)

Process Condensate (3)
Process Waste (3)

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

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

Site No. (1)

116-B-4
116-H-3
116-F-I

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

100 KE*1
116-KE-2
100 KW*1
100 KE*2
100 KW*2
116-DR-7
216-A-27
216-A-28
216-A-4

216-A-36A
216-A-7

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

Area (12)

100-B/C
100-H
100-F

100-D/DR
100-F

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

Unit Type (12)

French Drain
French Drain

Trench
Trench
Trench
Trench

Dry Well (11&12)
Crib

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

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

Crib
Crib (12)
Crib (12)

Reverse Well
Crib
Crib
Crib
Crib
Crib
Crib
Crib

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

Pond (11&12)
Trench

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

Crib
Reverse Well

Crib
Crib

Reverse Well
Crib

French Drain (11&12)
French Dra'in (11&12)

Ditch
Reverse Well (11&12)

Crib
Reverse Well

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

81 Priority Sites Recommended for Characterization.

Waste Disposed

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

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

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

Ruptured Fuel Effluent (2)
Steam
Steam
Steam
Steam
Steam
Steam
Steam
Steam
Steam

Condensate,
Condensate,
Condensate,
Condensate,
Condensate,
Condensate,
Condensate,
Condensate,
Condensate,

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

Cooling Water
Cooling Water
Cooling Water
Cooling Water
Cooling Water
Cooling Water
Cooling Water
Cooling Water
Cooling Water

Waste (3)

(3)
(4)
(6)
(6)
(6)
(6)
(6)
(6)
(6)

Site No. (1)

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

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

Area (12) Unit Type (12)

100-KE/KW
100-H

100-D/DR
100-D/DR

100-F
100-F

100-D/DR
100-B/C
100-B/C

100-F
100-H
100-F

100-B/C
200 East
200 East
200 West
200 West
200 West
200 West
200 West
200 West
200 West
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 East
200 West
200 West

Crib
Trench
Trench
Trench
Trench

French Drain
Trench
Trench
Trench
Trench
Trench
Trench
Crib

Trench
Ditch
Ditch
Crib
Pond
Crib

French Drain
Pond

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

Reverse Well
Crib (12)
Crib (12)
Crib (12)
Crib (12)

Crib
Crib

Crib & Tile Field
French Drain

References used in columns one and two are given at the column headings.
The reference used in column three, Unit Type, is given at the column
heading unless additional, or different, sources are listed in parenthesis
for for a given site. References used for column four, Waste Disposed, are
given in parenthesis for a site.

2-11



Draft September 3, 1987

The criteria of importance in establishing whether a site if a potential

CERCLA site or a RCRA 3004(u) site are presented in Table 2-7. In addition,

the table provides a checklist for the information that is important to

determining if there is a need for remediation. The matrix is divided into
two sets of criteria, one set appropriate to CERCLA sites and one

appropriate to RCRA 3004(u) sites. If a site meets all the criteria under

the CERCLA listing, remedial action is required under 40 CFR 300. This

remedial action may involve the collection of additional data to
characterize the site, and/or the selection of a remedial alternative.

Sites meeting only some of the criteria may be potential 3004(u) sites.

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

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

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

1. Principal injury, radiation, and exposure hazards

o Injestion of contaminated groundwater or surface water

o Direct contact with wastes

o Fire and explosion
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TABLE 2.7. CRITERIA APPLICABLE TO DETERMINING NEED FOR

A FORM FOR SITE EVALUATION
REMEDIATION -

Release of Site not Used HRS or mHRS Unit Used to Hazardous Likely to have a Likely to have had
Site Hazardous Material Since 11/19/80 score >28.5 Manage Solid Waste Constituents Future Release a Past Release

Note: a. A site requires Remedial Action under CERCLA if the site has an affirmative
If only affirmative under 1 and 2 it may still be a potential CERCLA site,
under 40 CFR 300.

determination under 1, 2 and 3.
but not one requiring remediation

b. A site which is not a CERCLA site with an affirmative determination for 4 and 5; and an affirmative finding
for 1, 6, or 7 will require some type of remediation under corrective action regulation being currently
developed by U.S. EPA.
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o Migration to contaminate drinking water or other human use

resources, or to result in direct contact

o Waste characteristics, toxicity, and persistence

o Radioactive materials.

2. Physical security and safeguard requirements

o Accessibility to hazardous substances

o Containment of wastes and contamination

o Proximity to populations and resources

3. Site location

o Environmental setting (depth to aquifer of concern, unsaturated

zone permeability, slope, surrounding terrain, distance to surface

water)

o Land use and resource use

o Proximity to populations, sensitive environments, and resources

4. Risk and Natural forces

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

o Chemical toxicity and radioactive materials.

The only criteria addressing artificial forces are containment and fire

and explosion. The HRS/mHRS does not address regulations, codes, standards,

and guides. However, these issues as well as many of the criteria addressed

above are considered further under the selection of remediation. The
CERCLA/SARA identify many of these criteria as the bases for assessment of

remedial alternatives during the selection process.

The data used in the HRS process usually varies in quality from site to

site and may require that some assumptions be made regarding site

conditions, waste constituents, migration pathways, and potential receptors

in order to develop a site score. When data quality is poor, the resulting
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score may be an artifact of the assumptions rather than a reasonable
representation of the contamination situation. Under such circiustances,

additional information (including limited sampling) may be conducted as part
of the CERCLA site inspection (DOE Phase IIa) in order to confirm important

assumptions. Site scores may then be reevaluated based on the new data.

As a result, site scores may change and additional sites may be removed from

consideration. Again, the need for remediation is determined by a site

score greater than 28.5.

With the passage of the Superfund Amendments and Reauthorization Act of

1986 (SARA), all facilities, including federal facilities, are required to

undertake a Remedial Investigation/Feasibility Study (RI/FS) for sites which
qualify for the NPL (Scores greater than 28.5).

2.2 APPROACH TO DEVELOPING SITE CHARACTERIZATION METHODOLOGY

Requirements for characterizing the CERCLA sites derive from CERCLA and

SARA regulations, particularly "applicable or relevant and appropriate
regulations" (ARARs, see report) and the need for collecting site-specific
information for ensuring that implemented remedial actions are capable of
achieving and maintaining ARARs. Such information includes identification

and quantification of contaminants (i.e., the source), identification and
characterization of probable pathways of transport, and identification and
characterization of probable receptors. This information is used to define

the site and the problems caused by the site and to predict the effects of
potential remedial action alternatives. Site-specific information is

generally obtained through the use of multiple investigation techniques. The
approach to developing the site characterization methodology integrates

regulatory requirements, contaminant transport pathways of concern, and

potentially applicable site characterization methods to establish a
framework for planning the investigation of each of the CERCLA sites. The

steps involved in developing the approach are summarized in the following

subsections.

The methodology for characterizing the CERCLA sites is designed to

provide necessary and sufficient data to allow definition of the sites and
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their problems; and to support the evaluation, selection, and

implementation of appropriate remedial actions for meeting regulatory
requirements and providing protection of public health and the environment.

The methodology, which will guide and focus the development of site

characterization plans consists of the following steps:

o Step 1 - Identify requirements for site characterization.

"Requirements", as used herein, refers to the regulatory requirements

of EPA and the State of Washington and directives issued by DOE.

Regulations and directives have been evaluated in this Task for their

applicability to the Hanford CERCLA sites; the specific requirements

in each regulation will be identified in the preparation of site

characterization plans.

o Step 2 - Identify pathways for each site. "Pathways" refers to the

route(s) that contaminants could follow in transport from the source

(the site) to receptors (human populations and/or plant and animal

species). Pathways can consist of one or more environmental media.

Potential pathways have been identified in this task for each site on

using available information on the nature and environmental

settings of the sites.

o Step 3 - Determine methods for characterizing sites. "Methods" refers

to those activities that could be conducted to provide definition of

the sites, the site problem, and the site setting. Site

characterization methods are generally considered to consist of on-site

investigation of the site using existing data and through the

collection and evaluation of new data for sites for which relatively

little data are available. Potentially applicable site investigation

techniques have been identified in this task for the potential

transport pathways.

During the site characterization activity information must be obtained on

the following topics:
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o Waste source -- physical and chemical aspects of the waste materials

(solubility, persistence, quantity, toxicity) and the media-in which

they are contained.

o Geology -- structures influencing groundwater movement, geologic

properties of aquifers and confining units (porosity, permeability,

geochemistry).

o Groundwater -- direction and rate of flow, seasonal/temporal

variations, aquifer properties, recharge/discharge areas.

o Surface Water -- drainage patterns, runoff, seasonal variations,

sediment pathways.

o Pedology -- characteristics of surface soils and soils in the

vadose zone, porosity, soil chemistry.

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

o Public health -- demography, public use of groundwater surface

water, and exposed animals/plants, contaminant toxicity.

o Plant and animal species -- bioaccumulation of contaminants,

populations of plant/animal species.

2.2.1 Identification of Remedial Action Requirements

The site characterization process has three primary purposes. First,

site characterization should define the nature and extent of contamination

(waste type, concentration, and distribution). Second, it should allow data

quality objectives (DQOs) to be refined. Finally, it should assess the need

for treatability studies. This process is required for collection of data

to determine the need for, and extent of, remedial action.

Since the information gathered in the remedial investigation is then

used to proceed to the feasibility study, the process of selecting
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appropriate remedial action activities requires that the concentration and

distribution of contaminants be determined. In order to accompl.sh this

goal, it is necessary to identify the requirements as stated in Federal and
State regulations and guidance. Table 2-8 identifies the specific regulations
containing the requirements applicable to site characterization. In the

matrix, the specific sections of each source which provides the requirement

are noted. These sources contain very specific requirements which will be
identified as part of the development of the site characterization plan.

2.2.2 Identification of Site-Specific Contaminant Transport Pathways of
Concern

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

o Groundwater

o Surface soils

o Vadose zone

o Air

o Surface water

o Sediments

o Waste source

o Plant uptake

o Animal uptake

2.3 SITE CHARACTERIZATION METHODOLOGY

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

Sources for Remedial Action Requirements

Federal State

Remedial Action Activities Regulations SARA
(PI 99-967)

Policy/Guidance/

Orders Regulations Policy/Guidance

Remedial Investigation 40 CFR 300.67 Title 1 DOE 5480.14
Sec.120 EPA Directive

9355.0-19

Site Characterization DOE 5480.14

Pathways Characterization WAC 173-304-490

Receptors Characterization

Problem Definition

Feasibility Study 40 CFR 300.68 DOE 5480.14

Cleanup Criteria 40 CFR 116.4 Title 1 EPA Directive WAC 173-201
117.3 Sec.120 9355.0-19 173-303
141.11 173-304
141.12 -9901

141.15
141.16
141.50
141.61

143.3

Evaluation factors 10 CFR 61.41- Title 1
61.44 Sec.121

Cost-effectiveness Title 1
Sec.121

Selection/documentation 40 CFR 300.70
300.69

Implementation

Permitting Title 1 WAC 173-216

Sec.121 173-303
Compliance with other laws 10 CFR 61.41 173-304

61.43

61.44

rN)
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study and the implementation of the selected remedial action. Site

information should be sufficient to determine the necessity, extent, and

feasibility of remedial actions, evaluate costs of potential remedial action
alternatives, allow for the prioritization of sites based on threat to human

health and the environment, and perform any required risk assessments.

The site characterization methodology consists of evaluation of

existing data and collection and evaluation of additional data. Additional

data may need to be collected and evaluated in more than one round in order

to provide data on the sites and site problems sufficient to allow the
evaluation, selection, and implementation of remedial actions.

2.3.1 Evaluation of Existing Data

The first step in site characterization is to locate, compile, and

evaluate data available for each site. Investigators will, to the extent

allowed by the available data, compile a site description, history, and
chronology of significant events that will aid in planning subsequent
detailed characterization efforts. Existing data will be evaluated to
determine the following:

o Locations, quantities, concentrations, and characteristics of hazardous

waste disposed at each site. The investigators will evaluate results

of previous sampling, results of chemical and physical testing, and

records of disposal practices and operating procedures to characterize
the properties of the hazardous waste disposed at each site.

o Pathways and extent of contaminant migration. The investigators

will evaluate existing monitoring data (water, soil, sediment, air,
biota) and regional and site-specific information pertaining to site
geology, pedology, hydrogeology, meteorology, and biology to identify

the pathways and extent of contaminant migration at the site.

o Human and environmental receptors. The investigators will evaluate

demographic and land use information, surface water/groundwater use

adjacent and downstream/downgradient of the site, regional and site

2-20



Draft September 3, 1987

ecology, and the results of biological testing to identify the human

populations and environmental species potentially impacted by the site.

o The impact of the site on human and environmental receptors. The

investigators will evaluate the site with respect to waste

characteristics and probable transport pathways to determine the site's

impact on humans and the environment.

o Factors that must be considered in future field investigations (e.g.,

site-specific health and safety requirements, limitations in conducting

field activities, extreme weather, or difficult terrain).

This information to characterize CERCLA sites can be grouped into four

general categories:

1. Environmental Setting - These data characterize the regional

aspects of the area that impact the movement of contaminants from
the site and the potential of exposure to them. They include

topography, regional hydrologic characteristics, meteorology,

biota, soil type, among others. Secondary data sources contain

sufficient information to define the environmental setting of the
Hanford site.

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

3. Environmental Concentrations - These data define the extent,
direction, and rate of migration of contaminants in the ground,

water, and air. Extensive sampling will be needed to develop a
sufficient data base of environmental concentrations at the
Hanford site.

4. Potential Impacts on Receptions - These data describe the human

population likely to be exposed to contaminants and the pathways
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through which the exposure is likely to occur. Available demo-

graphic information and the findings from the environmental

sampling activities will provide the basis for making these

assessments at Hanford.

The extent and completeness of the available data to characterize the

site is discussed below:

2.3.1.1 Environmental Setting

The information needed to understand the environmental setting of the

Hanford Reservation and the surrounding area is assessed in this subsection.

The information required for the environmental setting must be suffi-

cient to allow an understanding of the factors impacting the source of

contamination to the potential receptor; and the movement of the contaminant

through the environment. The documents listed below and a few supplemental

reports are sufficient to define the environmental setting. (It should be

noted that information for the 200 Area is more extensive than for the other

Hanford Reservation areas.)

Regional geology is essential to a discussion of the environmental

setting. This includes information on the stratigraphy and structure of the

area along with information regarding seismicity and tectonics. Also

included should be information about geomorphology, geochemistry and soils.

Another important aspect of the regional setting is geohydrologic and

hydrologic conditions. This discussion should address surface water condi-

tions and characteristics, groundwater flow, pathways and bedrock structures
and sources of drinking water including information dealing with confined
and unconfined aquifers and vadose zone characteristics.

Information on meteorological and air quality conditions are.also key

elements of this section of the site characterization. Within this section

wind direction and speed should be addressed along with the ranges of
temperature and humidity, precipitation and dispersion conditions.
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Terrestrial and aquatic ecosystems also have a role in the regional dis-
cussion. These include environmental quality, agricultural and other land

use, vegetation and radiological conditions. Discussion should also include

area mammals, birds, reptiles, insects, amphibians, and all threatened and

endangered species.

Additionally, a discussion of natural resources such as archaeological,

cultural and historical resources should be included. A discussion of

population density and distribution and possible socioeconomic conditions

may also be included.

For the Hanford Reservation and the surrounding area, information of

the kind described above can be found in four documents.

o U.S. Department of Energy (U.S. DOE). Draft Phase I Installation

Assessment of Inactive Waste-Disposal Sites at Hanford. Volume I.
Methods and Analysis. Washington, D.C. July 1986.

o United States Energy Research and Development Administration.

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

December 1975.

o U.S. Department of Energy. Environmental Assessment Reference
Repository Location Hanford Site Washington. Volume I of 3.

DOE/RW-0070. Washington, D.C. May 1986.

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

2.3.1.2 Hazardous and Radioactive Substances

Chemical and radioactive waste disposal inventories from documented
sources are available for each source within the 100, 200 and 300 Areas.
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There are indications, however, that undocumented release to the sites also

took place. Key constituents and concentrations of the chemicals and radio-

nuclides are given in these documented inventories. Volumes of liquid waste

disposed of at the disposal sites are listed along with the nature of the

disposal site. Radioactive materials releases and unplanned releases (i.e.,
spills, etc.) information is present in the documents that were reviewed

under this task. In addition, well logs are needed for existing wells. The

availability of this information could not be determined.

The following documents contain chemical and radionuclide inventories:

o U.S. Department of Energy (U.S. DOE). Draft Phase I Installation

Assessment of Inactive Waste-Disposal Sites at Hanford. Volume I.
Methods and Analysis. Washington, D.C. July 1986.

o U.S. Department of Energy (U.S. DOE). Draft Phase I Installation

Assessment of Inactive Waste-Disposal Sites at Hanford. Volume
II. HISS Data base. Washington, D.C. July 1986.

o United States Energy Research and Development Administration.

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

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

2.3.1.3 Environmental Concentrations

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

GENERAL PATHWAY CHARACTERISTICS

Groundwater

Unconfined Aquifer

Boundaries and Location

Aquifer Hydraulics

Hydrochemistry
Contaminants
Stratigraphy

Structure

Recharge/Discharge

Well Data

DATA ADEQUACY

100 Area 200 Area 300 Area

Groundwater Unconfined Aquifer

3

2

2
1

3

1

2

3

1

2
2
2

1

2

2

PURPOSE OR RATIONALE

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

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

Confined Aquifer

Boundary and Location
Aquifer Hydraulics
Hydrochemistry
Contaminant
Stratigraphy
Structure
Recharge/Discharge
Well Data

Groundwater Confined Aquifer

2

1

2
2
3
1
2

3
1

Surface Soils

Spatial Distribution
Hydraulics

Chemistry

Podology
Biology

Contaminants in Surface Soil Environment

1

1
1
2

3
1
1
2
2
3
1
2

Surface Soils

3
2

2

2
1
2

2
2
3
1
2
3

1

1

2

Determine spatial extent of contaminant
resulting from infiltration of transported
contaminant resulting from precipitation,
spills, airborne particulates or overload
flows
Surface soil is the first soil horizon to
vadose zone (see vadose zone for
similarities)

M)

N,
(Ln

I
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TABLE 2-9. ADEQUACY OF PATHWAY CHARACTERISTICS DATA (Continued)

GENERAL PATHWAY CHARACTERISTICS

Vadose Zone

DATA ADEQUACY

100 Area 20U Area 300 Area

Vadose Zone

PURPOSE OR RATIONALE

1Unsaturated Hydraulics

Unsaturated Zone Chemistry

Podology

Biology

Soil Gas
Contaminants

2

2

1

2

1

2

Air

Meterological Parameters

Weather Extremes

Surface Water

2

2

2

2

1

2

2

Surface Water

River

Hydraulics/Geometry
Chemistry

Ground Water - Surface Water Relationships
Location/Quantities
Chemistry

Drainage
Location/Quantities

1

1
1

2

1
1

1
11

2 2

i
I

Sediments

Physical Characteristics
Chemistry

Mineralogy
Contaminants

1

1

1 1

1
Determine water/sediment partiitioning of
contaminants.

Footnotes
(1) Complete sampling effort required resulting from an absence of information.
(2) Moderate sampling effort required to supplement the existing data.
(3) No further sampling effort required because sufficient data exists that is diagnostically useful.
(0) = 3

Air

N)

Sediments

I

Estimate the transport of contaminant through
soil matrix
Predict mobility of contaminant through the
soil and determine environmental setting for
chemical degradation for by-products
Determine the effects of physical properties
on infiltration, retardation and attenuation
of contaminant species
Understand the biological degradation
by-products

Determine path of migration and contaminant
type.

Determine contributions from other dispersion
of contaminants from other sources, weather
variation and outcome on remediation,
defining recharge and evapotranspiration

Determine the degree of contaminant transport
and quantity of contaminants

Evaluate for contaminant pathway cycling

Determine water/sediment partitioning and
capacity for water to assimilate contaminant

Determine if chemical flow or overload flow
will remove contaminants offsite or on.
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1) Little or no data is available and a complete sampling effort is

needed

2) Sampling is needed to supplement the existing data base

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

is needed.

This evaluation provides a basis for developing in the following section the

sampling recommendations for generating the additional information to fully

characterize the environmental condition of the sites.

2.3.1.4 Potential Impacts on Receptors

A quantitative risk assessment requires environmental, toxicological

and exposure information. This information is used to assess the degree of

degradation in environmental quality and to determine the potential risk to

receptors in the environment.

Some information is available to help make these assessments. This

information shows that potential receptors may eventually be impacted by

contaminants from Hanford and a comprehensive risk assessment will probably

be required.

The following documents contain the most extensive data:

o U.S. Department of Energy (U.S. DOE). Draft Phase I Installation

Assessment of Inactive Waste-Disposal Sites at Hanford. Volume I.

Methods and Analysis. Washington, D.C. July 1986.

o U.S. Department of Energy (U.S. DOE), Richland Operations Office.

Hanford Environmental Management Program Plan. Richland,

Washington. November 1986.
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o United States Energy Research and Development Administration.

Final Environmental Statement - Waste Management Operations

Hanford - Reservation, Richland, Washington. ERDA-1538 UC70.

December 1975.

o U.S. Department of Energy. Environmental Assessment Reference

Repository Location Hanford Site Washington. Volume I of 3.

DOE/RW-0070. Washington, D.C. May 1986.

o U.S. Department of Energy. Environmental Assessment Reference

Repository Location Hanford Site Washington. Volume II of 3.

DOE/RW-0070. Washington, D.C. May 1986.

This information, plus the results from the sampling activities should

provide sufficient data to conduct a quantitative risk assessment of the

100, 200 and 300 Areas.

2.3.2 Collection and Evaluation of Additional Data

If existing information is not sufficient to meet the data needs of the

feasibility study, additional information must be obtained. The collection

and evaluation of additional data will serve two purposes. First,

additional data will verify the information gathered from existing sources

(e.g., pathways, receptors, contaminants of concern). Second, additional

investigations will provide an opportunity to collect data that will support

the development and screening of remedial action alternatives.

2.3.2.1 Identification of Potentially Applicable Site Characterization

Methods.

Site investigation methods appropriate to the environmental setting of

the CERCLA sites and the identified potential pathways of concern were

identified for consideration in the development of site-specific
characterization plans. The methods, each of which was determined to be

potentially applicable to the sites, include:
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o Soil borings and sampling and analysis/testing of the soil column.

o Test pit excavation, direct observation of subsurface conditions, and

sampling and analysis/testing of excavated material.

o Groundwater monitoring well installation,sampling and analysis of

groundwater, monitoring groundwater levels.

o Piezometer installation and monitoring groundwater levels.

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

zone.

o Sampling and analysis/testing of biota (terrestial and aquatic plants

and animals).

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

compounds.

o Grab sampling and analysis of wastes, surface soils, surface water,

and/or sediments.

o Remote sensing (i.e., geophysical surveys) of subsurface conditions,

such as geologic anomalies and strata, contaminant distribution, and
locations of underground structures:

- ground-penetrating radar

- electromagnetic induction

- earth resistivity

- borehole resistivity

- borehole conductivity.

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

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

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

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

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

2.3.2.2 Compliance of Site Characterization Methods with Environmental
Regulations

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

Potential Environmental Pathways

Characterization Methods 6roundater Surface Soil Vadose Zone Air Surface Water Sediments Waste Source Plant Uptake Animal Uptake

borings* x x x

Test Pits* x x x

well Installation/Sampling* x x x x

Plezometer Installation* X

mand Auger Saples* x

Soil Gas* x x x

siological Samples' x x

Air Monitoring& x

Grab Sample Collection* x X x X

Geophysical Surveys
Ground Penetrating Radar x x x
Electromagnetic Induction x x x

Earth Resistivity x x x
Borehole Methods
Resistivity x x x
Conductivity x x x

Aquifer Tests x

Nodal* x x x x x x x X x

Aerial Photography I

Infrared Imagery x X

* Samples obtained using these methods can be analyzed for a suite of organic chemical, Inorganic chemical and radioactive contaminants.
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TABLE 2-11. COMPLIANCE OF SITE CHARACTERIZATION METHODS WITH ENVIRONMENTAL REGULATIONS

Environmental Regulations

Characterization

Methods
Federal,

Regulations

Federal State
Guidance Regulations

Drilling/sampling/

analysis

Well installation/
sampling analysis

40 CFR 264.90

40 CFR 147.2400

40 CFR 141.23

40 CFR 141.24

40 CFR 141.25

RCRA
Groundwater

Monitoring
Technical
Enforcement
Guidance
Document

WAC173-304-490
173-160

Hand auger sampling/

analysis

Soil gas sampling/
analysis

Geophysical surveys

Local

N)3
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2.4 PLAN FOR CONDUCTING THE SITE CHARACTERIZATION

The plan presented here is designed to identify contaminants and

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

should be addressed:

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

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

o Determination of existing surface and groundwater quality and

characterization of chemical nature of contaminant plume

o Determination of the direction and rate of contaminant movement.

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

o Stage II:

o Stage III:

o Stage IV:

o Stage V:

Review Existing Measurements Data

Conduct Proximity Contaminant Survey and Evaluation

for the Unconfined Aquifer

Conduct Distal Contaminant Survey and Evaluation

for the Unconfined Aquifer

Conduct Confined Aquifer Survey and Evaluation

Conduct Sampling of Surface Water and Sediments and

Final Data Evaluation

Staae I: Review Existina Data

The first stage reviews and evaluates existing environmental measure-

ments data not available to SAIC at the time that this characterization plan

was prepared.

Stages II and III: Proximity and Distal Surveys

The second and third stages provide the basis to verify and understand

the types of chemicals and radionuclides resulting from the waste
disposal at the sites impacting the uppermost aquifer. The second stage directs
its efforts toward identifying contaminants residing in the immediate
proximity of the source. The third stage addresses the lateral and

horizontal extent of contamination and determines which contaminants have
migrated. Stages II and III tasks are designed to investigate the

geological and hydrogeological (including soil and vadose zone) conditions.

Geologic Investigations

The main purpose of the geologic investigation is to describe the
geologic conditions that govern the movement of contaminants from the

disposal sites. These goals will be met by reviewing and reevaluating

available geologic data previously developed for the Hanford site
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complimented by detailed geological and geophysical logging of monitoring
wells boreholes. A surface geophysical assessment around the sile will also

be made. This assessment will aid in the locating of new monitoring wells

and in the definition of the contaminant plumes.

The review and reevaluation of previously developed geologic data will

be included. These data, along with site construction records, will be used

to confirm the accuracy of existing site geologic maps, construct

appropriate cross-sections and fence diagrams, and to correlate data between
separate site investigations. These efforts are expected to reveal the
geologic conditions or other factors most likely to be responsible for
current or future contaminant releases.

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

pathways.

Hydrogeologic and Chemical Investigations

In conjunction with the geologic investigations, hydrogeologic and
hydrochemical investigations will be conducted. These investigations focus
on groundwater movement and contaminant migration within the unconfined and

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

Stage IV's objective is to assess the viability of vertical migration

of contaminants into the confined aquifer and the interbeds. Although

extensive examination of the Saddle Mountain basalts has been conducted by
the Department of Energy and Rockwell, no information exists on
contamination migration directly under the areas on which the sites source

units exist. The tasks under this stage are similar to the media

investigations discussed in Stages II and III.

Stage V: Surface Water and Sediment Sampling

Stage V evaluates the surface water, sediments, and animal
contamination pathways. These are accomplished by collecting water and

sediment samples from the Columbia River and conducting bioassays of
resident species from the 100 Area to three miles below the 300 Area
contaminant plume. A complete water quality sampling would follow the
completion of the entire area's monitoring well installations.

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

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

Proposed Sampling Program

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

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

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

Table 2-16 is a summary table which identifies the number of monitoring
wells samples, grab samples, lysimeter samples, soil boring samples, and
random sediment and river sediment samples for each of the three CERCLA
areas of the Hanford Reservation. This table is derived from Tables 2-12,
2-13, and 2-14.
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TABLE 2-12 Smnary of Sampling Needs for the 100 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

................................................................................ *

100 B/C Area
------................................................................................................ *Pathway

Source

116-3-1

cluster (3 depths)l
jmonitoring wells
II

StageV 
IWater Quality
123

jSamples

II
II

I ..................
IStage 11 1 111 |
linstalLation of 1

15 1
Ictuster (3 depths)j
monitoring wells I

I |

I Stage V
IWater QuaLity 1
123

ISamples I

I I
I I
I I
I I
I I

Vadose
Zone

I Stage I! & III

linstalLation
11
Icluster (3 depths) I

Ilysimeter

Soil Borings
110 borings

IsampLed every 5 feet
Ito water level.
1188 samples

ISoil Gas Survey for
IVolatile Organic
ICompounds
150 ft. grids

I Air ISedimentsi Surface I Plant I Animat

I I I Water I Uptake I Uptake
4 .......... +........ .. . . . .... 4

Stage 11 & III
linstallation of

I5

-. 4....I

I I
I I

I I
I I
I I

I I
I I

I I

I I
I I

. . .. +. ..... . ... ..... . ... .... . .... . . .. ..... 4.. . ... . . .... .... . .... .... .... .. ... .. -- -- --

I Stage 11 & III
lnstallation
11
Icluster (3 depths)

Itysimeter

ISoil Borings
IS borings

Isampled every 5 fe
Ito water level.
1150 samples

ISoil Gas Survey for
IVolatile Organic

ICompounds
150 ft. grids

IStage V I Stage V
IEphemeral Seepage
IoverflowsI4 random

14 random IsampLes
Isamples I

I I

I ........... I.............................. + .................. +...4.... 4- - - - - --.......

jStage 11 & III
linstailation of

I5
Icluster (3
jmonitoring

Stage
Water Quali

23

ISamples

depths)

wells

V

ty

Stage II & III
Ilnstallation
11

Icluster (3 depths)

lysimeter

ISoil Borings
18 borings

Isampled every 5
Ito water level.
1150 samples

feet

forISoil Gas Survey
IVolatile Organic

Compouds
150 ft. grids

IStage V I Stage V
lEphemerallSeepage
joverflowsl4 random
14 random IsampLes

Isamples I
| |
I |
| I

I I

| |

I..........--I..............---- -4- - - - - - - - - - - - - - - - - - --... . .. .. .. . .. .. .. . .. .. .. . .. .. .I

2-38

Groundwater Surface
| Soils

-- 4 ..... ........ .. ... ...

IStage V I Stage V
jEphemeraljSeepage

Ioverflowsl4 random
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|
|
|

|
|
|

I
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|
|
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TABLE 2-12 Summary Of SaLnfng NeeCs for tnf iUU Area bourvws

..............................................................................

100 B/c Area

IPathw v .--.-. .---.-.---. 
.--

Groundwater j Surface I Vadose

Soils I Zone
............ 4. . .........

IStage 11 9 111 1 Stage II A III

lInstallation of i|nstailation

I5 I I'

I. **~

Source
.1 ..........

1 16-C-2

Ictuster (3 depths)
Ilysimeter

ISoil Borings

120 borings

Isanpled every 5 fee

Ito water level.
1376 sanptes

ISoiL Gas Survey fo

IVotatile Organic

ICompounds
150 ft. grids

Air ISedimentsI Surface I P

I I Water I up
.................. ....... + ............

| Stage V Stage V

EphemeratlSeepage
IoverfLowsl4 random
1 4 random jsampLes

I Isanples I

tj

r

I........... I.................. ............ .. .. .. .. .. .. .. .. .. .. .. .. .. .--

Lant

take
Animal

Uptake-. 4.

Icluster (3 depths)I

Imonitoring wells I
II
II

StageV 
IWater Quality
123
ISamles

II

II

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
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TABLE 2-12

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

....................................................................................................................

100 H Area
..t....... * ......................................................................................... *

Source

I 116- -1

Groundwater | Surf
I Soi

IStage II L III
InstaLlation of

15 I
Icluster (3 depths)I
lmonitoring wells

I I

StageV 
IWater Quality

123 |
jSampLes

II
II
II
II
II
I. . . . . . . .....

IStage I & II |
Installation of I
15
Icluster (3 depths)l

Imonitoring wells I

I I
I I

116-H-2 Stage V
IWater Quality I
123 1

ISampLes

I I
I I

... .. I ............... 4..

jStage II L III I
linstatlation of 1

I5 1
Icluster (3 depths)l
Imonitoring welts I

I I
1 1

116-M-3 Stage V
lWater Quality
123 I

ISamples I
I I

I I
I I
I I

ace I Vadose

I | Zone

Stage 11 & III

lInstatlation
I I

IcLuster (3 depths)

ILysimeter

ISoiL Borings

110

Isampled every 5 feel

Ito water level.

184 sarnpLes

ISoit Gas Survey for
IVoLatite Organic

ICompounds
150 ft. grids
4...................

Stage II L III
linstallation
i
IcLuster (3 depths)

Ilysimeter

ISoil Borings
110

Isampled every 5 fee
Ito water level.

184 samples

ISoiL Gas Survey for
IVolatile Organic

Compounds
150 ft. grids
4...........

Stage II & III

lnstalLation
11
Icluster (3 depths)

Liysimeter

ISoit Borings
18
Isampled every 5 fee

Ito water level.

167 samples

ISoil Gas Survey for
IVolatile Organic
Compounds

150 ft. grids

I......--- ..................... 4.+......

I Air ISedimentsl Surfac

4..

|

.4.

e

Water

I Stage V IStage V
jEphemeraL Seepage
|overfLows14 random

14 random Isamples

Isamples I

I Stage V IStage V

lEphemerallSeepage
Ioverftows14 random

14 random Isamples
Isamples I

...........

| Stage V jStage V
|EphemerallSeepage

|overflowsI4 random

ti

.j

14 random

IsampLes
Isamptes

I

II
.4.

t
Plant Ani

ptake Upta

.

.4 ............. .......4.. .. . .... I
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Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

....... ...................---------------------------------.----............................................. *

1 DIDR Area

S * ......................................................................................................

Groundwater
a Way

Source

116-DR-1

I 1 - -.. . . . .

I 1 -D -6

I Surface I

I.

IStage 11 & 1I I
linstalLation of

j5 I
jcLuster (3 depths)l

Iffonitoring wells I
I I

StageV 
jWater QuaLity

123
ISamples
I I
II
II
II
II

'.1...............4..
jStage 11 & III1

linstallation of

IS
jcluster (3 depths)l

Imonitoring wells

I I

Stage V I
IWater Quality

123 1

jSamples I

I I
I s d

I

Stage 11 & III

tinstaLation of1

Ictuster (3 depths)

Imonitoring wellsI

I I
I I

I Stage V I
lWater Quality 1

123
jSamptes

II

I ..... +....-- I.. +...........

Vadose

I1

I Air ISedimentsl Surface

SoiL I Zone
4....................

Stage 11 & 111
(InstaLLation
11
Icluster (3 depths)

ILysimeter

ISoiL Borings
110 borings

Isampled every 5 fee
Ito water Level.

1166 samples

1SoiL Gas Survey for

IVoLatiLe Organic

ICoounds
150 ft. grids

..........................

I Stage II & III
(Installation
I I
Icluster (3 depths)

Lysimeter

ISoil Borings
110 borings

Isapled every 5 fe
Ito water level.
1166 samples

(Soi( Gas Survey fo
IVolatiLe Organic

(Compounds
150 ft. grids

..........................

Stage 11 £ 11
lInstalLation

t

e

r

t

t

Icluster (3 depths)

Lysimeter

(Soil Borings

17 borings

Isampled every 5 fee

Ito water Level.
1116 samples

ISoil Gas Survey for

IVolatiLe Organic
Compounds
15D ft. grids

14 random
sampt es

IsampLes

I

I

I

I

I

I

I

I

I

I

I

I
..-- .-- +----------+---------+---------- -.4 .
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jStage V IStage V

IEphemeraLISeepage

IoverflowsI4 random
14 random Isamples

IsampLes

IStage V IStage V

lEphemerallSeepage

overf Lows|4 random
14 random Isamptes

IStage V IStage V

lEphemeral lSeepage

joverflowsJ4 randomn

- - -+ - - - - - - - - - - I

SPlant
Uptake

A
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100 0/DR Area

Ipathway *---------------- ...--- .-'-----------------.-----.-.-.----.----------.-..--.----..

I Groundwater
Source

I.........

1 6-DR-6

1 116-DR-7

I Surface I
I SoiL

I.................. ....

IStage 11 & III I
InstaLLation of
I5
Ictuster (3 depths)I
Imonitoring wells I

I I
I I

Stage V I
IWater Quality
123 I
ISampLes I

I I

I I
I I

- ----- ----- ----... .
IStage 11 & 111 I
instaLLation of I

Is I
IcLuster (3 depths)I

imonitoring wells I

Stage V I
IWater Quality

123

ISamples

II

-I........

Vadose

Zone
............

Stage 11 & III

lInstaltation
I I
Icluster (3 depths)

Itysimeter

ISoil Borings
18 borings

IsamnpLed every 5 fee
to water level.

1133 sanples

ISoil Gas Survey for
Ivotatite organic

Compounds

150 ft. grids

| Stage 11 & III
lInstalLation
|1

IcLuster (3 depths)

Ilysimeter

ISoil Borings

IS borings

sampLed every 5 fe
Ito water LeveL.
1133 samples

ISoiL Gas Survey fo
IVoLatile Organic

Compounds
150 ft. grids

.4

t

rt

. . . . . . .............. ............................... .......

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
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jStage V IStage V
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overflowsJ4 random
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overfLowsJ4 random

14 random Isamptes
IsampLes I

Plant

| Uptake
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Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

100 F Area

Pathway - - - - -- - - - ' - --v' ' '

(Stage II & III

lInstalLation of

15
(cluster (3 depths)

(monitoring wells

116-F-1

Stage V
(Water Quality

(23

(Samples

. (............ I--------

(Stage I & 111
linstallation of

(cluster (3 depth

(monitoring wells

Stage V

(Water Quality

123

(Sanples

.. (. ....- ----- -.--.

(Stage II & 111
(Instatlation o

15

(cluster (3 depths)(

(monitoring wells I

I
I I

Stage V I
(Water Quality I
123

(Sarples

II
.4

| Surface I Vadose
Soil I Zone
4................

Stage II & III
Iinstallation
(2
(cluster (3 depths)

Itysimeters

(Soil Borings

140 borings

Isampled every 5 feet

Ito water level.

1400 samples

(Soil Gas Survey for

(Volatile Organic

jConpounds
150 ft. grids
4.........................

I Stage 11 & III
lInstallation
1

|cluster (3 depths

Ilysimeter

--
(Soil Borings
(13 borings

|sanpled every 5 fee

Ito water level.
1130 samples

(Soil Gas Survey for

(Volatile Organic

(Compounds
150 ft. grids
............

Stage II & III
(Installation

|11
(cluster (3 depths)
|Lysimeter

(Soil Borings

(10 borings
|sampled every 5 fe
(to water level.

(100 sanples

(Soil Gas Survey fo

(volatile Organic

(Compounds

(50 ft. grids

Groundwater

14 random

Isamples

I
I
I
I
I
I
I
I
I
I
I

(Sources

I .......

Isamples

I

I

I

I

I

I

e

r
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116-F-3

Air (Sedimentsl Surface

I I Water
............................4.........................

I I Stage V IStage V

I (Ephemeral|Seepage

I IoverfLowsl4 random
|4 random Isamples

Isanples I

Stage V IStage V

EphemerallSeepage

overflows|4 random
14 random Isampes
sapLes I

tj

II
III
I I
I
I I

.............................

I Stage V (Stage V

IEphemeraISeepage
joverflows14 random

Plant
Uptake

(A

(U
nimaL
ptake

t

)

I ------------ I ---------- *1 ........



100 F Are*
IPathway *-------------------------------.------.--------------------------------------------------------------

Groundwater Surfac

SoilSources

I
1(2 sources)

116-F-6

116-F-10

I.......

I116-F-9

e Vadose
Zone

. .........

Stage 1I & 11
lnstallation

12

IStage I L III |

lInstaliation of 1

15 1
IcLuster (3 depths)I
imonitoring wells |

I I
I I

Stage V I
IWater QuaLity
123

Samples

I I

II
II

IStage I & III |
IInstalLation of I

is I
Icluster (3 depths)I
fmonitoring wells I

I I

Stage V
lWater Quality
123 1

ISamples

I I

I I

1

Icluster (3 depths)
ILysimeter

SoiL Borings
118 borings

jsarpled every 5 feet
Ito water level.
1180 samples

ISoil Gas Survey for
IVoLatile Organic
ICompounds
150 ft. grids

Ictuster (3 depths)

Ilysimeter

ISoil Borings

113 borings
Isampled every 5 fe
Ito water level.
1130 sanples

ISoil Gas Survey fo
IVolatiLe Organic

Compounds
150 ft. grids
4..........

| Stage II & III

linstaltLation

I.......-- I..............................................................

et

ri

-. 4

Air ISedimentsl Surface

I |Water

I Stage V IStage V
IEphemerallSeepage
joverfLowsl4 random

14 random Isamples
Isamples I

I Stage V IStage V

|EphemerallSeepage

joverflowsJ4 random

|4 random Isamples

IsampLes I

Plant

I Uptake

--. 4........4 ....

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
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100 KE/KW Area
... "... -... "...... ". " "-........ -.I yIpathway

I Groundwater Surface Vadose

ISource I Soil I Zone

I........... I................ 4...............

jStage 11 & III I | Stage II
linstallation of | lInstalLation

15 1 |1
Icluster (3 depths)l Icluster (3 d

Imonitoring wells I ILysimeter

I II I
I ISolt Borings

I(2 sources) I Stage V 1 110
100-KW*1 lWater Quality I Isampled ever
I100-K6*2 123 1 Ito water lev

I ISampLes 1 1144 sanples
I I I I
I I I ISoil Gas Sur

I I I IVolatile Org

I I I ICompounds

I 1 1 150 ft. grids

I......-- I..........................4.....

I Stage II & III I I Stage II

I linstallation of I linstallation

1 5 1 |1

Icluster (3 depths)! Icluster (3 d

1 Imonitoring wells Ilysimeter

ISoil Borings

I I I Stage V I I8
1(2 sources) IWater Quality I Isampled ever
I 100-KE-1 123 1 Ito water lev

100-KE*2 ISamples 1115 samples

I I I I
I I ISoil Gas Sur

I I I IVolatile Org
I I I ICompounds
I 1 1 150 ft. grids

I......... I ................................
IStage II & III I | Stage I1

I linstallation of I linstallation

15 1 11
I Icluster (3 depths)! Icluster (3 d

1 Imonitoring wells Ilysimeter

I I I I
I I I ISoil Borings
I 116-K-1 Stage V 1 18
I IWater Ouality Isampled ever

123 Ito water ley
ISamples 1115 samples

I I I
I I ISoil Gas Sur

I lVolatile Org

I I IConpounds

1 1 150 ft. grids

--------. I..........................4.....

L II

epth

y 5

el.

vey
ani

.4..

s)

feet

for
c

............4..................... ... .... I

L 11

epth

y 5

et.

vey

anic

s) I

feet|

for

.. . . . . . . . . . .... 4...

&111

lepth

ry 5

vel.

rvey

ganic

s)

feet

for

I Stage V IStage V I
IEphemerallSeepage i

IoverfLowsl4 random 1
14 random Isamples I
Isamples I I

I SaeVI~tg

I~hmrllepg I

14rno Isape I
Isape I I

I I
I I
|.......4...... |..

I Stg V Sag

I| | srlIeeag
Io| rlosl radr
|I rado jsnLe
IsaIe j
I I I
I I I

|I I

I Itg VISag
IEheeal I pg I
I r los| rIdo
I4 r Ido Isn le

Isnpe I
I I |
I I
| I |

.......+..................................... .......

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
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I Air ISedimentsI Surface I Plant I Animal

I I Water I Uptake | Uptake
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lEphemeral|Seepage I
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14 random IsampLes I
jsanpLes I

I |
|
|
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Samary of Sampting Needs for the 100 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
e..............................................-....---..-...-.................................------------.....

100 KE/KW Area
lPathway ..-------------------------- .--- .-- ..-------------- ---------------------------.----------..-----------

I
ISource

I ...........

I
I
I
I
I
I
I
I 116-K-2

I -----------

I

I

I

116-KE-2

I.......---I --

Groundwater

IStage 11 5 III

instaLLation of

15

IcLuster (3 depths)
monitoring welLs

Surfa
Soid

Stage V
IWater Quality

123

ISaLes

IStage 11 & III

linstallation of

is

|4..

Icluster (3 depths)l

Imonitoring wells I

I Stage V I
IWater Quality 1
123 1

ISampLes I

ce Vadose
SZone

..........

Stage 1I & 11
lInstalLation
I i
Icluster (3 depth

ILysimeter

ISoiL Borings
I8
Isampled every 5
Ito water Level.

1115 sanples

ISoil Gas Survey
IVolatile Organic

Compounds
150 ft. grids
4........

Stage II & I
lnstallation

s) I

feet

for

*l . .4

I I
Icluster (3 depths)

Itysimeter

ISoiL Borings
110

IsampLed every 5 feet

Ito water level.

1144 samples

ISoit Gas Survey for
jVoLatile Organic

ICompounds
150 ft. grids

Air ISedimentsI Surface

I I Water

| Stage V IStage V
lEphemeral Seepage
Ioverflowsl4 random
14 random Isamp Les

IsanpLes I

I Stage V IStage V

lEphemerallSeepage

IoverfLowsI4 randomr

14 random Isamples
IsampLes I

I|

Plant

I Uptake
IA
|U

n

p

.............. ............4................... ........ ..... ..... .... ... 4. . .. .. ..4 4 . . . . 4 . .. . .. . .... I
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Suwiary of Saapling Weeds for the 200 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

200 E Area

IPathway .- .------------- ..----------------------------- .---------------------- ..----- ....- .-- .- .- .----------- .

Groundwater Surface
ISource I Soils
I........... I.............. .........

Stage II I III I I
linstallation of hr
113 |

I Imonitoring welLs Ic

I I I it~
I I I I
I I I I Isc
1(7 sources) | Stage V 111

216-8-43 IWater Quality I Is
1 216-6-44 120 1 It

216-8-45 ISampLes 1 16

216-B-46 1 1
1 216-8-48 1 1 S
216-8-49 I IV

1 216-1-50 1 1 IC
I 1115

1-----------I .....................
Stage I & III I I
linstaltation of 1 |I

5 1 |11
Imonitoring welts I Ic
I I It'
I I I
I I is

1 11 1 Stage V 1 I8
1 (1 source) |Water Quality I is
216-B-7A&B 8 t

ISamples 5

I IV

I IsC
I 15

1-------.I.......................
IStage 11 & III I

linstallation of 1II1

1 5 1 1

I Imonitoring welts Ic

II I It'
I I I I

III IS
I III I Stage V IS
I (1 source) Iwater Quality Is
1 216-B-2-2 I8 I It

ISamples I 15

I I|I

I I IV

I I IC
1. I . . .5

Vadose

Zone

Stage 11 L III
nstaLlation

uster (3 depths)

ysimeter

oil Borings

0 borings
ampLed every 5 fee
o water level.
76 samples

oil Gas Survey for
olatiLe Organic
ompounds

0 ft. grids

Stage 11 & III

nstallation

luster (3 depths)

ysimeter

oil Borings
borings

ampled every 5 feet

o water level.
41 samples

oil Gas Survey for

olatiLe Organic

onpounds
0 ft. grids

Stage I & III
nstatlation

luster (3 depths)

ysimeter

oil Borings

borings

ampled every 5 feet
o water level.

41 samples

oil Gas Survey for

olatile Organic

ompounds

0 ft. grids

t

4--

-4..
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Air

. .

4 .

ISedimentsl Surface I
I | Water I

IStage V Stage V

lEphemeraltSeepage I

IoverfLowsl6 I
16 random Irandom I

Isampes IsampLes I

| I

|Stage V Stage V
EphemerallSeepage I

IoverflowsJ61
6 random I rando I

Isaples IsampLes I
.. ...........

IStage V Stage V

lEphemerallSeepage I
Ioverflows|6 1
16 random Irandom I
Isamples Isamples I

-... ..- ..- -.. ....... .- -.- -...- ...-

TABLE 2-13

Plant j Animal

Uptake I Uptake I
+---

I I
I I
I I

I I

I I

I I

I I
I I
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I I
I I
I I

I I
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*..............I

I I
I I

I I
I I
I I
I I

I I

I I



TABLE 2-13 Summary of Sampling Weeds for the 200 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

............-.......--------.-.----------------------.-..-...-----.............................................----

200 E Area
S-.......................................................................................

I I G
ISource

I.....--- I...

roundwater Surface I Vadose
soils I Zone

.. . . . . . . . . . .. .... . .......

IStage I1 & III
Instaltation of

16
Imonitoring wells

IV
(1 source)
216-6-5

I V
1(2 sources

1 216-6-10-

216-6-6

VI

1(2 sources
216-C-1

216-C-10

Stage V
IWater Quality
19

ISamples

II

II

IStage 11 L III

linstallation of

17

Imonitoring wells

Stage V
IWater Quality
Ill

ISamptes

IStage II & III
linstallation of

5

Imonitoring wells

Stage V
IWater Quality

18

SampLes

Stage 11 & 11
linstaLLation

I I

.4..

I........---I...........----4.---

Pathway

1
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Ictuster (3 depths)

tysimeter

ISoil Borings

16 borings

|sampled every 5 fe

Ito water level.

1406 samptes

ISoil Gas Survey fo

IVotatile Organic

ICopounds
150 ft. grids
4.............

I Stage II & III

linstaLtation

--------- ..

et

r

tI

Air lSedimentsl Surface

I I Water
+.........

IStage V Stage V
IEphemeral Seepage
Ioverflowsl6

16 random Irandom

Isamples Isamples

I I

I |
I |
I I
| |

| I
| |
I I

-----..----.....

IStage V Stage V
IEphemerallSeepage

|overflowsJ6

16 random Irandom

|samples IsampLes

|Stage V Stage V

lEphemeralSeepage

joverflowsJ6
|6 random Irandom
IsampLes IsampLes

11

Plant Animal

Uptake j Uptake
.....

.... 4..... .

Icluster (3 depths)

Lysimeter

ISoil Borings

110 borings

Isampled every 5 fee

Ito water level.

1676 samples

ISoil Gas Survey for

IVoLatile Organic

ICompounds

150 ft. grids

Stage 11 & Ill
linstalLation

11

Icluster (3 depths)

lysimeter

ISoil Borings

112 borings

Isampled every 5 fee
Ito water level.

1811 samples

ISoil Gas Survey for

IVolatile Organic

ICompounds
150 ft. grids

A

)

I



200 E Area

Pathway *--. -.-.--.. "..."..--.-------"'.. ---.. ---.---- ..------.---.-.

undwater Surface Vadose

Soils Zone
................ 4 .......

jStage 11 & III
linstaLLation of
15

IsIuonitoring wetts

Stage V
IWater Quality
18
ISapLes

... . . . . . ..--- - -- -- -

IStage 11 9 111
[Installation o

15
Imonitoring well

Stage V

IWater Quality
18

ISamples

.... .. ....--- -- -.- -.
IStage 11 & III

linstaltation o

I5

Imonitoring welL

Stage V
Iwater Quality

i8
ISampLes

I Stage I & 1I
lInstallation
|1

VI1
(1 source)
216-B-16

Gro

f

5

si

f |
|

IcLuster (3 depths)

tysimeter

ISoil Borings

18 borings

Isampled every 5 feet
Ito water level.

541 samples

ISoil Gas Survey for

IVoLatile Organic

CoPounds
150 ft. grids
............

Stage 11 & In

lInstallation

12

Icluster (3 depths)

Lysimeters

ISoil Borings

112 borings

Isampted every 5 feet
Ito water level.
1811 samples

ISoiL Gas Survey for

Ivotatite Organic

Compounds
150 ft. grids

Source

1

IcLuster (3 depths)

ILysimeter

ISoiL borings
18 borings

Isanpled every 5 fei
Ito water level.
1541 samples

ISoiL Gas Survey fo

IVoLatile Organic

Compounds
150 ft. grids

I Stage II & III
lnstalLation

.- . .. . .... .. --.----------- .--------- +--- ------ +---. . .---- +---- +--.... - -....---------- I

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
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r

I I

Vill

(1 source)
216-A-40

Ix
(1 source)

216-A-24

Air ISedimentsI Surface

| |Water

IStage V Stage V

|Ephemeral Seepage

joverftows16

16 random jrandom

IsamipLes Isamiples

IStage V Stage V

|EphemeratISeepage

|overfLows|6

16 random Irandom

Isamples Isamptes

Istage V Stage V
|EphemerallSeepage

joverfLowsJ6
|6 random Irandom

Isamples Isamples

I|

Plant

Uptake

.-

Animal

Uptake
.4....I

I I

I I
I I
I I

I I

I I
I I
I I
I I

I I

I I
I I
I I

I I

I I

I I
I I

I I
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I I

I I

I I

I I
I I
I I
I I
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Sumnary of Saimpt ing Needs for the 200 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

. . . . --.- - - - - - - - ----..............................................................................................*

200 E Area

Pathway

IG
ISource

I ......... I

x
(1 source)
216-A-9

XI

(I source
216-A-7

X11
(1 source

216-A-28

* ---............................... *

roundwater Surface

Soils
... .4.. ...--

IStage I & III

linstallation of

15

Imonitoring wells

Stage V

IWater Quality

18

ISaples

IStage II & III
linstaLLation of

I5

Imonitoring wells

Stage V

IWater Quality

18

ISamples

...........---

IStage 11 & III
linstaLlation o

Imonitoring well

Stage V
IWater Quality

18
Samp tes

Vadose
Zone

...........

I Stage I & III
lInstaLLation

12

f

s
11 1
Icluster (3 depths) I

Ilysimeter |

I I
ISoil Borings
|4 borings

Isampled every 5 feetj

Ito water level.
1270 samples

ISoit Gas Survey for

IvoLatite Organic

Cogpounds
150 ft. grids

J6 random

IsampLes

I

I

I

I

I

I

I

I

I

I

I

Irandom

I samp I es

I

I

I

I

I

I

I

I

I

I

I
.................

I......-- I...I ........................
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TABLE 2-13

Icluster (3 depths)

lysimeters

ISoil Borings
112 borings

IsampLed every 5 feet

Ito water level.

1811 samples

ISoit Gas Survey for

IVoLatite Organic

lCompounds

150 ft. grids
4................

Stage I & III
InstalLation

11

Icluster (3 depths)
Ilysimeter

ISoil Borings
14 borings

Isatpled every 5 feet

Ito water Level.

1270 samples

ISoil Gas Survey for

IVotatite Organic

IcoIpourds
150 ft. grids
4...............

Stage II L III

linstalLation

4..

|4.

Air ISedimentsl Surface

I | Water
..........4 .... ...

IStage V Stage V

|EphemeralSeepage

joverflows16
16 random Irandom

IsampLes lsampLes

Stage V Stage V
EphemerallSeepage

IoverfLows6
6 random Irandom

IsapLes IsampLes

......... ........

IStage V Stage V

|Ephemeral|Seepage

IoverfLows16

PLant Animal

Uptake j Uptake
.4...4....I

I I
I I I

I I
I I I
I I
I I

I I
I I I
I I

I I
I I I
I I I
I I
I I I
I I
I I I

.4...4....I

I I I
I I I

I I I
I I I
I I I
I I
I I I
I I
I I I

I I
I I

I I

I I
I I I .4...

I I
I I
I I I
I I I

I I
I I I

I I
I I I

I I I
I I
I I

I I
I I
I I I S4....I

)
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200 E Area

Pathway *.....................................................................................................

I I Groundwater I Surface j Vedose j Air ISedimentsl Surface I Plant I Animal

ISource I S

IStage I L III
Installation of

110
imonitoring wellsi

III
1(5 sources)

216-A-4

216 -A -27

X1v

01 source)

216-A-6

I ....

1 source
216-A-28

- ----- -- ---- --
IStage 1I & III

linstallation of

15

Imonitoring wells

Stage V
IWater Quality
115
ISamptes

Istage II & III
llnstallation of

l
~monitoring welts

Stage V
Wuater Quality

18
ISamples

I.........---I..........--

I ......

I Water I Uptake I
4....... .... ...

IStage V Stage V
IEphemeral Seepage
joverf lows J6

|4.

oils Zone
............

Stage I & III
Installation
I2
Icluster (3 depths)

Ilysimeters

ISoil Borings
132 borings

Isampled every 5 feet
Ito water level.

12163 samples

ISoil Gas Survey for

IVoLatile Organic

ICompounds
150 ft. grids
4...............

| Stage II & 111
linstallation
11

Icluster (3 depths)

Itysimeter

ISoil Borings
18 borings

Isampled every 5 fee

Ito water level.

1541 samples

ISoil Gas Survey for
IVolatile Organic
Compounds
150 ft. grids

. 4..............

| Stage II & III

lnstallation

t

I...

4..

t1

I ranc~l
I safpLes

I4 .

........ ......+............................ ....... . . .-----

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
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|1

V

ity

Stage
IWater Qual
I8

SampLes

I

)

16 random
jsamples

4........

.4

I -

.4

Icluster (3 depths)

lysimeter

ISoiL Borings

13 borings

Isanpled every 5 feel

Ito water level.

|541 samples

ISoit Gas Survey for
IVolatile Organic

Compounds

150 ft. grids

Uptake
.....................................................................................................................I

..............................................................................I

...............................................................................I

I I

I I
I I
I I
I I

I I
I I
I I
I I
I I
I I

IStage V Stage V
lEphemeral Seepage
Ioverflows 6
16 random |random

samples Isamples

|Stage V Stage V
|EphemerallSeepage

joverflows|6
16 random Irandom
[samples IsampLes



Suunmary of Sanpting Needs for the 200 Area Sources

Notes A and 8 to this table define chronological stage implementation and source characterization activity rationale.

....................................................................................................... *

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

Source

I

j(5 sources)
I216-S-S
216-S-6

216-S-17

216-S-16P

I216-S-16D

I....

. . . .... .... .. . . . . 4..+..

IS
Ilnst

12

IStage I & III
lInstallation of

16
IcLuster (3 depths

Imonitoring wells

I Stage V
IWater Quality
127

|SanpLes

IcLuster (3 depths)I

Imonitoring welts

I I
I II

4 sources) I Stage V

216-S-1&2 IWater Quality
216-S-7 j36
216-S-3 ISarpIes
216-S-9 I

II

II
I

. I............ I---------

IStage 11 & III |

linstaLtation of

18 I
Icluster (3 depths)j
Imonitoring welLs

II
II

tII I Stage V
(1 source) jwater Quality
216-S-20 136

ISamples

II
II
II

II

Vadose
Zone

tage II & III
altation

* 4.

iPathway
Groundwater Surface |

j Soils |

I..........--I.............4...--------
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jcluster (3 depths)
Ltysimeters

ISoil Borings
140 borings

Isampled every 5 feet
Ito water level.

12064 samples

Soit Gas Survey for
IVolatile Organic
Cornpounds

I50 ft. grids
4...............

Stage II & III
linstalLation

12

jcluster (3 depths)

lysimeters

ISoil Borings

132 borings

Isamped every 5 fee

Ito water level.

11651 samples

ISoil Gas Survey for

Ivolatile Organic

Conpounds

150 ft. grids
............

Stage II & IlIl
linstatlation

|11
Icluster (3 depths)

Itysimeter

ISoil Borings

|8 borings

Isampled every 5 fee

Ito water level.

1413 saiples

ISoil Gas Survey for

IVolatiLe Organic

compounds
150 ft. grids

.4 -

ti

|

Air jSedimentsj Surface I Plant I Animal

I | Water I Uptake I Uptake
........ 4....... ..........

IStage V jStage V I
iEphemerallSeepage I I
Ioverflows16 random I I
16 random Isamples I

Isanples I I I

IStage V Stage VI
Ephemeral ISeepage I I
overflows6 random I I

6 random Isamples I
Isamples I I I

IStage V Stage VI
I Epheme ra LSeepage I I
|overfLows6 randomI

sapLesI I I

IStage II & III
linstallation of

I ('

I:

I.

TABLE 2-13



200 W Area

IPathway . .---.------. "."--------.----.---"--------

Source

I Air ISed

I |

Groundwater I Surface j Vadose

SSoils Zone

---------------.4...4 .........

IStage 11 & III | Stage 31 & 11
linstallation of linstallation

1(2

i

1

I.

IV

sources)

216-S-4
216-S-21

Icluster (3 depths)I
jmonitoring wells I

I I
V I I

(1 source) I Stage V I

216-U-11 |Water Quality

123

lSamples
II
II
II
I
I

........ I . ..............4.

IStage 11 & 111 |

lInstallation of 1

15 1
Icluster (3 depths)l

Imonitoring wells |

I I
VI I I

(1 source) Stage V
216-U-3 lWater Quality

123
ISaples

II
II

I5 1
IcLuster (3 depths)I

lmonitoring wells |

I I

Stage V
lWater Quality

123

ISamples

...............

Stage II 111 I
Installation of 1

I5 |

...... . . . . . .....................4...... .......

------------ I.............4.........

|2
Icluster (3 depth
|tysimeters

ISoil Borings
116 borings

Isanpled every 5
Ito water Level.

1826 sanples

ISoiL Gas Survey
IVolatile Organic

Compounds

150 ft. grids

Stage 11 & 11
lInstalLation

11
Icluster (3 depths)

|Lysimeter

ISoil Borings

I8 borings

IsaptLed every 5 fee

to water level.

1413 samples

ISoiL Gas Survey fo

IVolatile Organic

Conpounds
150 ft. grids
4..............

I Stage I & III
linstallation

|11
Icluster (3 depths)
Ilysimeter

ISoil Borings
|8 borings

Isampled every 5 fe
Ito water level.
|413 samples

ISoil Gas Survey fo

jVolatiLe Organic

I Compounds
150 ft. grids

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.
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Sunary of Samling Weeds for the 200 Area Sources
TABLE 2-13

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

IPathway

Isource

I I

(1Source )

I V I
II
II
II

I I

(1 source)
216-Z-1&2

I(1 source)

216-U-1&2

IX

1(3 sources)
216-U-4
216-U-4A
216-U-46

200 W Area
----- --- ---.-..---.-..................................................................... *

Groundwater Surface Vadose
Soils Zone

.......... ......... ........ .

Stage II & III
Installation of
5
cluster (3 depths)I

monitoring wells |

Stage V
Water Quality |

23

Samples

... .. . .. . ..

Stage II & III
Installation of

cLuster (3 depths)I

Imonitoring wells I

II
I

StageV 
IWater Quality

123

ISamles
II
II
II
II
II
I.................
IStage 11 & III I
Ilnstallation of 1

I5 I
Icluster (3 depths)l
Imonitoring wells I

I I

I Stage V
IWater Quality
123

ISamples

|
|
j

Air ISedimentsi Surface I Plant I Animal

I I Water I Uptake I Uptake
. 4......+....4... . +.. . .... . .. .... I

I Stage II & III
linstalLation

Icluster (3 depths)
ILysimeter

I -
ISoiL Borings
18 borings
Isampled every 5 feet

Ito water level.
1413 samples
I
1Soi Gas Survey for

Volatile Organic
lComounds
150 ft. grids

.....................

I Stage 11 & III I
lInstallation

I1 I
Icluster (3 depths)

ILysimeter

II
ISoiL Borings

18 borings
Isampled every 5 feet

Ito water Level.

1413 sanpLes

II
Isoil Gas Survey for
IVolatile Organic

ICompounds
150 ft. grids

..............

Stage II & III

linstalLation

I1 I
Icluster (3 depths)
Itysimeter

II
ISoil Borings
112 borings
Isanpled every 5 feetl
Ito water Level.

1619 sanples

ISoil Gas Survey for
Ivolatile Organic

IConpounds
150 ft. grids

IStage V IStage V

jEphemeral|Seepage I

IoverflowsI6 random

16 random fsamples I
Isamples I I

IStage V IStage VI

EphemeralSeepage I
joverfLowsJ6 random1
6 random IsampLes I

Isamples I I

IStage V |Stage VI

IEphemeralSeepage
IoverfLowsI6 random1

|6 random Isampes
Isaeples

.4..

.4.
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TABL 2 1f

........................ ..- .
200 U Area~*............................................*-....** * ... .................... ...................... ...........

Groundwater I Sur
ISource I I S

I ..........................-...

Istage 11 9 111

IinstalLation of

I Is I
Icluster (3 depths)l

Imonitoring wells

II
I II

1(2 sources) I Stage V

216-Z-7 Water Quality
216-2-10 123

1 ISamples

I -- -- ---I -- --*- - -----

Istage 11 & I

I linstaLLation of I

5

1cluster (3 depths)l

Imonitoring wells I

I I I
I X1 I I
(1 source) I Stage V I
216-T-19 jWater Quality

123 1

ISampLes I
II I
II I

I I
I I

II I

IStage 11 & III

linstallation of

I Is

X11

(1 source)
216-T-7

jcluster (3 depths)I

jmonitoring wells I
I I
I I

Stage V

jWater Quality
123

ISanpLes
II
II

II

I........---I.....--

face Vedose

)its Zone
... +4...........4...

Stage 11 L III
linstallation

I I
Icluster (3 depths)

lysimeter

ISoil sorings
18 borings
jsaipled every 5 fe
Ito water level.
413 samples

........................................................................................4...........

Isoil Gas Survey for

IVolatile Organic

Compounds
150 ft. grids
.....................

Stage 11 & III
Installation

I I

A..i

Water Upt
'.............

Sedments Surface IPlan I An ma

t

Pathway

Icluster (3 depths) I
Ilysimeter I

I I
ISoil Borings I
18 borings I
Isampled every 5 feet

Ito water level.
1413 samples

II
ISoiL Gas Survey for

IVolatile Organic

Iompounds
150 ft. grids+........... .................

I Stage II & 11I
Installation

Icluster (3 depths)

lysimeter

jSoiL Borings

IS borings
Isapled every S
Ito water level.
1413 samples

.. 4.......+..-- ..-..- 4.---

f

jSoil Gas Survey f

IVolatile Organic

Compounds
150 ft. grids

eet

or

jStage V jStage V

lEphemerallSeepage
IoverflowsI6 random
16 random jsanpLes
Isamples I

.... ... .. ....

Stage V IStage V I

Ephemeralseepage
overfiowsl6 random1
6 random Isampes

Isamples

.. .. .... ----.-. - ---- ---.

Notes A and B to this table define chronological stage implementation and source characterization activity rationaie.
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TABLE 2-13 Sumnary of Sampling Needs for the 200 Area Sources

Notes A and B to this table define chronological stage implementation and source characterization activity rationale.

Q......................e.........................................-...-.-....-..--.-.---.e~ee----.--.---..---......
200 W Area

IPathway .------------------------- .- ..- ...-..-.-------------..-.-----------------..--.---...-----------------

Source

IXIII
(1 source)
216-T-28

I XIV

S(1 source)
216-T-3

I XV
I(2 sources)
I 216-T- 2

216-T-8

Groundwater Sur

I Sc
............. +....

IStage 11 & III
linstaLLation of

I5

jcLuster (3
Imonitoring

I Stage
IWater QuaLi
123

Samptes

Istage II £
InstaL Latio

16
IcLuster (3
moning

|Stage
|Water Quali
127
I Samp----es

IStage II &
lInstaLLatio

depths)l

weLLs

V
ty

III |

n of I

depths)l

welLs I

V
ty

III I
in of |

16

Icluster (3 depths)
Imonitoring welts

I Stage V
IWater Quality
127
ISamples

.4.. .. . .

face Vadose
)iLs Zone

...........

Stage 11 & III

lInstaLiation
I1
Ictuster (3 depths)
Itysimeter

lSoit Borings
18 borings
IsampLed every 5 fe
Ito water Level.
413 samples

ISoit Gas Survey fo
IVoLatile Organic

Compounds
150 ft. grids
...........

Stage II & III
linstalLation

I1

|
|
|

Icluster (3 depths)
Itysimeter
I - -
ISoiL Borings
18 borings
IsampLed every 5 fee

Ito water level.

1413 sanpLes

ISoil Gas Survey for
IVolatiLe Organic

ICompounds
150 ft. grids
............

I Stage 11 & III

lInstalLation

e

r

I1
IcLuster (3 depths)
Ilysimeter

I--
ISoil Borings
112 borings
Isampled every 5 fee
Ito water level.

1619 samples

Isoi Gas Survey for
IvoLatile Organic

ICopounds
150 ft. grids

................. 4.

ir ISedimentsl Surface I Plant I

I I Water I Uptake I
......4 .. ..... %... .....

jStage V IStage V

IEphemeraLlSeepage

IoverfLowsl6 random

IA

4.

ti

t

Isamples

I
I
I
I
I
I
I
I
I
I
I
I

IStage V IStage V
jEphemeral Seepage
joverflows16 random
16 random Isamples

Isamples
I |

IStage V IStage V

lEphemerallSeepage
joverfLows|6 random

16 ranclom
Isanptes

I
I
I
I
I
I
I
I

Isamples

I

I

I

I

I

I

I

I

I

Animal
Uptake

16 random
Isamples

.4............. ... 4 .......... . ... .... I
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- -TABLE 2-14 mmary o sapipno wte4s tor he .JWJ Area bource.

Rotes A and B to this table define chronological stage implementation and source characterization activity rationale.

.............................-......-.-.........-...-...-.---- ...............................................

athway .------------------ ....-. " ---.

I Groundwater ( Surface
ISource Soils
U.-......................5Stage II & 111 1

IInstallation of IIn
is 11

(cluster (2 depths)( (ct

monitoring wells Iy

I I I
II ISo

316-1 Stage V 12

Water Quality sa

124 1 Ito

ISamples 10

I I Ic
II I Icc

I C

1 150

......... ....ge..... 1 ............. .....

Stage 11 & III I I
(Installation of I |li

(8 1 |1acluster (2 depths)) (cI

Imonitoring welts I (L

I II
316-2 1 1 ISO

Stage V 1
(Water Quality I Is
124 t

(Samples 1

I I Is
(S

aV
I I IC

(Stage 11 & III
linstallation of 1 1I

16 11

Icluster (2 depths)l Ic

I monitoring welts I It
II I

316-3 1 s
I Stage V 1 11

(Water Quality I Is

(18 ( t
ISamples I

i
I..I.. C

I I Is

300 Area
--- -- ' --- --- -- --- --- --- --- -- - - --- --- --- ---- --- -- '-.................. *

Vadose

Zone

Stage 11 & 111
stallation

uster (3 depths)

simeter

it Borings

borings

mpled every 5 fe

water level.

3 samples

it Gas Survey fo

latile Organic

ompounds

ft. grids

Stage I & 111
nstaLtation

e

r

uster (3 depths)

ysimeter

oil Borings
* borings

mpled every 5 fe

water level.

20 samples

oil Gas Survey fo
olatile Organic
ompounds
0 ft. grids

Stage II & III
nstaltation

luster (3 depths)

ysimeter

oil Borings
2 borings
ampled every 5 fe

o water leveL.
03 samples

oil Gas Survey fo
olatile Organic

ompounds

0 ft. grids

I Air ISedimentsl Surface

I Water
........... 4*.........4+..........

(Stage V (Stage V

(Ephemeral Seepage

Ioverflows14 random
14 random Isamples
(samples

tj

II
III
I

I
I

I
I

.4 .......... 4..................

I (Stage V (Stage V

I (Ephemeral Seepage

Ioverftowsl4 random

(4 random (samples
(samples

et I I
I II
II
III

r I I

II
II

................ .

(Stage V IStage V

IEphemeratlSeepage
IoverfLowsI4 random

r

Plant
Uptake

(1. random (saIT~les

Isac~les I
I I
I I

I I
I I
I I
I I
I I
I I
I I
I I

.....4 .-- . . 4.-- . .--- --- -... . . ..

Animal
Uptake

.. .

... .. .
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TABLE 2-15 Stage IV Confined Aquifer Drilling

..........................................
Pathway

AREA Groundwater

.. /..n...n.p...........................................................

100 B/C | Installation of one monitoring well to interbedded zone depth

.. /..n...n.p...........................................................

100 KE/W I Installation of one monitoring well to interbedded zone depth

s........in ........................................................

100 E/DR I Installation of one monitoring well to interbedded zone depth

2...s...s...i..............................d...........................

100 H Installation of one monitoring well to interbedded zone depth

.............8...........................
100 F I InstaLLation of one monitoring well to interbedded zone depth

.................................................................

I 200 East I InstaLLation of one monitoring well to interbedded zone depth

................................................................

200 West Iinstallation of one monitoring welt to interbedded zone depth

................................................................

I 300 1 installation of one monitoring well to interbedded zone depth
...............................................................
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Summary of the Complete Sampling Needs of the 100, 200 & 300 Areas

..............................................................................................

STAGE | 100 I 200 I 300
Area Area Area

-------......... ................................................. .......

INo Sampling INo Sampling INo Sampling
Stage I I Irequired at Irequired at jrequired at

I I Ithis stage Ithis stage Ithis stage

I I III
I.......................................................... .........

IGroundwater 1110 clusters 1175 clusters 122 clusters

Stage 1 1
I & I------------+-------------+..............-.--------------+--........--........

Stage III IVadose Zone 124 clusters 136 clusters 13 clusters

I I I
ISoil Borings 1255 soil borings 1342 soil borings 138 soil borings

I ........................................................ .........

I Stage IV IGroundwater 15 monitoring wells 12 monitoring welLs 11 monitoring we[L

........................................................... .........

ISediments J88 random samples 1180 random samples 112 random samples

Stage V .------------------+--------------------+-------------------- +-------------------

ISurface Water 188 samples 1180 samples 112 random sampLes
..................................................................
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Draft September 3, 1987

Table 2-15 is a Stage IV summary table for well monitoring of

the confined aquifer for the three CERCLA areas of the Hanford Reservation.

2.5 VERIFICATION OF COMPLIANCE OF CHARACTERIZATION METHODS WITH

ENVIRONMENTAL REGULATIONS.

The characterization methods outlined in this document are based on
Guidance on Remedial Investigations and Feasibility Studies Under CERCLA

(EPA/540/G-85/002and 003). These methods must enable the determination of
the nature and extent of the contamination, and provide information
necessary to aid in the evaluation of a remedial alternative.

The levels of contamination which trigger the need for possible
remediation are determined from the applicable or relevant and appropriate
regulatory requirements (ARARS). These requirements are summarized in
Tables 2-17 and 2-18. The type and frequency of sampling is given in 40 CFR
264.90 and 40 CFR 141. The regulatory limits are included in the Washington
Annotated Code as Washington Department of Ecology Regulations.

The analysis of the samples collected as part of the characterization
must be analyzed using acceptable techniquies and methods. Table 2-19
identifies accepted methods for analysis of the samples.

Since the characterization has been based on the EPA guidance for
CERCLA sites, and is consistant with the applicable and appropriate relevant
regulations, the characterization methods are in compliance with the
regulatory requirements.

2.6 ENGINEERING ALTERNATIVES FOR REMEDIATING CERCLA SITES

The purpose of this section is to evaluate the available remedial
action technologies that have been applied to the cleanup of radioactive and
hazardous wastes and to select a number of technologies that are most appli-
cable to the problems associated with the 81 Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) sites at Hanford. This
selection will enable a comparison of the technical feasibility and unit
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TABLE 2-17. SELECTED APPLICABLE OR
AMBIENT REQUIREMENTS

RELEVANT AND APPROPRIATE

Safe Drinking Safe Drinking.
Water Act Water Act Clean Air Act
MCLs h/ MCLGs c/ NAAQS

Chemical (mg/1) (mg/1) (ug/m3)

Arsenic
Bari um
Benxene
Cadmium
Carbon monoxide

Carbon tetrachloride
Chlorophenoxys

2,4-Dichlorophenoxyacetic
acid (2,4-D)

2,4,5-Trichlorophenoxy-propionic
acid (2,4,5-TP)

Chromium VI (hexavalent)
p-Dichlorobenzene
1,2-Dichloroethane
1,1-Dichloroethylene
Endrin
Fluoride
Lindane (99% gamma-HCCH)
Hydrocarbons (non-methane)
Lead
Mercury
Methoxychlor
Nitrate (as N)
Nitrogen dioxide
Ozone
Particulate Matter

Radionuclides
Radium-226 and 228
Gross alpha activity
Tritium
Strontium-90
Other man-made radionuclides

Selenium
Silver
Sulfur oxides

Toxaphene
1,1,1-Trichloroethane

0.05
1.0

0.01
0

40,000 (1-hour)
10,000 (8-hour)

0

0.1
0.01

0.05

0.0002
1.4-2.4
0.004

0.05
0.002
0.1

10.0

5 pCi/1
15 pCi/1

20,000 pCi/1
8 pCi/1

h/
0.01
0.05

0.005

0.75
0
0.007

160 (3-hour) d/
1.5 (90-day) e/

100
235
260
75

(1-year) f/
(1-hour) d/
(24-hour) d/
(1-year) _/

365 (24-hour) 4/
80 (1-year) f/

0.2



TABLE 2-17. SELECTED APPLICABLE OR RELEVANT AND APPROPRIATE
AMBIENT REQUIREMENTS (Continued)

Safe Drinking Safe Drinking.
Water Act Water Act Clean Air Act
MCLs b/ MCLGs c/ NAAQS

Chemical (mg/1) (mg/1) (ug/m3)

Trichloroethylene 0
Trihalomethanes (total) / 0.1
Vinyl chloride 0

a/ Federal ambient water quality criteria (see Exhibit 4-6) and state
environmental standards are also ARARS.

h/ EPA has also proposed MCLS for eight volatile organic chemicals:
trichloroethylene, carbon tetrachloride, 1,1,1-trichloroethane, vinyl
chloride, 1,2-dichloroethane, benzene, 1,1-dichlorethylene, and p-
dichlorobenzene (50 Federal Register 46902-46933, November 13, 1985).

c/ EPA has also proposed MCLGs for 40 additional chemicals. Refer to
Exhibit 4-7 for the proposed MCLG values.

/ Maximum concentration not to be exceeded more than once per year.

e/ Three-month arithmetic mean concentration.

f/ Annual arithmetic mean concentration.

g/ Annual geometric mean concentration.

h/ Radionuclides in drinking water are limited to activity levels
corresponding to a total body or any internal organ dose of 4 millirem/year,
summed over all radionuclides present.

1/ Total trihalomethanes refers to the sum concentration of chloroform,
bromodichlormethane, dibromochloromethane, and bromoform.
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TABLE 2-18.. EPA MBIENT WATER WALITY (W)C) FOR PFOTECTI( OF RMN HEALTH

WrC (Concentrations in Parentes
Coryespond to Midpoint of Risk Range
for Potential Carcinogens Only) _4/

Aquatic Organism
and Drinking Water

Adjusted for Drinking
Water Only b/

Acenapthene
Acrolein
Acryl on itri 1 e*
Aldrin*
Antirrany*

Arsenic*
Asbestos
Benzene*
Benzidine*

Beryl1i L&*
Cadnium*

Carbon tetrachloride*
Chlordane*

Chlorinated benzenes
Hexachlorobenzene*

1,2,4,5-Tetrachlorobenzene*
Pentachlorobenzene*

Trichlorobenzene*

Mnochl orobenzene*
Chlorinated ethanes

1,2-Dichloroethane*

1,1,1-Trichloroethane*
1,1,2-Trichloroethane*
1,1,2,2-Tetrachlorethane*

Hexachloroethane*

20 ug/ (Organoleptic) c/
320 ug/I
0 (58 n/1)

0 (0.074 ng/i)

146 ug/i
0 (2.2 ng/i)
0 (30,000 fibers/1)
0 (0.66 ugh)
0 (0.12 ng/1)
0 (3.7 ng/i)

10 ug/i
0 (0.4 ug/1)
0 (0.46 ng/i)

0 (0.72 ng/i)

38 ug/1

74 ugi
Insufficient data

488 ug/I

0 (0.94 ug/1)

18.4 mg/1
0 (0.6 ug/i)
0 (0.17 ug/1)
0 (1.9 ugh)

20 ug/i (Organoleptic)
540 ug/1

0 (63 ng/1)

0 (1.2 ng/i)

146 ug/1
(25 ng/1)
(30,000 fibers/1)

0 (0.67 ug/1)
0 (0.15 ng/i)
0 (3.9 ng/i)
10 ug/i
0 (0.42 ughi)
0 (22 ng/1)

0 (21 ng/i)

180 ugh

570 ughi

Insufficient data

488 ug/i

0 (0.94 ughi)

19 ma/J

0 (0.6 ugh)

0 (0.17 ug/1)

0 (2.4 ug/1)
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TABLE 2-18.. EPA AMIENT WATER QUALITY (WQ) FOR PROTECTICN OF HLMN HEALTH
(COTIED)

WQC (Concentrations in Parentheses
Correspond to Midpoint of Risk Range
for Potential Carcinogens Only) -a,/

Aquatic Organism
and Drinking Water

Adjusted for Drinking
Water Only h/

Mbnochl oroethane*
1,1-Dichlorethane*
1,1,1,2-Tetrachlomthane

Pentachloroethane

Chlorinated naphthalenes
Chlorinated phenols

3-Monochlorophenol
4-Mtnochlorophenol
2,3-Dichlorophenol
2,5-Dichloophenol
2,6-Dichlorophenol
3,4-Dichlorophenol
2,3,4,6-Tetyrachlorophenol*
2,4,5-Trichlorophenol*
2,4,6-Trichlorophenol*
2-Methyl-4-chlorophenol
3-tethyl -4-chlorophenol
3-Methyl-6-chlorophenol

Chl oroal kyl ethers
bis-(Chloranethyl) ether*

bis-(2-Chloroethyl) ether*

bis-(2-Chloroisopropy) ether

Chlorofornm

2-Chlorophenol

Insufficient data
Insufficient data
Insufficient data

Insufficient data
Insufficient data

0.1 ug/1 (Organoleptic)

0.1 ug/l (Organoleptic)
0.04 ug/1 (Organoleptic)
0.5 ug/1 (Organoleptic)
0.2 ug/1 (Organoleptic)
0.3 ug/1 (Organoleptic)
1.0 ug/1 (Organoleptic)

2600 ug/1

0 (1.2 ug/1)
1800 ug/1 (Organoleptic)
3000 ug/1 (Organoleptic)
20 ug/1 (Organoleptic)

0 (0.0038 ng/1)
0 (30 ng/1)
34.7 ug/1
0 (0.19 ug/1)
0.1 ug/1 (Organoleptic)

Insufficient data
Insufficient data
Insufficient data

Insufficient data

Insufficient data

0.1 ug/1 (Organoleptic)

0.1 ug/1 (Organoleptic)

0.04 ug/1 (Organoleptic)

0.5 ug/1 (Organoleptic)
0.2 ug/1 (Organoleptic)
0.3 ug/1 (Organoleptic)
1.0 ug/1 (Organoleptic)

2600 ug/1
0 (1.8 ug/1)
1800 ug/1 (Organoleptic)
3000 ug/1 (Organoleptic)

20 ug/1 (Organoleptic)

0 (0.0039 ng/1)
0 (30 ng/1)
34.7 ug/1

0 (0.19 ug/1)

0.1 ug/1 (Organoleptic)
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TABLE 2-1&. EPA AMBIENT WATER WiALITY ()) FOR PROTECTI(N OF HUMAN HEALTH

(CWTINJED)

WiC (Concentrations in Partie'ses
Correspond to Midpoint of Risk Range
for Potential Carcinogens Only) ./

Aquatic Organism
and Drinking Water

Adjusted for Drinking
Water Only b/

Chrmiun Cr+6*
Cr+3*

Copper*
Cyanide*
[DT*
Dichlorobenzenes* (all isomrs)
Dichlorobenzidines;
Dichloroethylenes

1,1-Dichloroethylene*
1,2-Dichloroethylene

Di chl orumthane*
2,4-Dichlorophenol*
Dichloropropanes/Dichloropropenes

Dichloropropanes;
Dichloropropenes

Dieldrin*
2,4-Dimnathylphenol
2,4-Dinitrotoluene*
1,2-Diphenylhydrazine*
Endosulfan*
Endrin
Ethylbenzene*
Fluoranthene
Haloethers
Halomethanes

50 ug/1
170 m/1
1 n_;1 (Organoleptic)
200 ug/l
0 (0.024 ng/1)
400 ug/I
0 (10.3 ng/i)

0 (33 rig/i)
Insufficient data
See Halamethanes
3.09 mn/il

Insufficient data
87 ug/I
0 (0.071 ng/i)

400 ug/I (Organoleptic)
0 (0.11 ug/1)
0 (42 ng/i)
74 ug/I
I ug/i
1.4 mg/I
42 ughi
Insufficient data
0 (0.19 ug/1)

50 ug/
179 mwJ

200 ug/i
0 (> 1.2 ng/1)
470 ug/I
0 (20.7 ng/i)

0 (33 ng/i)
Insufficient data
See Halamethanes
3.09 q1/1

Insufficient data
87 ug/1
0 (1.1 ng/1)

400 ugh (Organoleptic)
0 (0.11 ug/1)
0 (46 ng/1)
138 ugh
I ug/i
2.4 m3/1
188 ug/i
Insufficient data
0 (0.19 ug/1)
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TABLE 2-18 EPA MBIENT WATER QJALIY (WC) FOR PR)TECTICN ( OF AN EALTH

(CMED)

WIC (Concentrations in Parentheses
Correspond to Midpoint of Risk Range
for Potential Carcinogens Only) 4/

Aquatic Organisms
and Drinking Water

Adjusted for Drinking
Water Only b/

0
0

Heptachlor*
Hexachlorbutadiene*

Hexachl orocycl ohexanes (CH)

alpha-HCW

beta-rCH*
gam-EHCH*

delta-COi
epsilon-CiCH
Technical-HCCH

Hexachlorocyclopentadiene*

Isophorne*

Lead*
Mercury*
Naphthalene

Nickel*
Nitrobenzene*
Nitrophenols

2,4-Dinitro-o-cresol
Dinitrophenol*
mononitrophenol

Trinitrophenol
Nitrosamines

n-Ni trosodinrethyl ami ne*

n-Nitrosodiethylamine*
n-Ni trosodi -n-butyl ami ne*

(0.2B ng/1)
(0.45 ug/1)

0 (9.2 ng/1)
0 (16.3 ng/)
0 12.3 nql)

Insufficient data

Insufficient data

0 (5.2 n/1)

206 ug/I

5.2 mnll

50 ug/1
144 ng/1
Insufficient data

13.4 ug/l

19.8 mnl

13.4 ug/i

70 ug/1
Insufficient Data
Insufficient data

0 (1.4 ng/1)
0 (0.8 ng/1)

0 (6.4 ng/1)

0
0

(11 ng/1)
(0.45 ug/I)

0 (13 ngl)

0 (23.2 ng/1)
0 (17.4 ng/1)

Insufficient data

Insufficient data

0 (7.4 ng/i)

206 uc/1

5.2 fl

50 ug/1

10 ugh
Insufficient data
15.4 ug/1

19.8 mugj

13.6 ug/i

70 ugh

Insufficient Data
Insufficient data

0 (1.4 ngy)

0 (0.8 n/i)

0 (6.4 ng/1)
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TABLE 2-18. EPA AIBIENT WATER (JALITY (W C) FOR PROTECTION OF RIN HEALIH

(CONTINJED)

W1C (Concentrations in Parentheses
Cormspond to Midpoint of Risk Range
for Potential Cartinogens Only) _4/

Aquatic Organism
and Drinking Water

Adjusted for Drinking
Water Only b/

n-Nitrosodiphenylanine
n-Ni trosopyrrol idine*

Pentachlorophenol*
Phenol*
Phthalate esters

Dinethyl phthal ate

Diethylphthal ate*
Di butyl phthal ate*
Di -2-ethylhexyl phthalate*

Polychlorinated biphenyls (PCBs)*

Polynyuclear arunatic hydrocarbons

(PAHs)*
Seleni umt
Silver*
2,3,7,8-TC[D*
Tetrachloroethylene*
Thall iu 
Tol uene*
Toxaphene*
Tri chl oroethyl ene*
Vinyl chloride*
Zinic*

0 (4.9 ug/1)
0 (16 ng/i)

1.01 mg/l
3.5 nm/1

313 nmg/
350 ng/1
34 mg/I
15 mg/1
0 (0.079 ng/1)

0 (2.8 ng/1)

10 ug/1
50 ug/1
0 (0.000013 ng/i)
0 (0.8 ug/1)
13 ug/1
14.3 mrr/1
0 (0.71 ng/1)

0 (2.7 ug/1)

0 (2.0 ug/1)
5 mg/1 (Organoleptic)

0 (7.0 ug/1)
0 (16 ng/i)

1.01 nf/1
3.5 mff/1

350 mJ
434 rr/1
44 nm/I
21 rngl
0 (> 12.6 ng/i)

0 (3.1 ng/i)

10 ugh
50 ug/1

0 (0.00018 ng/1)

0 (0.88 ug/)

17.8 ug/1
15 rr/l

0 (26 ng/1)

0 (2.8 ug/1)

0 (2.0 ug/1)
5 ng/1 (Organoleptic)
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* Toxicity values necessary for risk characterization are given in Appendix A.



Al The criterion value, wich is zero for all potential carcinogens, is listed

for all chemicals in the table. The concentration value given in parentheses for

potential carcinogens corrsponds to a risk of 10-6, wich is the mipoint of the

range of 10-5 to 10-7 given in water quality criteria docuzents. To obtain

coricentrations conesponding to risks of 10-5, the 10-6 concentrations should ti '

-- lutiplied by 10. To obtain concentrations comesponding to risks of 10-7,
the 10-6 concentratons should be divided by 10.

W These adjusted criteria, for drinking water ingestion only, were derived
frun published EPA anbient water quality criteria (45 Federal Register 79318-79379,
Ntvawber 28, 1980) for cantined fish and drinking water ingestion and for fish
ingestion alone. The adjusted values are not official EPA anbient water quality
criteria, but ny be appropriate for Superfund sites with contaminated ground
water. In the derivation of these values, intake was assured to be 2 liters/day

for drinking water and 6.5 grams/day for dish, and huan body weight was assured to
be 70 kilograms. Values for bioconcentraton factor, carcinogenic potency, and
acceptable daily intake were those used for water quality criteria developent.

r/ Criteria designiated as organoleptic are based on taste and odor effects,
not hunan health effects. Health-based water quality criteria am not available
for these chemicals.
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TABLE 2-19. ACCEPTED METHODS FOR ANALYSIS OF SAMPLES

Type of Sample Method of Analysis

Groundwater Method listed in Appendix IX

to 40 CFR 264.98 and to 40

CFR 264.99

(52 FR 25946)

Surface Water Methods listed in Appendix A

to 40 CFR 136.3

Air Methods listed in Appendix B
to 40 CFR 61
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Draft September 3, 1987

costs of these technologies to evaluate their applicability to the sites at
Hanford. The objective is to identify at least two remedial action alterna-

tives (one a removal alternative, and one an in-place alternative) for each
site that, based on the data available, have a high probability for applica-
tion to the site problem.

2.6.1 Methodology of the Remedial Action Selection Process

The actual selection of a remedial action will be made as a part of The
Remedial Investigation/Feasibility Study (RI/FS) performed for the site. In
this effort, it is necessary to identify reasonable alternatives to allow

the estimation of the cost and schedule for remediation of each site.

Selection of appropriate remedial actions for the 81 sites is

dependent upon the following information:

o Physical site conditions

o Volume and types of wastes disposed

o Fate and transport mechanisms for the wastes

o Previous applications (and scale) of the remedial technology
o Technical feasibility of the technology for the waste type and

site conditions in terms of effectiveness, reliability, ana state
of development

o Applicable environmental regulations

o Cost

The basic sequence for selecting the most applicable remedial
technologies is illustrated in Figure 2-21. The first two tasks, done
simultaneously, are the definition of the area, volume, form, and matrix of
contaminated materials at each site and the identification of a list of
potential remedial technologies.

2.6.1.1 Site Conditions and Waste Disposed

Definition of the problem at each site included summarizing the
following information:
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Define area, volume, form and
matrix of contaminated
materials at each site

Screening/selection the
likely technologies for
Hanford sites

Identify potential R.A.
technologies

most
the

Literature search, expert
review and ranking of most
likely R.A. technologies

Selection of final list
of applicable R.A.
technologies

Identification of most
likely technology for
each specific site

FIGURE 2-21

REMEDIATION TECHNOLOGY SELECTION SEQUENCE
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o Type of disposal unit
o Proximal location

o Radionuclides disposed and their solubility
o Other wastes disposed, including salts
o Depth of wastes

o Depth to groundwater

o Volume of liquid wastes disposed
o Calculated field capacity for the soil column

This information is presented in Columns 1-15 of Table 2-20.

2.6.1.2 Pathways and Fate of Pollutants

Since selection of remedial technologies is primarily dependent on
knowing how much contaminated material there is, and where it is,
calculations or assumptions on the following pathways or fates were made for
each site.

o Soil attenuation - This is used to determine the probable fate of
heavy metals and nonsoluble radionuclides. It is assumed that
unless very high rates of water were applied to the site or acid
solutions were disposed of at the site, most of these elements
would adsorb to soil particles within a 20-foot depth below the
point of application.

o Downward migration - It has been assumed that the more soluble
radionuclides such as tritium or cesium and salts such as nitrates
or sulfates would have migrated through the soil column to
groundwater in the time period since the sites were closed. It
should be noted, however, that some active sites releasing these
elements to the soil column may be near CERCLA sites.

o Radionuclide uptake - An analysis was made of the potential for
plant root uptake at each site. Maximum root penetration was
assumed to be 40 feet.
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KEY TO TABLE 2-20

POTENTIAL REMEDIAL ACTION ALTERNATIVES - CERCLA SITES

Column No. Title

Site number

Type

Proximal location

HRS score

Total curies disposed

Total of H, C, Ru, Eu

Total of Cs, Sr

Total of all else

Other waste disposed

Depth to waste

Depth to groundwater

Volume disposed

Explianation

Site ID number from Phase
II report

Type of disposal unit

0 - site is within 500'
of another site

1 - continuous sites

Not m HRS score

Total disposed curies of
H-3, C-14, Ru-106, Eu-154,
Eu-155

Total disposed curies of
cesium and strontium

Total disposed curies of
all other radionuclides

See index at bottom of
table

Depth to point of appli-
cation

Field capacity These 3 columns are an
estimate of the potential
for the liquids disposed
at each site to be either
still in the soil column
(0) or have probably
entered the groundwater
(X). Three different field
capacities (FC = 0.05, 0.1
and 0.25) were used to
cover the expected porosity
ranges in the Hanford soils.
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2

3

4

5

6

7

8

9

10

11

12
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KEY TO TABLE 2-20 (Continued)

POTENTIAL REMEDIAL ACTION ALTERNATIVES - CERCLA SITES

Column No. Title

Soil attenuation

Downward migration

Radionuclide uptake

Groundwater release

Surface erosion

Potentially feasible
remedial action

16

2-74

Explanation

X - highly likely that
significant amounts of
radionuclides are ad-
sorbed in soil column
at less than 20' depth

0 - highly likely that
other metals (Hg, Cr, etc.)
are stored in shallow depth
of soil column

X - soluble radionuclides
in excess of 1.0 curie
applied to site

0 - less than 1.0 curie
of soluble radionuclides
applied to site

X - more than 1.0 curie of
radionuclides stored in
top 20' of soil

0 - potentially either
less than 1.0 curie in
top 20' of soil or more
than 1.0 curie in the
soil but at depths be-
tween 20' and 40' deep

X - groundwater contamina-
tion highly likely because
FC/WV is less than 1.0

0 - potential groundwater
contamination due to readily
soluble contaminants, high
volumes (more than 10 million
liters) of disposed liquids
or FC/WV less than 10

0 - waste is less than 10'
below the surface thus
potentially subject to
erosion

X - feasible for that site

17

18

19

20

21-26



TABLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued)

Nanford Inactive Weste Site Study.

FATE OF CONT AMINANT f
Vegatation Ground- Depth to Depth to volume Field Field Field

Soit Downward Uptake of Water surface Waste GW Disposed Capacity Capacity Capacity

Site No. Attenuation Migration Radionuclides Release Errosion Feet Feet (liters) (FC0.05) CFC4.1) CFC4.25)

--- --- --- -- --- --- --- -- --- --- --- -- --- --- --- -- ---... .. 20. *..1....,000...*0. .0

2

3

4

5
6
7

9

10
11

12
13
14
15

16
17
Is

19
20
21
22
23
24
25

116-B-1
116-5-4

116-C-1
116-C-2

116-0-1I
16-DR- I

116-DR-2
116-DR-6

116-DR-7

116-F-1
116-F-2

116-F-3
116-F-6
116-F-9

116-F-10

116-1N-1
116-N-2
116-1N-3

100 KE*1
100 KE12
100 KW*1
100 KW*2
116-K-1
116-K-2
116-KE-2

0

x

x
0

0

0

x 0 x

0 a

x 0

0

N

N

x
x

x
x

x

0

0 xN

Sx
I x

x

x
0
0

x
0

0

N

x

x
x

N

20 41 6, 000, ODO

20 71 300,000

25 41 100,000,000

20 94 3,500,000

15
20
20
10
10

10
15

o - 8
10
10
10

15

o 6
15

0

0

0

0

x
x
N

0
0
0

x

x
x

4

3

4
3

30
20
32

83

56
56
83

73

13

35
37

36

50
38

42

42
42

68

68

72
72
50
34
68

8,000.000
40,000,000
40,000,000
7,000,000

4,000

1,000,000,000
60,000,000

4,000,000
100,000

300,000,000
400,000

90,000,000
600,000,000

400,000

0
0
0
0

40,000,000

300,000,000,000
3,000,000

x

N

It

x

N

N

N

N

x
x
x

x
0

x
xN

It

x

x

x

x

x
N

NN

N

x x xN

It
x
It

x
x
A

x

xNt

x
x
x

N

N

N

N
N

N
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TABLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued)

Kanford Inactive Wiate lit. Study.

.......... ......... ......... ......- - ......- - - ---- - --- --- -- -- -- -- -- --- --- - -- - -- ------- - --- - CC p
Proximal Total w/ P

Location WS Curies Total of Total of Total of Other Wastes
Site to. Type (<500') Score Disposed (1) N,C,Ru,Eu Cs,Sr All Else Disposed (2) Non

1.95
4.33

329.58
1.33

1.48

21.5?
21.57
0.00
0.00

2.17
9.77
0.00
3.94
2.84
0.07

1.45
0.00

213.96
0.33

0.73
6.92
6.92
0.00
0.00

0.96
8.12
0.00
2.87
0.59
0.05

0.38 0.13 1
0.00 4.33 1,2
7.46 108.17 1
0.98 0.01 1,2

0.68
13.51
13.51
0.00
0.00

0.96
0.83
0.00
0.72
2.05
0.01

0.08
1.14
1.14
0.00
0.00

0.25
0.82
0.00
0.35
0.19
0.01

20.12 14.42 4.56 1.14

1.04 0.28 0.75 0.02
0.05 0.01 0.03 0.01

116-6-1
116-5-4
116-C-1
116-C-2

116-0-1S
116-04-1
116-04-2
116-DR-6
116-DR-7

116-F-1

116-F-2
116-F-3
116-F-6
116-F-9
116-F-10

116-N-1
116-1-2
116-M-3

100 KE*1
100 KE*2
100 w111
100 Ku*2
116-K-1
116-K-2
116-KE-2

Trench
Fr. Drain
Trench
Crib

Trench
Trench
Trench
Trench
Crib

Trench
Trench
Trench
Trench
Trench
Fr. Drain

Trench
Trench
Fr. Drain

Drywoe I
Fr. Drain
DrywolIt
Fr. Drain
Crib
Trench
Crib

0.00
0.00
0.00
0.00

18.79
158.75

2.79

0.00
0.00
0.00
0.00
2.98

200.50
11.12

1,3
1
1
1
4

1,2
1
1
3
5

1,2

1
1

1,2

6
6
6
6
1

1.2,3,7
3

/Cover Grout- in- Solution Nin-
C Place W/ ing & Eac.tion

PC In-Situ Vit- Recovery/ a No Action
itoring Monitoring rification Treatment Sispoesi

x x
x x
x x x x
Sx x

x x
x .

x x
x x

x x I

x x I

x It
x I

x x x
x x

x x x

It x x
It x x
It x x

x A

x x
x x
x x

x x

x x x
x x x x

o 42.32
".55

o 42.32
42.32

I
0

0

42.32
42.32
42.32
42.32
28.96

0.00
0.00
0.00
0.00

30.56
1320.59

14.65

0.00
0.00
0.00
0.00
8.79

961.34
0.74

10
11
12
13
14
Is

16
17
18

19,
20
21
22
23
24
25

".55
42.32

o 42.32
o 28.96

42.32
o 42.32

42.32

o 42.32
o 42.32

- 42.32
- 42.32

40.09
- 40.09
o 42.32
o 51.23

35."
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TABLE 2-20. POTENTIAL REMEDIAL ACITON ALTERNATIVES (Continued)

manford inactive Waste Site Study.

FAT E OF CONTAM I MANT S
Vegatation Ground-

Soil Downward Uptake of Water Surface Depth to Depth to Votuas Field field Field

Site No. Attenuation Migration Radionuclides Release Errosion Waste GW Disposed Capacity Capacity Capacity

.. . . No. --- - - - -Feet Feet (liters) (FC 0.05) (FC=0.1) (FC.0.25)

73 I 216-1-2 o 75 256 6,000,000

74 216--3 x x x 206 249 11,300,000 x x x

75 216-T-7 x x o x 26 191 110,000,000 x x x

76 216-1-8 o o 25 258 500,000

77 I 216-T-19 x x o x 23 189 455,000,000 x x x

78 216-1-28 x x x x 15 195 42,300,000 x x x

79 316-1 x x x x a 9 34 10,000,000,000 x x x

80 I 316-2 x x A x 10 34 10,000,000,000 x x x

81 316-3 x o x 20 43 1,000,000,000 x x i

............... ..................... ......................................... .................



TABLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued)

Total

Curies Total of

Disposed (1) N,C,Ru,Eu

0.00 0.00

286.20 0.00

58.74 0.00

1.21 0.00

0.00 0.00

331.53 0.00

Total of

Cs,Sr

0.00
43.60

49.30

0.85

326.00

7.06

-P 0 T E N T I A L L Y F E A 3 1 1 L I N E N E D I A L A C T 1 0 N I
Cap/Cover Grout-in- Solution Min-

.......-......- .-.-....- W/ PC Place w/ ing A GW Excavation

PC In-Situ Vit- Recovery/ & No Action
Total of Other Wastes Monitoring Monitoring rification Treatment Disposal

Ali Else Disposed (2) ...--------- --.- ----- -----------.---------------- -- -------------------

0.00 1,2,8 x x
242.60 2,3,8,9,11 x a

9.44 2,3,8,9,11 x x x
0.36 1,2,8 x x
5.53 3,8,9 x x x x
4.44 8 x x A

1 316-1 Pond 79.28 0.00 0.00 0.00 0.00 8,12,13,14,15 X A I x

I 316-2 Pond 79.28 0.00 0.00 0.00 0.00 8,12,13,14,15 x A x x

I 316-3 Trench 79.28 0.00 0.00 0.00 0.00 12,15 x x x A

Stb set data file

isotope (1) Decay Mode

N-3
C- 14

Co-60

11-63

Sr-90

Ru- 106

Cs- 134
Cs-137
Eu-152

Eu- 154

Eu-155
Pu-238

Pu-239

Pu- 240

u-235

U-238

Beta
Iota

Beta
Beta
Beta
Beta, Gamma

Beta
Beta
Beta

Alpha

Alpha

Alpha
Alpha
Alpha

Other Wastes Disposed (2)

I Cr(2)0(7)

2 ii(3)S
3 SO(4)
4 5(4)0(7)

5 H(3)
6 Mg

7 Cu

8 M0(3)

9 PO(4)

10 CM

11 F

12 Metals

13 TCE

14 MIRK

15 U

(inc. Mg, Pb, Cr, Be, Ag, Mi, etc)

Trichloriethylene

Methyl Isobutyt Ketone
Uranium

Uanford Inactive Wste Site Study.

............................. - - - - - - - - - - - - - - - - -.............................

Proximal

Location

(s500')Site No.
216-T-2

216-T-3

216-1-7

216-T-8
216-T-19

216-T-28

Type

Rec. Welt

Rec. Wet t
Crib

Crib
Crib

Crib

T3
7'
75

76

77

7

79
D0
81

MRS

Score

50.34

60.40

65.44

47.82

45.19

42.14co
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TABLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued)

ManFord Inwitive Waste Site Study.

F A T E 0 F C 0 N T A N I M A N T S -------------------------------.---------------------------.-----.

Vegetation Ground- Depth to Depth to Volume Field Field Field

Soil Downward Uptake of Water Surface Waste GW Disposed Capacity Capacity Capacity

Site No. Attenuation Migration Radionuclides Release Errosion Feet Feet (liters) (FC.0.05) (FC=0.1) (FC-0.25)

26 216-8-43 0 x 0 15 228 2,120,000

27 I 216-6-44 x x x 15 222 5,600,000

28 216-B-45 0 x o 15 220 4,920,000

29 I 216-0-46 x Ax 15 219 6,700,000

30 I 216-8-48 0 x o 15 225 4,090,000

31 216-1-49 x x x 15 223 6,700,000

32 216-8-50 0 x 0 15 223 54,800,000 x x 0

33 I 216-S-5
34 I 216-8-2-2
35 216-5-6

36 I 216-B-7 AUl
37 I 216--IGA
38 j 216-8-16

39 216-C-1
40 216-C-10

41 216-A-9

42 j 216-A-40

43 I 216-A-4
44 216-A-5

45 216-A-6
46 216-A-7
47 216-A-21

48 216-A-24

49 216-A-27
50 216-A-28

51 216-A-36A

x
0
0
x
0
0

x

x

x
x

A

x

x
0

0

0
302

8
75
14
20

120

o x 0 0

o x 0 0

0

x

x
x

x

x

a

x x

x x

0 0

A A

283 30,600,000 x

255 149,000,000,000 x

296 6,000,000
241 43,600,000 x
300 9,990,000
338 5,600,000

13 282 23,400,000 x
7 286 897,000

12 294 981,000,000 x
16 284 946,000

25

32
19

15

19
15

14
11
22

305 6,210,000
313 1,630,000,000 At

290 3,400,000,000 x

274 326,000

310 77,800,000 x

242 820,000,000 x

308 23,100,000 o
298 30,000

314 1,070,000

x I
x x

x 0

0

x x

A x

x I o
x x

24
kD

I



TABLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued)

Nanford inactive Waste Site Study.
POT ENT IAL L T IEAS II L E R EMED1AL ACT IONS

..............................................................------- --- ---------------------- --- Cap/Cover Grout-In- Solution Nin-

Proximal Total W/ PC Place w/ Ing & GW Excavation

Location MRS Curies Total of Total of Total of Other Wastes PC In-Situ Vit- Recovery/ a No Action
Site No. Type (<500') Score Disposed (1) N,C,Ru,Eu CS.Sr AlL Else Disposed (2) Monitoring Monitoring rification Treatment Disposal

Crib
Crib
Crib

Crib

Crib
Crib
Crib

Rec. Well

Ditch
Rec. Well
Crib
Crib
Crib

Crib
Crib

Crib

Trench

Crib

Crib
Crib
Crib
Crib
Crib
Crib
Fr. Drain
Crib

I -48.67
50.42
52.20
52.20
52.20
52.20
43.70

61.54
30.67

o 50.34
65.44

o 47.82

52.20

942.06
2097.17
2407.82
1326.50
1145.38
1975.28
149.57

369.40
235.49

0.00
2764.07

3.22
1104.94

170.00

450.00
390.00
536.00

327.00
536.00

90.00

0.00
0.00

0.00

0.00

0.00

450.00

772.00

1646.00

2017.00
788.90

518.00
1438.00

59.52

59.70
235.49

0.00
2451.80

2.51
654.00

0.06
1.17
0.52
1.60

0.38
1.28
0.05

309.70
0.00

0.00

312.27
0.72
0.94

o 39.33 164.53 70.00 93.85 0.68

o 33.29 37.92 0.00 37.89 0.02

o 42.79
o 32.72

a 47.82

o 50.42
42.14
42.79

o 57.89
48.67

o 59.63
32.72

o 32.62

2,3,9,10
2,3,9,10
2,3,9,10
2,3,9,10
2,3,9,10
2,3,9, 10

3

3,8,9,11

1,3,8
3,8,9,11

1,3,8
3,8,9,10

x

x

x

x

x

x

x

x

x

x

x

a
8

it
x
x

x
x

K

K

x

x
x
x
x
x
x

x

K

x

x

x

x

x

x

x

x

x
x

4017.21 4000.00 17.17 0.04
0.00 0.00 0.00 0.00

22.68

130066.92
166.21

3.07

105.25

1712.51

69.52

0.21

2010.56

0.00
130000.00

0.00

0.00

0.00

1400.00

0.00

0.00

0.00

12.37
58.80

163.40
2.99

93.84
312.10
62.20
0.00

2004.00

10.31
5.12
2.81
0.08

11.41
0.41
7.32
0.21
6.56

x

x

x

x

x

x

X
x
x

x
x
x

Co
0

26
27

28

29
30

31

32

33
34
35

36

37

38

216-6-43
216-9-44
216-9-45
216-3-46
216-3-48
216-5-49
216-8-50

216-1-5
216-1-2-2
216-3-6

216-8-7 ALS
216-6-IGA
216-1-16

39 I 216-C-1
40 216-C-10

41 j 216-A-9
42 j 216-A-40

43
44

'5

46
'7

48

49
50
51

216-A-4
216-A-5
216-A-6
216-A-7

216-A-21
216-A-24
216-A-27
216-A-28
216-A-36A



TABLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued)

Manford inactive Wast. Site Study.

F A T E 0 F C 0 N T A M I M A N ? S
Vegetation Ground-

Soil Downward Uptake of water Surface
Site No. Attenuation Migration Radionuclides Release Errosion

.. . . . . . . . . . . . . . . . . . . . . . . . . ............
216-S-5 x x x x
216-S-6 x x x x
216-S-160 o 0
216-S-16P x x x x 
216-S-17 0 A A x

57 I 216-U-11

58 216-S-182
59 I 216-S-3
60 216-S-4
61 216-S-7

62 216-S-9

63 216-S-20
6 216-s-21

65 216-u-1&2
216-u-3

67 216-U-4
68 216-U-4A
69 | 216-U-48

70 j 216-2-182

71 216-2-7

72 I 216-Z-10

o 0

x x

o x

0

x

x a

a a

o a

x 0

x x
0

0
0

0

0

a

0

a

0

----...... .......................... . .. .. . .. .. . .. . .
Depth to Depth to Volume Field Field Field
Waste GW Disposed Capacity Capacity Capacity
Feet Feet (liters) (FC-0.05) (FC=0.1) (FC-0.25)

15 180 4,100,000,000 x x A

15 180 4,470,000,000 A x x
3 180 400,000,000 A x 0

3 180 41,000,000,000 x A x
10 180 6,430,000,000 x x I

7 185 0

35 197

6 190

20 180

22 202

30 205

30 208

21 180

24 209

12 190

75 227

10 227

10 230

0

0

160,000,000

4,200,000

1,000,000

390,000,000

50,300,000

135,000,000

87,100,000

15,900,000

791,000

300,000

545,000

33,000

x

x

x0

x

0

x

x

x I x

x

x

x

x

21 191 38,900,000 A

x a 5 187 79,900,000 x x x
0 150 193 1,000,000 x x o

co

52

53
54
55
56



TABLE 2-20. POTENTIAL REMEDIAL ACTION ALTERNATIVES (Continued)

Nanford Inactive Waste Site Study.
POT E N T I A L L Y FE AS I B L E R E MED I AL AC T IONS................................................................................................ 

Cap/Covar Grout-in- Solution Min-
Proximal Total W/ PC Place w/ ing L GW Excavation
Location MRS Curies Total of Total of Total of Other Wastes PC In-Situ Vit- Recovery/ & No ActionSite No. Type (<500') Score Disposed (1) i,C,Ru,Eu Cs,Sr All Else Disposed (2) Monitoring Monitoring rification Treatment Disposal

130.48

384.95
0.00

110.57
31.62

0.16
0.50

0.00
0.20
0.06

88.20

349.00

0.00

82.10
31.30

42.12

35.45

0.00

28.27
0.26

0.00 0.00 8.00 0.00

6657.93

3024.41

0.02

2320.40

6428.89
98.76

117.29

11.50

0.53

0.00

0.22

0.22

4000.00

3000.00

0.02
0.00

6000.00

0.00

0.00
0.00

0.00

0.00

0.00

0.00

2570.00
24.35

0.00

2287.00
422.00
86.30

117.10

0.52

0.00

0.22

0.22

0.22

87.93

0.05

0.00

33.39
6.88

12.46

0.19

0.01

0.00

0.00

0.00

0.00

37.75 4672.37 0.00 0.32 4672.04 8,11

43.70 591.88 0.00 447.00 144.88
32.72 3.62 0.00 0.00 3.62

53
54
55
56

21-S-5
216-S-6
216-S- 16D
216-S- 16P
216-S-17

0

0

0

0
0

57 | 216-U-11

30.75
42.14
42.14
32.72
38.07

37.75

C

8

8

a8

8

Crib
Crib
Ditch

Pond
Pand

Ditch (2)

Crib (2)
Fr Drain (2)
Fr Drein
Crib (2)
Crib
Crib
Crib
Crib (2)
Fr Drain
Rec. Wetl
Fr Drain
Fr Drain

A

x

x

5.

60

'I
'a

679

216-S-152
216-S-3
216-s-4
216-s-7
216-:-9
216- -20
216-1-21
216-U- 12
216-U-3
216-U-4
216-U-4A
216-U-45

x x

A x

x A

x x

57.73
48.97

o 32.72
59.63
39.23
43.70

o 31.93
48.97

33.89
32.72
32.72
30.20

x

x

A A x

A x A

8

1,8

8

8

8

8
8

3,8,9
8

8
8,9
8

Crib70 I 216-2-1&2

71 I 216-Z-?
72 216-Z-10

A

A

A

A

Crib (2)
aM. Well

A

A

A

x

A x

x A

A

A

A

A

A

8

8 A

A

A

A

x

||
|
|
|
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o Groundwater release - If the field capacity (FC) of the soil
column is exceeded by the volume of waste disposed, groundwater
contamination has been assumed. In addition, if the FC/volume
ratio was less than ten, or more than ten million liters of water
were applied, or the contaminate types were highly migratory, a
high potential for discharge to groundwater was assumed. Note
that no evaporation losses were considered.

o Surface erosion - Those sites with contamination less than ten
feet below the ground surface were identified as having a
potential for waste dispersion by wind or water erosion.

The summary of the site data and pathways/fate of pollutants for each
site is presented in Columns 16-20 of Table 2-20.

2.6.1.3 Selection of Technologies

As the first step, published Environmental Protection Agency (EPA)
handbooks and conference proceedings that listed numerous potential remedial
technologies for hazardous and radioactive wastes were reviewed (see
Appendix B for a list of Potential Technologies). The remedial technologies
were divided into three groups:

o Waste isolation

o Excavation/removal

o In-situ treatment

Waste isolation addresses those technologies that contain all the
contaminated material onsite and involve minimum movement of either wastes
or contaminated soils. Excavation/removal addresses those technologies that
generally involve removing the contaminated material and transferring it to
another location for treatment and disposal. In-situ treatment involves
technologies that effectively treat the contaminated material in place.
Very little waste or soil is excavated or removed from the site by these
technologies, which either extract the hazardous constituents for
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treatment/recovery or physically, chemically, or biologically detoxify the
hazardous constituents.

These groups are listed in the general order of overall demonstrated
effectiveness and environmental acceptability from the perspective of
meeting applicable standards and providing a permanent solution.

2.6.1.4 Screening of Technologies

Specific remedial technologies were identified in each of the three
groups discussed above. This technology list is presented in Table 2-21,
which shows both primary technologies that are used to treat the
contaminated materials and some of the major support technologies that are
used to protect the environment during remedial action operations. The next
step was to screen these technologies and determine those that would be most
applicable to the 81 CERCLA sites at Hanford. This was done by reviewing
the site conditions and pollutant pathways and fate and identifying those
technologies that were most advantageous based on previous applications to
comparable waste types or site conditions.

2.6.1.5 Selection of Final Remedial Technologies

Once the primary candidate technologies had been identified, a
literature and case study review was conducted to determine the following:

o Operating range/conditions for each technology - effective depth,
waste types, soil types, etc.

o State of development of technology - bench, pilot, full scale

o Similarity of wastes and site conditions to those expected at
Hanford

o Acceptability - demonstrated ability to meet applicable
regulations and standards
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GENERAL REMEDIATION TECHNOLOGY GROUPS

WASTE ISOLATION

Primary Technologies

o cap/cover systems
o slurry walls
o grout-in-place
o in-situ vitrification

Support Technologies

o dust control
o runoff diversion/collection/treatment
o equipment decontamination

EXCAVATION/REMOVAL

Primary Technologies

o excavation/disposal
o groundwater pump/treat systems
o solidification/fixation

Support Technologies

o waste handling/transportation
o dust control
o runoff diversion/collection/treatment
o equipment decontamination

IN SITU TREATMENT

Primary Technologies

o solution mining
o soil flushing
o air/steam stripping
o biodegradation systems
o chemical fixation/complexation

Support Technologies

o extraction/concentration facilities
o equipment decontamination
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o Complexity - simpler is better

o Throughput/capacity - length of time to treat expected waste
volumes

o 0 & M requirements (including decontamination needs)

This information was then reviewed by the task members, closely
compared to the site conditions, and resulted in the selection of 6
technologies for potential application at Hanford:

o Cap/cover

o Grout-in-place

o In-situ vitrification

o Excavation and disposal
o Soil flushing

o Groundwater recovery and treatment

Table 2-22 provides a comparison of the technical feasibility, costs,
applicable environmental regulations, and state of development for the
technologies evaluated. The process, operations, costs, applications and
limitations of the six selected technologies are described in more detail in
Appendix C.

In addition, a no-action alternative has been included, since many of
the sites received such apparently low volumes of wastes and had either no
radionuclide or heavy metal waste or very low (less than two curies) amounts
of radioactive materials.

2.6.1.6 Selection of the Remedial Technologies by Site

Once the final seven alternatives (six technologies plus no action)
were selected, an evaluation was made for each site, and at least two
technologies per site were identified as applicable. One further crucial
assumption was made: to combine soil flushing and groundwater treatment as
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TABLE 2-22
Summary Matrix of Applications of Remedial Action Technologies

Technical Feasibility

---------------------------------------------------------------------- Costs
Total Soluble/ Effective I----------I

Remedial Action Radio- Non-Soluble Heavy Organics Depth Other Factor Unit

Technology Nuclides Radionuclides Metals (Feet) Limitations Cost

Yes Yes No Limit Susceptible to
Subsidence

100 Square $4,500
Yards

Grout-in-Place

Vitrification

Co

No Limit Non-Soluble

No Limit Non-Soluble
Low Volatility

Yes

Yes

Yes No Limit Extensive Site

Character Required

Difficult to Verify

Effectiveness

No <50 Low Soil Moisture
Required

High Energy Demand

Excavation/
Disposal

No Limit Non-Soluble
Low Volatility

Yes Yes <60 Worker H&S 100 Cubic $36,500 -
Concerns Yards $68,900

Groundwater Pump/
Treatment

Soil Flushing No Limit

Water
Treatment

No Limit

Soluble

Soluble

Yes Poor No Limit Need Extensive 100 Cubic,( $3,500
Characteristics of Yards ,

Soil/Waste

Matrix

Yes Yes No Limit Required Extensive

Aquifer

Characterization

100 Cubic
Yards

$1,200

Cap/Cover <1Ci Non-Soluble

100 Cubic
Yards

100 Cubic
Yards

$6,000

$38,900



TABLE 2-22

Summary Matrix of Applications of Remedial Action Technologies

Remedial Action

Technology

Source Controls

CAP/Systems

Grout-in-Place

Applicable
Env. Requirements

Air Surface Ground RCRA

Water Water

Demonstrated Compliance with State of Development
Envirornental Regulations

.. . ................... ------- ------------------
CERCLA RCRA LLRAD HLRAD Radionuclides Heavy Organics
Sites Sites Sites Sites Metals

.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... .

Yes Yes No No Yes Yes Yes Unknown Full Scale

No Yes Yes No No Unknown No

Full Scale Full Scale

No Pilot Scale Pilot Scale Unknown

Vitrification Yes Yes No Yes
(Site
Prep.)

Unknown Yes Yes Unknown Pilot Scale Pilot Scale Unknown
At Hanford

Excavation/

Disposal
Yes Yes Yes Yes Yes Yes Yes Yes Full Scale Full Scale Full Scale

Groundwater Pump/
Treatment

Soil Flushing Yes No Yes Yes Proposed Yes
(Recovered
Solution)

Yes Proposed Full Scale Full Scale Pilot Se"ale
On Ore Bodies On Ore Bodies

Pilot Scale

On Wastes

Water Yes No Yes Yes Yes Yes Yes Proposed Full Scale Full Scale Full Scale
Treatment (Recovered (Stripping)

Solution)
............................................................................................................. ............................................................ . .
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one technology since they both involved essentially the same equipment,
configuration and operational concerns.

The alternatives were selected for each site based on the following
definitions:

Cap/Cover: Potentially useful for sites where the total curie count
is less than ten, with most wastes having low solubility. Depth of
materials is not a relevant item in the decision process, but the volume of
wastes applied to the site should be less than 10,000,000 liters so as to be
reasonably assured of fairly shallow depths of contamination.

Grout-in-Place: In-situ grouting using bentonites and portland cement
to both chemically stabilize the materials (mostly metals) and physically
isolate the wastes from water migration. There are no limits on the depth
of wastes.

In-Situ Vitrification: Physical isolation of the wastes, with a depth
of effectiveness to approximately 50 feet (assumed for this analysis). The
actual limitation is the volume rather than the depth.

Excavation and Disposal: Most useful with sites where wastes have low
solubility, are near the surface, and have had a low volume of wastewater.

Soil Flushing/Groundwater Recovery and Treatment: Most useful with the
soluble pollutants, but generally not effective on wastes where the
nonsoluble fraction was greater than 25 percent.

The most likely application for each technology with respect to radio-
nuclide contamination, depth of wastes, and volume of waste and chemical
waste discharged is summarized as follows:
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Technology Limiting Site/Waste Conditions

Cap/Cover

Grout-in-Place

In-Situ Vitrification

Excavation and Disposal

Soil Flushing/

Groundwater Recovery

and Treatment

No Action

Ci

Total

<10

N.S.

N.S.

N.S.

N.S.

< 2

Ci

Nonsoluble

< 1
N.S.

N.S.

>25% of Ci

<25% of Ci

< 1

Chemi cal
Wastes

N.S.

N.*S.

N.S.

N.S.

N.S.

N.S.

Depth of

Wastes

N.S.

N.S.

< 50'**

< 50'+

N.S.

N.S.

Volume of

Wastes

< 10,000,000

<100,000,000

<100,000,000

< 10,000,000

<100,000,000

N.S.

N.S. = Not significant in decision process (but considered).

*
= Any application of grout-in-place must be custom tailored to the

geohydrologic conditions and waste characteristics.

+ = Assumed for analysis purposes. Greater depth would require shoring of

the work area.

**
= This limit is only assumed for applicability of the technology to

specific Hanford Sites. The limiting factor is actually the volume that can
be vitrified.

Using these criteria, each technology was compared to each site and a
decision made on the potential feasibility for application at that site.
These decisions are summarized in Columns 21-25 of Table 2-20.

2.6.2 Summary of Selected Remedial Action by Site

An evaluation resulted in the selection of two or more remedial actions
for each site. The selections were based on technical feasibility and the
objective of establishing a reasonable cost range for each site. The
remedial action alternatives presented for each site are presented in
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columns 21-26 of Table 2-20. In total, 19 sites were identified where the
no-action alternative might be applicable, 36 sites for possible application
of cap/cover, 49 sites for possible grout-in-place applications, 35 sites
where in-situ vitrification may be appropriate, 42 sites for possible
application of soil flushing and groundwater recovery and treatment, and 42
sites where excavation and disposal are feasible.

In terms of the number of possible remedial action alternatives per
site, the 81 sites are distributed as follows:

No. of Possible

Remedial Actions No. of Sites

2 34
3 32
4 15

2.6.3 Remedial Action Unit Costs

As discussed in Appendix C, a unit cost has been developed for each
proposed remedial action. The costs are in either $/100 cubic yard or
$/square yard. The costs include equipment, materials, operation and
maintenance (e.g., labor and power) and health and safety. Other costs,
such as site preparation (e.g., demolition, road building, etc.), have not
been included because they are highly variable for each site. Instead, it
is proposed that a contingency factor or allowance for unforeseen costs be
included in the site-specific remedial action cost estimate.

Unit costs for the remedial action alternatives are as follows:

o Cap/cover - $4,500/100 square yards (See Appendix C.1)

o Grout-in-place - $6,000/100 cubic yards (See Appendix C.2)

o In-situ vitrification - $38,900/100 cubic yards (See Appendix C.3)
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o Excavation and disposal with incineration - $68,900/100 cubic
yards (See Appendix C.6)

Excavation and disposal without incineration - $36,500/100 cubic
yards (See Appendix C.6)

o Soil flushing - $3,500/100 cubic yards (See Appendix C.4)

o Groundwater recovery and treatment - $1,200/100 cubic yards (See
Appendix C.5)

For excavation and disposal, the higher number includes waste
treatment/preparation for disposal.

2.7 COST ESTIMATES FOR INACTIVE WASTE DISPOSAL CHARACTERIZATION AND
REMEDIATION

This section provides an order of magnitude estimate of the costs
associated with characterizing and implementing remedial actions at all of
the identified inactive waste disposal sites on the Hanford Reservation.
The objective is to provide specific cost estimates for the characterization
and remediation of each of the CERCLA sites and for each type (crib, trench,
pond, etc.) of RCRA site and to provide a summary cost estimate for each
area of the Hanford Reservation.

2.7.1 Cost Elements

The potential CERCLA sites at Hanford are clustered in the 100, 200,
and 300 areas. The costs for characterization and remediation of the CERCLA
sites in each area are composed of four elements:

o Characterization Costs

o Feasibility Study, Engineering, and Construction Management Costs
o Remedial Action (Cleanup) Costs

o Post Remedial Action Costs, i.e., Monitoring Costs
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For the characterization costs and remedial action costs, a range is
presented. For characterization, the low range represents the Cost of only
having to do Stage II site characterization which would be applicable to
those sites where the wastes are minimally dispersed in the vadose zone.
The high range represents the potential need for full and widespread site
characterization covering all pathways and receptors and assuming a wide
dispersion of wastes in soils and groundwater.

The cost of the engineering and construction management is generally in
the range of 10 to 20% of the actual construction cost for almost any type
of engineering project. For instance, on the DOE CENTRA Project, which
involves low-level radioactivity and heavy metals wastes, this element
averages about 15% of the remedial return cost. Generally, the percentage
is inversely proportional to the project size assuming the same degree of
complexity. Thus, for the CERCLA site at Hanford we have assumed the
following factor for this cost element based upon site size:

Costs Required for
Size of Site Engr/CM as a % of R.A.

Small (<1,000 sq ft) 20%
Medium (1,000-10,000 sq ft) 15%
Large (>10,000 sq ft) 10%

The Feasibility Study required by CERCLA is assumed to range from
$100,000 for smaller, less complex sites to $2,000,000 for large, complex
sites.

The third factor that impacts the site remediation cost is the range of
cost of the remedial action itself.

The remedial action cost element range reflects the high and -low cost
estimates developed for the candidate alternatives for each site. At least
two alternatives were considered for each site as documented in the previous
section. The cost estimates for each of these or combinations of alterna-
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tives have been developed in this task. The cost estimates for each alter-
native generated for each site is presented in Section 2.7.2 whfle only the
high and low cost alternatives for each site are presented in this summary

matrix.

The last cost element, post remedial action monitoring, is oriented

toward groundwater monitoring for each site covering both radionuclides,

heavy metals, and other organic and inorganic pollutants of concern.

The cost associated with analyzing samples for the above contaminants

is $4000 per sample. [Based on estimates provided by Susan Watt of Rocky

Mountain Laboratory and Kelvin Wright of SAIC Rockville.] Assuming a 25%

increase for blanks, duplicates, etc.; four wells per site and semi-annual
sampling results in an annual site monitoring cost of $40,000 regardless of
the site size or remedial action taken. Costs associated with soil and

vegetation sampling were not included since this activity is currently

contracted to Pacific Northwest Laboratory.

2.7.2 Site Characterization Costs

As mentioned early in this report, the degree and associated cost of
site characterization depends upon the areal extent of the contamination and
the pathways impacted. Each stage of the site characterization involves

additional sampling and/or installation of monitoring devices. Since this

is an order of magnitude estimate, it was decided to develop a unit cost for
each activity of each stage and then summarize the costs by stage for each
site. The unit cost for each activity is as follows:
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Draft September 3, 1987

Activity

1. Installation Sampling and Analysis of

Clustered Monitoring Wells

2. Installation, and Analysis

of Lysimeters

3. Soil Borings - Sampled Every 5 Feet

(Inc. Analysis)

4. Soil gas Survey - 50' Grid

5. Areal Overflow Sediment Sampling and

Analysis (Per Sample)

The unit cost estimates are based on the
assumptions:

0
0
0
0

Cost

$427,700 to $2,456,500

per cluster

$9,900 to $25,400 (area

range)

$51,000 to $418,200

(area average)

$34.50 @ 50' Centre

$650 per sample

following additional

The majority of the labor force resides in the Hanford area
All work is done under Level C or D H&S conditions
The range of total footage per cluster = 142 ft to 977 ft
The range of depth of soil borings is 43 ft to 340 ft

Using these unit costs, working tables were developed that took the quanti-
ties and number of activities by stage by site identified and calculated the
associated costs. Costs for each stage for each site were then summarized
and are presented in Table 2-23.

2.7.3 Site Remedial Action Costs

The remedial action costs were developed using the unit costs developed
in Task 5 for each alternative in conjunction with the surface and waste
volume to be remediated at each site. For all the constructed sites (cribs,
trenches, ditches, etc.) except the reverse wells, it was necessary to
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TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY
SOURCE - AREA 100 B/C*

PATHWAY
*--------------------------------------------------------------------------

Surface
Geophysics/

Soil Gas

(1)
(2)

$25,000
$1,500

(1) $13,600
(2) $800

(1) $64,800
(2) $3,800

(1) $38,700
(2) $2,200

Groundwater

(3) $2,200,000
(4) $4,200
(5) $6,000
(8) $147,700

(3) $2,200,000
(4) $4,200
(5) $6,000
(8) $147,700

(3) $2,200,000
(4) $4,200
(5) $6,000
(8) $147,700

(3) $2,200,000
(4) $4,200
(5) $6,000
(8) $147,700

Vadose
Zone

(6) $12,600
(7) $1,182,400

(6) $12,600
(7) $945,900

(6) $12,600
(7) $945,900

(6) $25,200
(7) $2,364,700

Sources

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-12.

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

Sediments

(9) $62,400

(9) $62,400

(9) $62,400

(9) $62,400

116-B-1

116-B-4

116-C-1

116-C-2

Source
Total
Cost**

$3,681,800

$3,433,200

$3,487,400

$4,891,100



TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 100 KE/KW* (Continued)

------------------------------------------------------------------------------------
PathW

*------------------------------------------------------------------------
Surface

Geophysics/
Soil Gas

$17,300
$1,000

(1) $17,300
(2) $1,000

Groundwater

(3) $2,180,000
(4) $4,200
(5) $6,000
(8) $147,700

(3) $2,180,000
(4) $4,200
(5) $6,000
(8) $147,700

Vadose
Zone

(6) $11,400
(7) $878,100

(6) $11,400
(7) $702,500

Surface
Water/

Sediments

(9) $62,400

(9) $62,400

Source
Total
Cost**

$3,348,100

$3,172,500

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-12.

** Source Total Cost include Work Plan preparation ($8,000) and Remedial
Investigation Report preparation ($32,000) for each source.
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(1)
(2)

I

100-1
100-KW*2

II
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TABLE 2-23. SUMMARY OF STAGES 11,III, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 100 KE/KW* (Continued)

*------------------------------------------------------------------------------------*
Patthy

Surface
Geophysics/
Soil Gas

(1)
(2)

$98,800
$5,700

(1) $375,200
(2) $21,800

(1) $17,300
(2) $1,100

Graunxlvater

(3) $2,180,000
(4) $4,200
(5) $6,000
(8) $147,700

(3) $2,180,000
(4) $4,200
(5) $6,000
(8) $147,700

(3) $2,180,000
(4) $4,200
(5) $6,000
(8) $147,700

Vadose
Zone

(6) $11,400
(7) $702,500

(6) $11,400
(7) $702,500

(6) $11,400
(7) $878,100

Surface
Water/
Sediments

(9) $62,400

(9) $62,400

(9) $62,400

------ ------ --------- I-------------I -------- I -------

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-12.

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

116-K-1

116-K-2

116-KE-2

Soe
Total
Cost**

$3,258,700

$3,551,200

$3,348,200



TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 100 F* (Continued)

*----------------------------------------------------------------------------------------*
Pathway

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

Geophysics/ GroMunater Vadose Water/ Total
Soil Gas Zone Sediments Cost**

(1) $274,300 (3) $2,500,000 (6) $20,500 (9) $62,400
(2) $16,000 (4) $4,200 (7) $2,528,000

116-F-1 (5) $6,250 $5,599,350
(8) $147,700

(1) $47,000 (3) $2,500,000 (6) $10,250 (9) $62,400
(2) $2,700 (4) $4,200 (7) $821,600

116-F-2 (5) $6,250 $3,642,100
(8) $147,700

(1) $26,100 (3) $2,500,000 (6) $10,250 (9) $62,400
(2) $1,500 (4) $4,200 (7) $632,000

116-F-3 (5) $6,250 $3,430,400
(8) $147,700

I (1) $68,900 (3) $2,500,000 (6) $20,500 (9) $62,400
(2) $4,000 (4) $4,200 (7) $1,327,200

116-F-6 (5) $6,250 $4,181,150
116-F-10 (8) $147,700

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-12.

** Source Total Cost include Work Plan preparation ($8,000) and Remedial
Investigation Report preparation ($32,000) for each source.
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 100 F* (Continued)

Pathway

Surface
Geophysics/

Soil Gas

(1) $56,700
(2) $3,300

GrtxdWater

(3) $2,500,000
(4) $4,200
(5) $6,250
(8) $147,700

Vadose
Zone

(6) $10,250
(7) $1,137,600

Surface
Water/
Sedi(2ts

(9) $62,400

- Source
Total
Cost**

$3,968,400

------ I-------I - ------------ I ----------- I -------- I -------

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-12.

** Source Total Cost include Work Plan preparation ($8,000) and Remedial
Investigation Report preparation ($32,000) for each source.
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TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 100 H* (Continued)

Pathway
*------------------------------------------------------------------------

Surface
Geophysics/

Soil Gas

(1) $34,700
(2) $2,000

(1) $52,800
(2) $3,000

(1) $13,500
(2) $800

Grounkater

(3) $2,495,500
(4) $4,200
(5) $6,250
(8) $147,700

(3) $2,495,500
(4) $4,200
(5) $6,250
(8) $147,700

(3) $2,495,500
(4) $4,200
(5) $6,250
(8) $147,700

Vadose
Zone

(6) $9,850
(7) $510,700

(6) $9,850
(7) $510,700

(6) $9,850
(7) $408,600

Surface
Water/
Sediments

(9) $62,400

(9) $62,400

(9) $62,400

------ ---------- I ----------- I -------- I -------- I -------

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-12.

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

116-H-1

116-H-2

116-H-3

Sonce
Total
Cost**

$3,313,300

$3,332,400

$3,188,800



TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 100 D/DR* (Continued)

*----------------------------------------------------------------------------------------*
Pathway*--------------------------------------------------------------*

Sources Surface
Geophysics/

Soil Gas

(1) $41,000
(2) $2,400

(1) $28,900
(2) $1,700

(1) $25,100
(2) $1,500

(1) $25,100
(2) $1,200

Groundwater

(3) $2,530,000
(4) $4,200
(5) $6,250
(8) $147,700

(3) $2,530,000
(4) $4,200
(5) $6,250
(8) $147,700

(3) $2,530,000
(4) $4,200
(5) $6,250
(8) $147,700

(3) $2,530,000
(4) $4,200
(5) $6,250
(8) $147,700

Vadose
Zone

(6) $12,000
(7) $1,059,950

(6) $12,000
(7) $1,059,950

(6) $12,000
(7) $741,950

(6) $12,000
(7) $847,950

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-12.

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

Sediments

(9) $62,400

(9) $62,400

(9) $62,400

(9) $62,400

-Source
Total

Cost

$3,905,900116-DR-1

116-DR-2

116-DR-1B

116-DR-6

$3,893,100

$3,571,100

$3,676,800



TABLE 2-23. SUMMARY OF STAGES II,111, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 100 D/DR* (Continued)

*----------------------------------------------------------------------------------------*
Pathy

Surface
Geophysics/

Soil Gas

(1) $17,500
(2) $1,000

Groundwater

(3) $2,530,000
(4) $4,200
(5) $6,250
(8) $147,700

Vadose
Zone

(6) $12,000
(7) $847,950

Surface
Water/
Sediments

(9) $62,400

------ I---------I ----------- I ----------- I -------- I-------

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-12.

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

116-DR-7

Source
Total

Cost**

$3,669,000



TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 200 EAST* (Continued)

------------------------------------------------------------------------------------------------- *

Pathwy
*------------------------------------------------------------------------

Sources Surface Surface Source
Geophysics/ Grndwater Vadose Water/ Total

Soil Gas Zone Sediments Cost**

I (1) $63,800 (3) $6,136,000 (6) $25,400 (9) $93,600
(2) $3,700 (4) $4,200 (7) $4,182,200

216-B-43 (5) $16,300
216-B-44 (8) $138,100
216-B-45 $10,703,300
216-B-46
216-B-48
216-B-49
216-B-50

II (1) $18,900 (3) $2,360,000 (6) $25,400 (9) $93,600
(2) $1,100 (4) $1,400 (7) $3,345,800

216-B-7A&B (5) $6,300 $5,944,900
(8) $52,400

III (1) $200,300 (3) $2,360,000 (6) $25,400 (9) $93,600
(2) $11,600 (4) $1,400 (7) $3,345,800

216-B-2-2 (5) $6,300 $6,136,800
(8) $52,400

IV (1) $13,200 (3) $2,832,000 (6) $25,400 (9) $93,600
(2) $800 (4) $2,100 (7) $2,509,300

216-B-5 (5) $7,500 $5,581,600
(8) $57,700

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-13.

** Source Total Cost include Work Plan preparation ($8,000) and Remedial
Investigation Report preparation ($32,000) for each source.
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TABLE 2-23. SUMMARY OF STAGES II,111, AND V SITE CHARACTERIZATION COSTS
SOURCE AREA - 200 EAST* (Continued)

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

| Pathway

Sources Surface
Geophysics/

Soil Gas

(1) $32,100
(2) $1,900

(1) $39,200
(2) $2,200

(1) $30,400
(2) $1,800

(1) $49,900
(2) $2,900

Grundwater

(3) $3,304,000
(4) $2,100
(5) $8,800
(8) $71,700

(3) $2,360,000
(4) $1,400
(5) $6,300
(8) $52,400

(3) $2,360,000
(4) $1,400
(5) $6,300
(8) $52,400

(3) $2,360,000
(4) $1,400
(5) $6,300
(8) $52,400

Vadose
Zone

(6) $25,400
(7) $4,182,200

(6) $25,400
(7) $5,018,600

(6) $25,400
(7) $3,345,800

(6) $25,400
(7) $3,345,800

Source
Total
Cost**

$7,711,800

Surface
Water/
Sediments

(9) $43,600

(9) $43,600

(9) $43,600

(9) $43,600

V

216-B-10-A
216-B-6

VI

216-C-1
216-C-10

VII

216-B-16

VIII

216-A-40 $5,927,700

BY

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-13.

** Source Total Cost include Work Plan preparation ($8,000) and Remedial
Investigation Report preparation ($32,000) for each source.
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$7,589,100

$5,907,100



TABLE 2-23. SUMMARY OF STAGES 11,III, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 200 EAST* (Continued)

*----------------------------------------------------------------------------------------*

Pathwvay

Surface
Geophysics/

Soil Gas

(1)
(2)

$129,100
$7,500

(1) $51,500
(2) $3,000

(1) $18,200
(2) $1,100

(1) $15,600
(2) $900

Groundvater

(3) $2,360,000
(4) $1,400
(5) $6,300
(8) $52,400

(3) $2,360,000
(4) $1,400
(5) $6,300
(8) $52,400

(3) $2,360,000
(4) $1,400
(5) $6,300
(8) $52,400

(3) $2,360,000
(4) $1,400
(5) $6,300
(8) $52,400

Vadose
Zone

(6) $50,800
(7) $5,018,600

(6) $50,800
(7) $5,018,600

(6) $25,400
(7) $1,672,900

(6) $25,400
(7) $1,672,900

Sorces

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-13.

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

(9) $43,600

(9) $43,600

(9) $43,600

(9) $43,600

Ix

216-A-24

x
216-A-9

XI

216-A-7

XII

216-A-28

Source
Total
Cost**

$7,709,700

$7,627,600

$4,221,300

$4,218,500



TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 200 EAST*

Pathway

Surface
Geophysics/

Soil Gas

(1) $122,500
(2) $7,100

Sources

XIII

216-A-4
216-A-5
216-A-21
216-A-27
216-A-36A

XIV

216-A-6

$34,500
$2,000

Groundater

(3) $4,720,000
(4) $3,500
(5) $12,500
(8) $104,900

(3)
(4)
(5)
(8)

$2,360,000
$1,400
$6,300
$52,400

Vadose
Zone

(6) $50,800
(7) $13,383,000

(6) $25,400
(7) $3,345,800

Surface
Water/

Sediments

(9) $43,600

(9) $43,600

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

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

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

Collection/Analysis) (see Note 9)

*Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes I through 9 to this table. Number of units for each
square is specified in Table 2-13.

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

(1)
(2)

.Source
Total
Cost**

$18,487,900

$5,911,400
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TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 200 W* (Continued)

*--------------------------------------------------------------------------------------------*
Pathway

Surface
Geophysics/

Soil Gas

(1) $1,354,100
(2) $78,600

(1) $125,500
(2) $7,300

Sources

I

216-S-5
216-S-6
216-S-17
216-S-16P
216-S-16D

II

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

III

216-S-20

IV

216-S-4
216-S-21

$27,400
$1,600

(1) $38,300
(2) $2,200

Groundwater

(3) $3,396,000
(4) $6,300
(5) $7,700
(8) $173,000

(3) $4,528,000
(4) $8,400
(5) $10,200
(8) $230,600

(3) $4,528,000
(4) $8,400
(5) $10,200
(8) $230,600

(3) $2,830,000
(4) $4,200
(5) $6,400
(8) $157,300

Vadose
Zone

(6) $42,300
(7) $12,807,200

(6) $42,300
(7) $10,245,800

(6) $21,150
(7) $2,561,400

(6) $42,300
(7) $5,122,900

Surface
Water/

Sediments

(9) $43,600

(9) $43,600

(9) $43,600

(9) $43,600

------ I--------------- I-------------- I-------------- I----------I----------I
Source Characterization Activity Cost Code:

(1). Soil Gas (see Note 1)
(2). Surface Geophysics (see Note 2)
(3). Cluster Wells (Installation/Development/Split Spoon Analysis

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-13.

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

2-10un

(1)
(2)

Source
Total

Cost**

$17,948,800

$15,281,700

$7,472,350

$8,287,200



TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 200 W* (Continued)

--------------------------------------------------------------------------------------------*
Pathway

*-------------------------------------------------------------------------------
Surface

Geophysics/
Soil Gas

(1)
(2)

$360,400
$20,900

(1) $13,900
(2) $800

(1) $21,400
(2) $1,200

V

216-U-11

VI

216-U-3

VII

216-Z-1&2

VIII

216-U- 1&2

$25,200
$1,500

--urc - IC------------ 
Source Characterization

(3)
(4)
(5)
(8)

$2,830,000
$4,200
$6,400
$157,300

Activity Cost

Vadose
Zone

(6) $21,150
(7) $2,561,400

(6) $21,150
(7) $2,561,400

(6) $21,150
(7) $2,561,400

(6)
(7)

Code:

$21,150
$2,561,400

Surface
Water/

Sediments

(9) $43,600

Sources
Grounkater

(3) $2,830,000
(4) $4,200
(5) $6,400
(8) $157,300

(3) $2,830,000
(4) $4,200
(5) $6,400
(8) $157,300

(3) $2,830,000
(4) $4,200
(5) $6,400
(8) $157,300

(9) $43,600

Source
Total

Cost**

$6,045,350

$5,678,750

$5,686,650

$5,690,750

(1). Soil Gas (see Note 1)
(2). Surface Geophysics (see Note 2)
(3). Cluster Wells (Installation/Development/Split Spoon Analysis

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-13.

** Source Total Cost include Work Plan preparation ($8,000) and Remedial
Investigation Report preparation ($32,000) for each source.
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(9) $43,600

(1)
(2)

(9) $43,600



TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 200 W* (Continued)

------------------------------------------------------------------------------------------*
Pathwy

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

Geophysics/ Grauniater Vadose Water/ Total
Soil Gas Zone Sediments Cost**

IX (1) $40,600 (3) $2,830,000 (6) $21,150 (9) $43,600
(2) $2,400 (4) $4,200 (7) $3,842,200

216-U-4 (5) $6,400 $6,987,850
216-U-4A (8) $157,300
216-U-4B

X (1) $51,400 (3) $2,830,000 (6) $21,150 (9) $43,600
(2) $3,000 (4) $4,200 (7) $2,561,400

216-Z-7 (5) $6,400 $5,718,450
216-Z-10 (8) $157,300

XI (1) $61,900 (3) $2,830,000 (6) $21,150 (9) $43,600
(2) $3,600 (4) $4,200 (7) $2,561,400

216-T-19 (5) $6,400 $5,729,550
(8) $157,300

XII (1) $53,700 (3) $2,830,000 (6) $21,150 (9) $43,600
(2) $3,100 (4) $4,200 (7) $2,561,400

216-T-7 (5) $6,400 $5,720,850
(8) $157,300

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-13.

** Source Total Cost include Work Plan preparation ($8,000) and Remedial
Investigation Report preparation ($32,000) for each source.
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TABLE 2-23. SUMMARY OF STAGES II,III, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 200 W* (Continued)

------------------------------------------------------------------------------------------- *
Pathway

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

Geophysics/ Grundwater Vadose Water/ Total
Soil Gas Zone Sediments Cost**

XIII (1) $21,400 (3) $2,830,000 (6) $21,150 (9) $43,600
(2) $1,200 (4) $4,200 (7) $2,561,400

216-T-28 (5) $6,400 $5,686,650
(8) $157,300

XIV (1) $13,200 (3) $3,396,000 (6) $21,150 (9) $43,600
(2) $800 (4) $6,300 (7) $2,561,400

216-T-3 (5) $7,700 $6,263,150
(8) $173,000

------ -------- ------------- ----------------- ------------- ------------
XV (1) $34,300 (3) $3,396,000 (6) $21,150 (9) $43,600

(2) $2,000 (4) $6,300 (7) $3,842,200
216-T-2 (5) $7,700 $7,566,250
216-T-8 (8) $173,000

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

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

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

Collection/Analysis) (see Note 9)

* Source Characterization cost elements presented in this table were
derived as follows: source characterization activity unit costs were
multiplied by the number of units (well clusters, survey acreages, soil
borings, etc.) specified for each source. Unit costs derivations
appear in Notes 1 through 9 to this table. Number of units for each
square is specified in Table 2-13.

** Source Total Cost include Work Plan preparation ($8,000) and Remedial
Investigation Report preparation ($32,000) for each source.
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TABLE 2-23. SUMMARY OF STAGES 11,111, AND V SITE CHARACTERIZATION COSTS BY
SOURCE AREA - 300* (Continued)

*----------------------------------------------------------------------------------------*
Pathway

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

Geophysics/ Groundwater Vadose Water/ Total
Soil Gas Zone Sediments Cost**

(1) $159,100 (3) $1,008,000 (6) $9,900 (9) $62,400
(2) $9,200 (4) $2,800 (7) $683,800

316-1 (5) $7,900 $2,118,900
(8) $135,800

(1) $223,500 (3) $1,008,000 (6) $9,900 (9) $62,400
(2) $13,000 (4) $2,800 (7) $797,800

316-2 (5) $7,900 $2,301,100
(8) $135,800

(1) $63,100 (3) $756,000 (6) $9,900 (9) $62,400
(2) $3,700 (4) 2,100 (7) $683,800

316-3 (5) 5,900 $1,728,700
(8) $101,800

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

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

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

Collection/Analysis) (see Note 9)

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

** Source Total Cost include Work Plan preparation ($8,000) and Remedial
Investigation Report preparation ($32,000) for each source.
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NOTE 1

ESTIMATED SOIL GAS SURVEY COSTS -

o Assume 50 ft. centers; 17 samples per acre per day.

o Costs below are per acre, with on-site GC analysis.

Mobilization/Demobilization (pro-rated) $ 100

Field Work
10 hours/day @ $250/hr 2,500

Direct Expenses 1 day @ $75/day 75
vehicle, pipes, supplies

Per Diem

2 persons for 1 day @ $75/person/day 150

Report Preparation N/C

1 Supervisor for 1 day 625
o Labor
o Expenses
o Field Analysis

Total Soil Gas Surveys $ 3,450 per Acre
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NOTE 2

ESTIMATED SURFACE GEOPHYSICS SURVEY COSTS

o Assume 100 ft. centers; 35 acres per day at 10.0 hrs per day

Mobilization/Demobilization

Electromagnetics (all inclusive)

Magnetometer (all inclusive)

Total Surface Geophysics Surveys

Negligible

$ 100/acre

$ 100/acre

$ 200 per Acre
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ESTIMATED STAGE II AND III COSTS PER CLUSTER
FOR SHALLOW MONITORING WELL DRILLING/INSTALLATION/SPLIT SPOON SAMPLING AND ANALYSIS

Individual/

Total Well
Footage

108/206/304
= 618'

86/195/304
= 585'

97/226/354
= 677'

56/205/354
= 615'

64/209/354
= 627'

354'

272/325/380
977'

57/85
142'

Dril li ng/
Install.

w/Mat'ls
@ $100/ft.

100 B/C

100 KE/KW

100 D/DR

100 H

100 F

Drums @
$225/100 ft.

$ 1,391

1,320

1,525

1,385

1,411

$ 61,800

58,500

67,700

61,500

62,700

35,400

97,700

14,200

Drilling

Subtotal/

Cluster

$ 63,191

59,820

69,225

62,885

64,111

36,197

99,950

14,524

# Spoons
Per Deep
Well

61

61

71

71

71

71

76

17

Avg. S.S.
Collection/

Analysis
Costs*

$ 6,015

6,015

6,015

6,015

6,015

6,015

6,015

6,015

Tot.Cost/
Cluster**

$ 439,256
(439,000)

435,885
(436,000)

505,440
(506,000)

499,100
(499,000)

500,326
(500,000)

472,412
(472,000)

566, 240
(566,000)

125,929
(126,000)

* Assumes collection cost of $150/spoon; 1/2 clusters installed/sampled in Stage
1/2 installed in Stage III @ $3400/analysis + 15% for Duplicates/Replicates.

II @ $6800/analysis (full suite) +

** Includes drilling/installation costs, drilling "non-footage" cos
footage costs are constant for any well, as follows:

o Development - 5 hrs x 2 men x $50/hr
o Stick-ups, guard posts
o Clean-up
o Geologist and H&S person - 2 men x 24 hrs/well x $50/hr
o Surveying - $150/well

Per any well
Per cluster

ts, and total split

$ 300
200

2,400
150

$ 3,050
$ 9,150

spoon analytical cost. Non-

I

Area

797

2,250

324

200 E

200 W

300

_



NOTE 4

ESTIMATED STAGE II AND III AQUIFER COST

0 Assume costs to conduct and interpret data

o Assume only 1/3 or 1/2 of the clusters at a given site would be slug
tested. Wells are sufficiently close that data from that proportion
will be adequately representative for entire site.

4 hrs/test

Labor

2 staff @ 4 hrs/test = 8 hours x $50/hr =
Data Analysis 4 hrs/well x 50/hr
Miscellaneous expendables and all

equipment inclusive

$ 400 per well
200 per well

100 per well

$ 700 per well
or

$2,100 per cluster
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NOTE 5

ESTIMATED DOWNHOLE GEOPHYSICS COST FOR STAGE II AND IMI
GROUNDWATER MONITORING WELLS

Assumptions for equipment/operator time, labor, etc., as footnoted below;
footage costs are area-specific. This is a per cluster cost, although
downhole geophysics will only be run on deepest well of each cluster.

Total Cost x
Footage of $1/ft + Fixed

Area Deepest Well Cost of $900*

100 B/C 300 $ 1,200

100 KE/KW 300 $ 1,200

100 D/DR 350 $ 1,250

100 H 350 $ 1,250

100 F 350 $ 1,250

200 E 350 $ 1,250

200 W 380 $ 1,280

300 85 $ 985

* Downhole Geophysics; Shallow (Unconfined) Aquifer

Assume

$1/foot for suite of tools applied against depth
of deepest well in cluster in each area.

Equipment & Engineer - $450 per cluster

H & S person 4 hrs - $50/hr - $200 per cluster

Misc. charges per cluster - $250 per cluster

$ 450

200

250

$ 900 fixed cost
Prorated Mobilization
Per diem
Computer Logs
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Area Footage to
Groundwater

100 B/C 94

00 KE/KW 72

00 D/DR 83

00 H 42

00 F 50

I00 E 340

'00 W 
258

00 43

*Lysim
Costs
boreh

** Fixed

3 of ly

*** $900

NOTE 6

ESTIMATED LYSIMETER INSTALLATION COSTS *

Boring $

@ $49/ft.

$ 4,606

3,528

4,067

2,058

2,450

16,660

12,642

2,107

Drums

$225/100 feet

$ 215

162

187

95

113

765

581

97

Fixed**
Costs

$5,000

5,000

5,000

5,000

5,000

5,000

5,000

5,000

Lysimeter
Cost

$ 1,750

1,750

1,750

1,750

1,750

1,750

1,750

1,750

Borehole
Geophys.***

$ 994

972

983

942

950

1,240

1,158

943

Unit Cost
of a

Lysimeter
Cost each Area

$12,565
(12,600)

11,412
(11,400)

11,987
(12,000)

9,845
(9,850)

10,263
(10,250)

25,415
(25,400)

21,131
(21,150)

9,897
(9,900)

eter installation costs were derived by modifying the Estimated Soil Boring
to reflect the additional labor of lysimeter installation in the open

ole and the lysimeter material costs.

Costs - Additional Labor (over soil boring cost) for installation
simeters:

3 men x 10 hrs/day x 2 days x $50/hr = $3,000

per hole fixed rate and $1/ft per Borehole Geophysics costing sheet
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NOVW

ESTIMATED STAGE II AND III SOIL BORING COSTS

Area

100 B/C

100 KE/KW

100 D/DR

100 H

100 F

200 E

200 W

300

Footage to Boring $
Groundwater @ $49/ft.

94 $ 4,606

72 3,528

83 4,067

42 2,058

50 2,450

340 16,660

258 12,642

43 2,107

Drums
$225/100 ft.

$ 212

162

187

95

113

765

581

97

Fixed*
Costs

$2,000

2,000

2,000

2,000

2,000

2,000

2,000

2,000

Total Cost

per Boring

$ 6,818
(6,800)

5,690
(5,700)

6,254
(6,250)

4,153
(4,150)

4,563
(4,550)

19,425
(19,400)

15,223
(15,200)

4,204
(4,200)

No. Split
Spoons

19

14

17

8

10

68

52

9

Avg. S.S.
Analysis Cost

$ 5,865

5,865

5,865

5,865

5,865

5,865

5,865

5,865

* "Non-footage Costs" (Constant for any Boring - Assumed)

o Driller labor for decon, clean-up, etc.

3 hrs x $150/hr

o Drilling expendables (grout, H&S equipment, etc.) =

o Surveying

o Geologist and H&S Specialist
2 men x 12 hrs/day x $50/hr

Total =

$450/boring
$200/boring
$150/boring

$1,200/boring

$2,000/boring

Tot.Cost/Boring
w/S.S. Analysis

$ 118,235

84,810

105,955

51,070

63,200

418,220

320,180

56,985

I
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NOTE 8. STAGE II & III

TOTAL COSTS FOR GROUNDWATER SAMPLING LABOR AND ANALYSIS

source stage 2 stage 2 per stage 2 stage 2 | stage 3 stage 3 stage 3 stage 3 total

cluster* gw sample* cluster sampling analysis cost |gw clusters* gw samples* sampling labor analysis cost stage 2 + 3

labor labor*** (#samples X $7130) *** (#samples X $3570) costs

cost**

12 36 3750

3
3
3
3

9
9
9
9

3750
3750
3750
3750

21 63 3750

9
9
9
9
9
9
9

3750
3750
3750
3750
3750
3750
3750

100 8/C

116-B-1
116-B-4
116-C-1
116-C-2

100 KE/KW

I00-KW*1
100-KW*2
100-KE*1
100-KE*2

116-K-1

116-K-2

116-KE-2

100 D/DR

116-DR-1
116-DR-2

116-DR-lB
116-DR-6

116-DR-7

100 H

116-H-1
116-H-2

116-H-3

100 F

116-F-1
116-F-2

3
3
3
3
3

9
9
9
9
9

3750
3750
3750
3750
3750

9 27 3750

3
3
3

9
9

9

3750
3750
3750

18 54 3750

3

3

9
9

3750
3750

$45,000

$11,250

$11,250
$11,250
$11,250

$78,750

$11,250
$11,250
$11,250

$11,250
$11,250
$11,250

$11,250

$56,250

$11,250
$11,250

$11,250
$11,250
$11,250

$33,750

$11,250
$11,250
$11,250

$67,500

$11,250
$11,250

$256,680 I
$0

$64,170 |
$64,170 |

$64,170 I
$64,170 I

$0 
$449,190 I

$0
$64,170 |

$64,170 |
$64,170 |
$64,170 I
$64,170 I
$64,170 |
$64,170 I

$0
$320,850 |

$0

$64,170 I
$64,170 I
$64,170 |
$64,170 |
$64,170 |

$0
$192,510 I

$0
$64,170 |
$64,170 I
$64,170 |

$0

$385,020 I
$0

$64,170 |
$64,170 I

20 60 $75,000

5 15 $18,750
5 15 $18,750
5 15 $18,750
5 15 $18,750

$0

35 105 $131,250

$18,750
$18,750
$18,750
$18,750
$18,750

$18,750
$18,750

$93,750

$18,750
$18,750
$18,750

$18,750
$18,750

$56, 250

$18,750
$18,750

$18,750

90 $112,500

15

15

$18, 750
$18,750

$214,200 $590,880
$0

$53,550 $147,720
$53,550 $147,720
$53,550 $147,720
$53,550 $147,720

$0 $0
$374,850 $1,034,040

$0
$53,550 $147,720
$53,550 $147,720
$53,550 $147,720
$53,550 $147,720
$53,550 $147,720
$53,550 $147,720
$53,550 $147,720

$0
$267,750 $738,600

$0
$53,550 $147,720
$53,550 $147,720
$53,550 $147,720
$53,550 $147,720
$53,550 $147,720

$0
$160,650 , $443,160

$0
$53,550 $147,720
$53,550 $147,720
$53,550 $147,720

$0
$321,300 $886,320

$0
$53,550 $147,720
$53,550 $147,720

N3'

15 45 3750



NOTE 8. STAGE II & III
TOTAL COSTS FOR GROUNDWATER SAMPLING LABOR AND ANALYSIS (Continued)

source stage 2 stage 2 per stage 2 stage 2 stage 3 stage 3 stage 3 stage 3 total

cluster* gw sample* cluster sampling analysis cost gw clusters* gw samples* sampling labor analysis cost stage 2 + 3

labor labor*** (#samples X $7130) **(#samples X $3570) costs

cost**

3
3
3
3

9

9

9

9

3750
3750
3750
3750

51 51 1650

8 8 1650

3 3 1650

3 3 1650

3 3 1650

4 4 1650

3 3 1650

3 3 1650

116-F-3

116-F-6

116-F-9
116-F-10

200 EAST

Source I
216-8-43

216-B-44
216-B-45
216-B-46

216-B-48

216-B-49

216-B-50

$64,170 I
$64,170 |

$64,170 I
$64,170 I

$0

$363,630 I
$0

$57,040 I
$0 

$0
$0

$0

$0 |
$0 

$0

5
5
5
5

83

13

15

15

15

15

$18,750
$18,750
$18,750
$18,750

83 $136,950

13

$11,250
$11,250
$11,250

$11,250

$84,150

$13,200
$0

$0

$0

$0
$0

$0

$0

$4,950

$0
$0

$4,950

$0

$0
$4,950

$0
$0

$6,600
$0
$0
$0

$4,950

$0

$0
$0

$4,950

$0

$21,450
$0
$0
$0
$0
$0
$0
$0

$8,250

$0
$0

$8,250
$0
$0

$9,900
$0
$0

$11,550
$0

$0
$0

$8,250
$0
$0
$0

$8,250
$0

$21,390

$0
$0

$21,390

$0
$0

$21,390

$0

$0
$28,520

$0

$0
$0

$21,390
$0
$0
$0

$21,390
$0

I.-.

Source II
216-B-7a&7b

Source III

216-B-2-2

Source IV
216-B-5

Source V
216-B-10-A
216-8-6

Source VI

216-C-1
216-C-10

Source VII
216-B-16

$53,550
$53,550
$53, 550
$53,550

$296,310

$46,410
$0
$0
$0

$0
$0
$0
$0

$17,850
$0

$0

$17,850
$0

$0

$21,420
$0

$0
$24,990

$0
$0
$0

$17,850
$0
$0
$0

$17,850
$0

$147,720
$147,720
$147,720

$147,720
$0

$881,040
$0

$138,100
$0
$0
$0
$0

$0
$0
$0

$52,440

$0
$0

$52,440

$0
$0

$57,660
$0
$0

$71,660
$0
$0
$0

$52,440

$0
$0
$0

$52,440
$0

I



NOTE 8. STAGE II & III
TOTAL COSTS FOR GROUNDWATER SAMPLING LABOR AND ANALYSIS (Continued)

source stage 2 stage 2 per stage 2 stage 2 | stage 3 stage 3 stage 3 stage 3 total

cluster* gw sample* cluster sampling analysis cost |gw clusters* gw samples* sampling labor analysis cost stage 2 + 3
labor labor*** (samples X $7130) I *** (#samples X $3570) costs

cost**

3 3 1650

3 3 1650

3 3 1650

3 3 1650

3 3 1650

6 6 1650

3 3 1650

Source VIII

216-A-40

Source IX

216-A-24

Source X

216-A-9

Source XI
216-A-7

Source XII

216-A-28

Source XIII

216-A-4

216-A-5

216-A-21

216-A-27

216-A-36A

Source XIV

216-A-6

200 WEST

Source I

216-S-5

216-S-6

216-S-17

216-S-16P
216-S-16D

4950

3 9 4950

$4,950
$0

$0
$4,950

$0

$0
$4,950

$0
$0

$4,950
$0

$0
$4,950

$0

$0

$9,900
$0

$0

$0

$0

$0

$0

$4,950
$0

$0

$237,600

$0
$14,850

$0

$0

$0

$0
$0

$21,390
$0

$0

$21,390
$0

$0

$21,390
$0
$0

$21,390
$0

$0

$21,390
$0

$0

$42,780
$0

$0

$0

$0

$0

$0

$21,390
$0

$0

$1,005,330
$0

$64,170
$0

$0
$0

$0
$0

5

5

5

5

5

10

$8,250
$0
$0

$8,250
$0

$0

$8,250
$0

$0
$8,250

$0

$0

$8,250
$0

$0

$16,500
$0

$0

$0

$0

$0

$0

5 5 $8,250

$0

$0

84 252 $415,800

$0

6 18 $29,700
$0

$0

$0
$0

$0

N)

48 141

$17,850
$0

$0

$17,850
$0
$0

$17,850
$0

$0
$17,850

$0

$0

$17,850
$0

$0

$35,700
$0

$0

$0

$0

$0

$0
$17,850

$0

$0

$899,640

$0
$64,260

$0
$0
$0

$0
$0

$52,440
$0

$0

$52,440
$0

$0

$52,440

$0

$0
$52,440

$0
$0

$52,440

$0

$0

$104,880
$0
$0

$0

$0

$0

$0

$52,440

$0

$0

42,558,370
$0

$172,980
$0
$0

$0
$0
$0



NOTE 8. STAGE II & III
TOTAL COSTS FOR GROUNDWATER SAMPLING LABOR AND ANALYSIS (Continued)

source stage 2 stage 2 per stage 2 stage 2 I stage 3 stage 3 stage 3 stage 3 total

cluster* gw sample* cluster sampling analysis cost 1gw clusters* gw samples* sampling labor analysis cost stage 2 + 3
labor labor*** (#samples X $7130) I (#samples X $3570) costs

cost**

Source II
216-S-1&2
216-S-7

216-S-3
216-S-9

Source III

216-S-20

Source IV
216-S-4

216-S-21

Source V

216-U-11

Source VI

216-U-3

Source VII

216-Z-1&2

Source VIII

216-U-1&2

Source IX

216-U-4

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

Source X

216-Z-7

216-Z-10

4 12 4950

4 12 4950

3 9 4950

3 9 4950

3 9 4950

3 9 4950

3 9 4950

3 9 4950

3 9 4950

$19,800
$0

$0

$0

$0

$0

$19,800
$0
$0

$14,850
$0

$0

$0
$14,850

$0

$0
$14,850

$0

$0
$14,850

$0

$0

$14,850

$0

$0

$14,850
$0

$0
$0
$0

$14,850

$0

$0

$85,560 I
so |
$0 |
$0 
$0 |
$0

$85,560 I
$0 |
$0 

$64,170 |

$0 |
$0 |
$0 |

$64,170 I
$0 

$0 

$64,170 I
$0 

$0 |
$64,170 I

$0 

$0 

$64,170 |
$0 

$0 |
$64,170 I

$0 

$0 
$0 
$0 

$64,170 I
$0 
$0 |

24

24

15

15

15

15

15

15

15

$39,600
$0

$0

$0
$0

$0

$39,600
$0

$0
$24,750

$0

$0

$0

$24,750
$0

$0

$24,750
$0

$0

$24,750
$0

$0

$24,750
$0

$0

$24,750
$0

$0
$0
$0

$24,750
$0
$0

$85, 680
$0

$0

$0

$0
$0

$85,680
$0

$0
$53,550

$0

$0

$0

$53,550
$0

$0

$53,550

$0

$0

$53,550
$0

$0

$53,550
$0

$0

$53,550
$0

$0

$0
$0

$53,550
$0
$0

NJ

w.

$230, 640

$0

$0

$0

$0
$0

$230,640

$0

$0
$157.320

$0

$0

$0
$157,320

$0

$0

$157,320

$0

$0

$157,320
$0

$0

$157,320
$0

$0

$157,320
$0

$0

$0
$0

$157,320
$0
$01

I



NOTE 8. STAGE II & III

TOTAL COSTS FOR GROUNDWATER SAMPLING LABOR AND ANALYSIS (Continued)

source stage 2 stage 2 per stage 2 stage 2 stage 3 stage 3 stage 3 stage 3 total

cluster* gw sample* cluster sampling analysis cost gw clusters* gw samples* sampling labor analysis cost stage 2 + 3
labor labor*** (#samples X $7130) **(#samples X $3570) costs

cost**

Source XI

216-T-19

Source XII

216-T-7

Source XIII

216-T-28

Source XIV

216-T-3

Source XV

216-T-2

216-T-8

300 AREA

316-1

316-2

316-3

3 9 4950

3 9 4950

3 9 4950

3 9 4950

3 9 4950

11 22

4 8 1800

4 8 1800

3 6 1800

$14,850
$0

$0

$14,850
$0

$0
$14,850

$0
$0

$14,850
$0

$0

$14,850
$0

$0
$0

$0

$0

$7,200
$0

$7,200
$0

$5,400

$64,170
$0
$0

$64,170
$0

$0
$64,170

$0
$0

$64,170

$0

$0

$64,170
$0

$0

$0
$156,860

$0

$57,040
$0

$57,040
$0

$42,780

$24,750

$0

$0

$24,750

$0

$0

$24,750
$0
$0

$29,700
$0

$0

$29,700
$0

$0

$0

$0

$0

$14,400
$0

$14,400
$0

$10,800

$53,550
$0

$0
$53,550

$0

$0

$53,550
$0

$0
$64,260

$0

$0

$64,260
$0

$0

$0

$157,080
$0

$57,120
$0

$57,120

$0

$42,840

$157,320
$0

$0

$157,320
$0

$0

$157,320
$0

$0
$172,980

$0

$0

$172,980
$0

$0

$0

$313,940
$0

$135,760
$0

$135,760
$0

$101,820

* Numbers of clusters/groundwater samples per source per stage were derived from Table 3-2.
** See Note 8A.

* Number of clusters sampled X per cluster sampling cost.
* See Note 8C.
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NOTE 8A

ESTIMATED COSTS FOR STAGE V

WELL CLUSTER SAMPLING

Area

100 B/C

100 KE/KW

100 D/DR

100 H

100 F

200 E

200 W

300

Depth/Cost*

108/$900

86/$900

97/$900

56/$900

64/$900

354/$1650

272/$1650

57/$900

Depth/Cost*

206/$1200

195/$1200

226/$1200

205/$1200

209/$1200

325/$1650

85/$900

Depth/Cost*

304/$1650

304/$1650

354/$1650

354/$1650

354/$1650

380/$1650

Per Cluster

Total**

$ 3,750

3,750

3,750

3,750

3,750

1,650

4,950

1,800

Per well labor/materials cost breakdown, as detailed in Note 8B.

This represents the cost to sample any one cluster of wells in the area in
question.
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NOTE 8B

ESTIMATED COSTS FOR STAGE II & III -

WELL CLUSTER SAMPLING (Continued)

1. Average 80' Well

o Install pump/purge/withdraw pump $ 450
3 hrs x 3 men x $50/hr

o Decon and Sample

1 hr x 3 men x $50/hr 150

o Dedicated bailer $200 200

o Equipment rental/expendables 100

Total $ 900

2. Average 150-175' Well

o 5 hrs x 3 men x $50/hr $ 705

o 1 hr x 3 men x $50/hr 150

o $200 200

o Equipment rental/expendables 100

Total $1,200

3. Average 300-330' Well

o 7 hrs x 3 men x $50/hr $ 1,050

o 2 hrs x 3 men x $50/hr 300

o $200 200

o Equipment rental/expendables 100

Total $ 1,650
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NOTE 8C

ESTIMATED LABORATORY ANALYTICAL COSTS FOR SOILS AND WATER

Assume Laboratory Analysis Per Sample; Entire Appendix, 9 suite, Radionuclides,
4 pesticides*

Compound

Organics

VOX
Semi VOC

Chlorine
Dioxius

Cost in Soil Cost in Water

580
1,020

1,000

500
950

850

Ferunds

Inorganics

Pesticides

Organo chlorine
PCB
Pesticide

Orthophosphate Pesticides

Radionuclides
(complete suite on
the Hanford Reservation)

Subtotal

590

360

360

2,855

$ (6,800)

6,765

Total Analytical Cost per $ 7,820
Sample for Stage II Analysis**

Total Analytical Cost per
Sample for Stage III

Analysis***

$ 3,910

* Note: Herbicides are not included in the Totals for soil
275 each species and water cost 200 each species.

and water:

Assumes 15% increase for duplicates and replicates

It is assumed that by Stage III, the suite of analytes required can be'
reduced based upon evaluation of Stage II findings. A cost reduction of
50% is assumed.
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440

300

300

2,855

$ 6,200

**

$ 7,130

$ 3,570

Soil cost



NOTE 9

ESTIMATED "EPHEMERAL OVERFLOWS" SURFACE WATER/SEDIMENT SAMPLES COLLECTION COSTS

Per Sample Pt. (1 Surface Water + 1 Sediment), Excluding Analysis

o 2 Men x 6 hrs x $50/hr $ 600

o Expendables 50

Sample Collection Cost Per Point $ 650

o Analytical Cost (per estimated laboratory
Analytical costs for Soils and Water Sheet) $14,950

$15,600
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TABLE 2-23. SUMMARY OF UNCONFINED AQUIFER CHARACTERIZATION COSTS *

Pathway

Area
Groundwater

100 B/C $959,100

S100K KE/KW $959,100

100 D/DR $959,100

100 H $959,100
100 F $959,100

200 E-$9- -,-- -
200 W $959,100
200 W $959,100

300 $959,100

Total $7,672,800

*Costs include estimated well installation, development, borehole
geophysics, sampling and laboratory analysis. (see Notes A, B,
C and D)

U



NOTE B

ESTIMATED BASALT GROUNDWATER MONITORING WELL
SAMPLING COSTS

Assume Average Well Depth = 700 feet

o Install pump/purge/withdraw pump
8 hours x 3 men x $50/hour

o Decon and sample

4 hours x 3 men x $50/hour

o Dedicated bailer

o Equipment rental/expendables

Total

$1200

600

200

500

$2 500/well
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NOTE C

ESTIMATED DOWNHOLE GEOPHYSICS COSTS FOR STAGE IV
GROUNDWATER MONITORING WELLS

o $1/foot - Average well depth = 700 ft.
Assume 8 hours per hole drop
$700 per suite per well

o Engineers and Equipment

o H & S - 8 hr - $50/hr

o Miscellaneous

ESTIMATED STAGE IV AQUIFER TEST COSTS

o Assume costs to conduct and interpret data

o 48 pump tests

o Assume that no discharged well water will be
contained

Labor

2 staff @ 55 hrs/test = 8 hrs X $50/hr
Data Analysis 4 hrs/well X $50/hr
Miscellaneous expendables and all

equipment inclusive

$ 700

900

400

300

$ 2,300 per well

= $ 5,500 per well
200 per well

= 2,000 per well

$ 5,700 per well
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NOTE D

ESTIMATED BASALT GROUNDWATER AND CORE ANALYTICAL LABORATORY COSTS

Assume 4 water samples from the basalts

o 4 water samples @ $7,130

Assume a sample every 5 ft. from a 400 ft
length of coring

o 80 samples per well @ $7,820

Total Cost per Well

$28,520

$625,600

$654,120
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Draft September 3, 1987

develop assumptions on the lateral and vertical migration of the wastes in
order to determine which of the selected remedial alternatives, or
combination of alternatives would be applied: The remedial alternatives and
their associated unit costs are:

Alternative Unit Cost

Cap/Cover Systems $45/Sq Yd of Surface Area
Grouting In-Situ $60/Cu Yd of Contaminated Soil
In-Situ Vitrification $389/Cu Yd of Contaminated Soil
Soil Flushing $35/Cu Yd of Contaminated Soil
Groundwater treatment $47/Cu Yd of Soil Treated
Excavation $365/Cu Yd excavated(1)

(1)$689/Cu Yd if thermal treatment is required prior to disposal.

The Waste Management Operations Report, Vol. 2, was reviewed and
site 216-S-1&2 was selected to develop a representative scenario. Because a
description of the extent of contaminant spread was not available for the
other 80 sites, the information available for site 216-S-1&S was generalized
in an attempt to describe the remaining sites. The application of the
available site 216-S-1&2 information was applied to the remaining sites
using the following assumptions:

o Lateral migration appeared to be mainly caused by the occurrence of
clay lenses or caliche at depths of 30 to 50 feet under many of the
sites

o The sites were not lined and the seepage of liquids from the site
into and through the soil column was expected to be similar

o Except for ponds and reverse wells, it was assumed that disposal
conditions (hydraulic head, geologic substrat, rate of seepage ... )
at each unit type were roughly the same
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o Because records did not indicate that a perched water table was

created beneath a disposal pond or that sites near disposal ponds

were inundated by subsurface lateral flow from ponds, it was

assumed that the seepage from ponds was able to penetrate, dissolve

and pass through discontinuities in the caliche or clay semi-

permeable layers. Some lateral spread was expected, but, because
additional information was unavailable, the same spread dimension
described at site 216-S-1&2 was used. (Because the pond dimension

are so large, the addition of this spread dimension is

relatively insensitive for an order-of-magnitude analysis).

o Reverse wells and dry wells are assumed to penetrate through the
caliche layer but may lie within or above clay lenses that promote
lateral spread. A clay lens is not expected to reduce vertical
migration as much as a continuous caliche layer will. For this
reason, and because of the large hydraulic pressures expected from
these diagonal types, the lateral extent of contamination was again
expected to be similar to site 216-S-1&2.

The lateral migration of radionuclides at site 216-S-1&2 is about 115
feet on each side (the concentration of radionuclides decreased to < 10-4
uCi/gm outside that point) and it appears to be about average. Using the
115 feet as the average extent of lateral migration, we then calculated an
approximate area for cap/cover or volume for excavation as follows:

A = (L + 230 + D)(W + 230 + D) and (1)
V = A x D where

L = Length

W = Width
D = Depth of excavation

and site slopes are assumed to be 1:1. The maximum depth of excavation was
limited to 60 feet to negate the need for shoring.

For the in-situ treatment processes (grout-in-place, in-situ
vitrification and solution mining) the volume of soil treated is given by:
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Vol = (L + 230)(W + 230)Z (2)

Where Z = the thickness of the soil column to be treated

This volume was adjusted by the soil void fraction for the solution
mining alternative, which was taken as 0.20. For solution mining it was
further assumed that ten volume charges would be required to completely
flush the soil.

Other assumptions used include:

Cap/Cover:

Grout-in-Place:

In-Situ

Vitrification:

Excavation/

Disposal:

An additional 20 feet on each side beyond the
contaminated zone.

The maximum depth was 160 feet or to the ground
water elevation which ever was less. This limit of
160 feet is based on the available data from the
S1&2 site which shows a maxir.um depth of
concentrated contaminants of 150 feet. The
recommended depth for grouting is 10 feet below
this contaminated zone.

The vitrification zone extended from 10 feet above
the waste, (i.e., bottom of crib, pond, etc.) to a
maximum depth of 50 feet.

Available information regarding the chemicals
disposed of in each site was reviewed and only
those sites containing chemical wastes which can be
thermally destroyed were assumed to be treated in
such a manner, otherwise direct disposal following
packaging was assumed.
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Soil Flushing: Soil flushing was assumed to be used only to a
depth of 250 feet or to the depth of the ground
water, whichever was less.

Groundwater

Recovery and

Treatment: Costs associated with recovery and treatment of
contaminated groundwater were estimated from the
soil flushing scenario. Treatment costs were
added.

The "No Action" cost is given whenever the original contaminants may have
already been flushed through the soil. For these sites a cost associated
with fencing the site was identified including a 200 foot buffer around the
estimated laterally contaminated area, and monitoring the site. Monitoring
costs are annual costs incurred during each of the assumed 100 years of
institutional control.

For some of the sites where more than one technology was identified as
being applicable, we have developed cost that reflect this combination of
technologies. An example would be a site where excavation to 60 feet was
identified along with solution mining to 250 feet. Since solution mining
may not be highly efficient, especially for the non-soluble contaminants,
and excavation would not reach the contaminants below 60 feet, we have
calculated the combined cost of excavating to 60 feet followed by solution
mining the from 60 feet to 250 feet below grade.

Using these assumptions a table was developed identifying all of the
costs associated wtih each of the technologies previously identified as
appropriate for each site. Table 2-24 shows these costs and identifies the
range of costs.
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Hanford Inactive Waste Site Study. Table 2-24

81 Priority Sites Recommended for Phase II Characterization.

CAPPING TECHNIQUE

----------------------------------------------------------- --- ----------------------------------------------------
-------- Unit Type (feet)--- I Surface FS ENG RA Mon Total

Site No. (1) Unit Type (12) Depth Length Width Diameter Area (sq yd) ($) (S) (M) ($) Cost ($)

------------------------------------------------------------------------- ------------------------------------------------------
1 116-8-1 Trench 20 100 10 | 11,511 200,000 77,700 518,000 1,800,000 2,595,700

2 116-B-4 French Drain 20 4 0 0 0 0 0 0

3 I 116-C-1 Trench 25 500 50 0 0 0 0 0 0
4 116-C-2 Crib 20 140 100 | 16,856 300,000 75,850 758,500 1,800,000 2,934,350

5 I 116-D-1B Trench 15 100 10 11,511 200,000 77,700 518,000 1,800,000 2,595,700
6 | 116-DR-1 Trench 20 300 15 | 0 0 0 0 0 0
7 | 116-DR-2 Trench 20 150 10 0 0 0 0 0 0
8 116-DR-6 Trench 10 50 10 I 9,956 100,000 89,600 448,000 1,800,000 2,437,600

9 116-DR-7 Crib 10 5 5 I 8,403 100,000 75,625 378,125 1,800,000 2,353,750
10 116-F-1 Trench 10 3000 40 112,633 300,000 506,850 5,068,500 1,800,000 7,675,350

11 116-F-2 Trench 15 300 50 0 0 0 0 0 0
12 116-F-3 Trench 8 100 20 | 11,922 200,000 80,475 536,500 1,800,000 2,616,975
13 116-F-6 Trench 10 300 100 0 0 0 0 0 0

14 116-F-9 Trench 10 500 15 j 0 0 0 0 0 0
15 | 116-F-10 French Drain 10 3 I 6,504 100,000 58,535 292,675 1,800,000 2,251,210
16 j 116-H-1 Trench 15 200 25 | 0 0 0 0 0 0
17 116-H-2 Trench 6 275 100 I 22,406 300,000 100,825 1,008,250 1,800,000 3,209,075

18 I 116-H-3 French Drain 15 3 6,504 100,000 58,535 292,675 1,800,000 2,251,210
19 I 100 KE*1 Dry Well (11&12) 4 4 4 I 8,342 100,000 75,076 375,380 1,800,000 2,350,456
20 I 100 KE*2 French Drain (12) 3 0 0 3 j 6,504 100,000 58,535 292,675 1,800,000 2,251,210
21 | 100 KW*1 Dry Well (11&12) 4 4 4 j 8,342 100,000 75,076 375,380 1,800,000 2,350,456
22 | 100 KW*2 French Drain (12) 3 3 I 6,504 100,000 58,535 292,675 1,800,000 2,251,210
23 116-K-1 Crib 30 400j 0 0 0 0 0 0
24 116-K-2 Trench 20 4000 50 0 0 0 0 0 0
25 | 116-KE-2 Crib 32 16 16 | 9,088 100,000 81,796 408,980 1,800,000 2,390,776
26 j 216-B-43 Crib 15

27 216-8-44 Crib (12) 15

28 | 216-B-45 Crib (12) 15

29 216-B-46 Crib (12) 15 150 300 0 0 0 0 0 0
30 216-B-48 Crib (12) 15

31 216-B-49 Crib (12) 15
32 216-B-50 Crib (12) 15

33 216-8-2-2 Ditch 8 2350 15 0 0 0 0 0 0
34 216-B-5 Reverse Well 302 0.67 0 0 0 0 0 0
35 216-8-6 Reverse Well 75 0.5 6,385 100,000 57,468 287,339 1,800,000 2,244,807
36 216-B-7 A&B Crib 14 14 14 0 0 0 0 0 0
37 216-B-1OA Crib 20 14 14 I 8,962 100,000 80,656 403,280 1,800,000 2,383,936
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I Hanford Inactive Waste Site Study. Table 2-24

81 Priority Sites Recommended for Phase II Characterization.
GROUT-IN-PLACE TECHNIQUE

-------------------------------------------------------------------------------------
I --- Unit Type (feet) --- II Surface Grouting FS ENG RA

Site No. (1)

------------
116-8-1

116-B-4

116-C-1
116-C-2

116-D-18

116-DR-1

116-DR-2

116-DR-6

116-DR-7

116-F-1

116-F-2

116-F-3

116-F-6
116-F-9

116-F-10
116-H-1
116-H-2

116-H-3

100 KE*1

100 KE*2

100 KW*1

100 KW*2

116-K-1

116-K-2

116-KE-2
216-8-43

216-B-44

216-B-45

216-8-46

216-B-48

216-B-49
216-B-50

216-B-2-2

216-B-5
216-B-6

216-8-7 A&B

216-B-10A

Unit Type (12) Depth Length Width Diameter Area (sq yd) Depth (yd) ($) ($) (S)

-----------------------------------------I ----------------------------------------------
Trench

French Drain

Trench
Crib
Trench

Trench
Trench
Trench

Crib

Trench

Trench

Trench

Trench
Trench

French Drain

Trench

Trench

French Drain

Dry Well (11&12)

French Drain (12)

Dry Well (11&12)

French Drain (12)

Crib

Trench

Crib

Crib

Crib (12)

Crib (12)

Crib (12)

Crib (12)

Crib (12)

Crib (12)

Ditch

Reverse Welt

Reverse Welt

Crib

Crib

20

20

25

20

15

20
20
10

10

10

15
8
10

10

10
15

6

15

4

3

4

3

30

20

32

15

15

15

15

15

15

15

8

302
75

14

20

100 10

500
140
100
300
150
50

5

3000
300
100
300
500

200
275

4

0

4

4000
16

50
100
10
15

10
10
5
40
50
20

100
15

25
100

4

0
4

50
16

150 300

2350

14
14

15

14
14

4 |

3j

400

0.67
0.5

8,800
4,778

22,711
13,567
8,800

14,428

10,133
7,467

6,136
96,900
16,489
9,167

19,433
19,872
4,738

12,183
18,517
4,738
6,084
4,738

6,084
4,738

34,636
131,600

6,724

22,378

70,233
4,643
4,636
6,615
6,615

0

24

14

0

0

19

19

0

0

4

0

0

12

17

0

14

0

0

0
0

0

0

0

11

23

0

100,000

300,000
0

0

200,000

200,000
0

0

300,000
0

0

300,000
200,000

0

200,000
0

0

0

0

0

0

0

300,000
100,000

0

1,357,055
1,700,000

0
0

1,800,000
1,702,400

0
0

1,700,000
0
0

1,399,200
1,800,000

0
1,535,100

0

0
0
0
0
0
0

1,700,000
1,828,928

0

6,785,275

18,623,111
0

0

16,159,111
11,349,333

0

0

25,194,000
0

0

13,992,000
19,872,222

0

10,234,000
0
0

0
0

0

0
0

89,488,000

9,144,640

53 300,000 1,700,000 71,608,889

53

53

0

53

53

300,000
100,000

0

100,000
100,000

1,700,000
1,900,000

0
1,900,000
1,900,000

224,746,667
14,858,658

0

21,168,356

21,168,356

Mon Total

($) Cost ($) M

0 0 |

1,800,000 10,042,330 I
1,800,000 22,423,111 I

0 01
0 0

1,800,000 19,959,111 I
1,800,000 15,051,733 I

0 0|
0 0|

1,800,000 28,994,000
0 01
0 01

1,800,000 17,491,200 I
1,800,000 23,672,222

0 01
1,800,000 13,769,100 I

0 0
0 0|
0 0|
0 01
0 01
0 01
0 01

1,800,000 93,288,000
1,800,000 12,873,568 |

1,800,000 75,408,889

1,800,000 228,546,667
1,800,000 18,658,658

0 01
1,800,000 24,968,356
1,800,000 24,968,356
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Hanford Inactive Waste Site Study. Table 2-24

81 Priority Sites Recommended for Phase II Characterization.
VITRIFICATION TECHNIQUE

-----------------------------------------------------------------------------------------------
I --- Unit Type (feet) --- I I Vitrif. FS ENG RA Mon Total I

Site No. (1) Un

----------------
116-B-1

116-8-4 F

116-C-1

116-C-2

116-D-1B

116-DR-1

116-DR-2

116-DR-6

116-DR-7

116-F-1

116-F-2

116-F-3

116-F-6

116-F-9

116-F-10 F

116-H-1

116-H-2

116-H-3 F

100 KE*1 Dry
100 KE*2 Fren

100 KW*1 Dry
100 KW*2 Fren

116-K-1

116-K-2

116-KE-2

216-B-43

216-B-44

216-8-45
216-B-46

216-B-48

216-B-49
216-B-50
216-6-2-2
216-B-5 R
216-8-6 R
216-B-7 A&B
216-B-10A

it Type (12)

Trench

rench Drain

Trench
Crib

Trench

Trench
Trench

Trench

Crib
Trench

Trench
Trench
Trench
Trench

rench Drain
Trench

Trench

rench Drain
Welt (11&12)

ch Drain (12)

Well (11&12)

ch Drain (12)

Crib

Trench
Crib

Crib

Crib (12)

Crib (12)
Crib (12)

Crib (12)

Crib (12)

Crib (12)

Ditch

everse Well

everse Well

Crib

Crib

Depth Length Width Diameter jDepth (yd) (S) (S) (S) ($)

------------------ I ------------------------------------------------
20

20

25
20

15

20
20
10

10

10

15
8

10
10
10
15
6

15

4

3

4
3

30
20
32

15

15

15
15
15

15

15

8
302
75

14

20

100 10

4 |

500 50
140 100
100 10
300 15
150 10

50 10
5 5

3000 40
300 50
100 20
300 100
500 15

3j
200 25
275 100

3 |
4 4

0 0 3

4 4

3 |
400 I

4000 50
16 16

150 300

2350 15
0.67 |

0.5
14 14
14 14

0

100,000

300,000
0

0

0

0

0

0
0

300,000
0

300,000
0

0

200,000
0
0
0
0
0
0

300,000
0

100,000

0

1,900,000

1,700,000
0

0

0

0

0

0

0

1,700,000
0

1,700,000
0
0

1,800,000
0

0

0

0

0

0

1,700,000

0

1,900,000

0

24,783,773

76,566,726

0

0

0

0
0

0

0

64,141,778
0

90,714,800
0

0

58,451,572
0

0

0

0

0

0

134,734,270

0
24,412,603

0

1,800,000
1,800,000

0

0

0

0

0

0

0

1,800,000
0

1,800,000
0

0

1,800,000
0

0

0

0

0

0

1,800,000
0

1,800,000

Cost ($)

- - I
0

28,583,773

80,366,726

0

0

0

0

0

0

0

67,941,778

0

94,514,800

0

0

62,251,572
0

0

0

0

0

0

138,534,270
0

28,212,603

15 300,000 1,700,000 130,574,333 1,800,000 134,374,333

0

0

0

0

13

0

0

0

0

100,000

0

0

0

0

1,900,000

0

0

0

0

34,310,376

0

0

0

0

1,800,000

0

0

0

0

38,110,376
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Hanford Inact Table 2-24

81 Prior

EXCAVATION and DISPOSAL TECHNIQUES

--------------------------------------- Excavation & Disposal ------- Total Cost -------------

I Excavation FS ENG RA (E/D only) FS

Site No. (1) IVotume (cu yd) (S) (S) ($) ($) ($)

Excavation &

ENG

(S)

Incineration

RA

(S)

Total Cost ----------

(E/D + INCIN) Mon

($) ($)

------------------------------------------------------------------------------------------- I6-------
116-8-i
116-B-4

116-C-1
116-C-2
116-D-1B

116-DR-1
116-DR-2

116-DR-6
116-DR-7
116-F-1
116-F-2
116-F-3
116-F-6
116-F-9

116-F-10
116-H-1
116-H-2

116- H-3
100 KE*1
100 KE*2

100 KW*1

100 KW*2

116-K-1
116-K-2

116-KE-2
216-8-43

216-8-44
216-B-45

216-B-46

216-B-48
216-B-49
216-B-50
216-B-2-2
216-6-5

216-B-6
216-B-7 A
216-B-10A

S 3

0
161,296

392,554
243,572
275,556

0
0

241,111

206,722
0
0
0

533,333
0

160,237
0
0

160,237
205,369
160,237
205,369
160,237

0
344,444
221,902

1,700,000 219,000,000 222,500,000 300,000

0
0
0

79,972,311
0

0
0
0

83,672,311
0

0
0
0

100,000
0

0
100,000

300,000
300,000
200,000

0
0

100,000
100,000

0
0
0

300,000
0

100,000
0
0

100,000
100,000
100,000
100,000
100,000

0
300,000
100,000

0
1,900,000

1,700,000
1,700,000
1,800,000

0
0

1,900,000
1,900,000

0
0
0

1,700,000
0

1,900,000
0
0

1,900,000
1,900,000
1,900,000
1,900,000
1,900,000

0
1,700,000
1,900,000

0

58,873,167

143,282,115

88,903,739
100,577,778

0
0

88,005,556

75,453,611
0
0
0

194,666,667
0

58,486,481
0
0

58,486,481

74,959,644

58,486,481

74,959,644

58,486,481
0

1,220,722,222
80,994,311

1,700,000 413,400,000 417,200,000

0
0
0

1,900,000
0

0
0
0

150,961,431
0

0
0
0

154,761,431
0

0

62,573,167

146,782,115

92,403,739
104,177,778

0
0

91,705,556

79,153,611
0
0
0

198,166,667
0

62,186,481
0
0

62,186,481
78,659,644
62,186,481
78,659,644
62,186,481

0
1,224,222,222

84,694,311

0
0
0

300,000
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0

0
0
0
0
0

0
0
0

1,700,000

0
0
0

0
0
0
0
0
0
0

0

0
0

0
0
0

0
0

0
0
0

0
0

0
167,821,031

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

0

0

0

171,621,031
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0

0
0

1 600,000 300,000

0
0
0

219,102
0

0
0
0

100,000
0

0
0
0

1,900,000
0

&B

0
1,800,000

1,800,000 |

1,800,000 |

1,800,000 |

0|
0j

1,800,000
1,800,000

0I
0j

0I
1,800,000 |

0j

1,800,000 |

0j
01

1,800,000
1,800,000 I
1,800,000 I
1,800,000 I
1,800,000

0|
1,800,000 |

1,800,000

1,800,000

0
0
0

1,800,000
0
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Hanford Inactive Waste Site Study.

81 Priority Sites Recommended for Phase II Characterization.

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

Site No. (1)

-------------
116-B-4

116-8-4

116-C-1

116-C-2

116-D-1B

116-DR-1

116-DR-2

116-DR-6

116-DR-7

116-F-1

116-F-2

116-F-3

116-F-6

116-F-9

116-F-10

116-H-1

116-H-2

116-H-3

100 KE*1
100 KE*2

100 KW*1

100 KW*2

116-K-1

116-K-2

116-KE-2

216-B-43

216-B-44

216-B-45

216-B-46

216-B-48

216-B-49

216-B-50

216-6-2-2

216-8-5

216-B-6

216-B-7 A&B

216-B-10A

------------------------ (of entire soil column)

Wa

(C

S ENG

S) ($)

ter Vol F

cu yd) (

---- -- -- -
120,267 I 200,000

01 0
310,385 I 300,000

01 0
01 0

269,319 I 200,000
189,156 I 200,000

01 0
01 0

419,900 300,000

192,370 300,000

01 0
01 0

331,204 I 200,000
01 0

170,567 200,000

259,233 300,000

01 0
01 0
0j 0

0| 0
01 0

577,268 300,000

1,491,467 I 300,000
0 0

1,633,578 300,000

5,969,833 | 300,000

484,454 I 100,000
01 0

531,414 I 100,000
01 0

Table 2-24

Total Cost ----------

RA (SF only) I
($)

Soil FLushing

(with excavating)

FS ENG

($) 1 ($) ($)

--- ------------------- -I--
847,880 5,652,533 8,500,413 | 0

0 0 0| 0
1,458,810 14,588,104 18,146,914 0

0 0 0| 0
0 0 0| 0

1,800,000 12,657,970 16,457,970 0

1,333,547 8,890,311 12,223,858 0

0 0 0| 0
0 0 0j 0

1,700,000 19,735,300 23,535,300 0

904,141 9,041,407 12,045,548 I 0
0 0 01 0
0 0 0| 0

1,800,000 15,566,574 19,366,574 0

0 0 01 0
1,202,495 8,016,633 11,219,128 j 0
1,218,397 12,183,967 15,502,363 g 0

0 0 01 0
0 0 01 0
0 0 0| 0

0 0 01 0
0 0 01 0

1,700,000 27,131,580 30,931,580 j 0
1,700,000 70,098,933 73,898,933 0

0 0 0 0

1,700,000 76,778,156 80,578,156 300,000

1,700,000 280,582,167 284,382,167 | 0
1,900,000 22,769,345 26,569,345 I 0

0 0 0| 0
1,900,000 24,976,455 28,776,455 I 100,000

0 0 0j 0

Total Cost ------------

RA (SF + E/D) Mon

($)

1,700,000 1,918,462,200 1,922

0

0

0

1,900,000
0

0

0

0

657,434,183

0

661

($) ($) I
---------

0 1,800,000

01 0
0 | 1,800,000

01 0
01 0
0 1,800,000

0 1,800,000

01 0
0j 0
0 1,800,000

0 1,800,000

01 0
01 0
0 1,800,000

01 0
0 1,800,000

0 1,800,000

01 0
01 0
0 | 0
01 0
0 0
0 j 1,800,000

0 1,800,000

0| 0

,262,200 1,800,000

0 1,800,000

0 j 1,800,000

01 0
,234,183 1,800,000

01 0



m m m m m m m W m m W m m
Hanford Inacti
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I------------------------ (with vitrification)

Table 2-24

Total Cost ---------------------

FS ENG RA (SF + VITRIF) Mon IPerimeter

Site No. (1) I ($) ($) ($) ($) ($) | (yd)

-------- ----------------------------------------------- I-------------
116-B-1 0 0 0 0 1,800,000 433
116-B-4 0 0 0 0 0| 287
116-C-1 0 0 0 0 1,800,000 I 727

116-C-2 0 0 0 0 0 520

116-D-1 8 0 0 0 0 01 433
116-DR-1 0 0 0 0 1,800,000 I 570

116-DR-2 0 0 0 0 1,800,000 467
116-DR-6 0 0 0 0 01 400
116-DR-7 I 0 0 0 0 01 367
116-F-i I 0 0 0 0 1,800,000 | 2,387

116-F-2 0 0 0 0 1,800,000 | 593

116-F-3 0 0 0 0 0j 440
116-F-6 I 0 0 0 0 01 627
116-F-9 0 0 0 0 1,800,000 I 703

116-F-10 0 0 0 0 0 286
116-H-1 0 0 0 0 1,800,000 510
116-H-2 0 0 0 0 1,800,000 | 610
116-H-3 j 0 0 0 0 01 286
100 KE*I 0 0 0 0 01 365
100 KE*2 0 0 0 0 01 286

100 KW*1 0 0 0 0 01 365
100 KW*2 0 0 0 0 0j 286
116-K-1 0 0 0 0 1,800,000 | 702
116-K-2 | 0 0 0 0 1,800,000 3,060

116-KE-2 0 0 0 0 0 381

216-8-43

216-B-44

216-B-45

216-8-46 300,000 1,700,000 1,730,294,533 1,733,794,533 1,800,000 660

216-B-48

216-8-49

216-B-50

216-8-2-2 0 0 0 0 1,800,000 J 1,937
216-B-5 0 0 0 0 1,800,000 283
216-B-6 0 0 0 0 01 283
216-B-7 A&B | 0 0 0 0 1,800,000 379
216-B-10A | 0 0 0 0 0 379

No Action
------------------------------ - - - - - - -

FS RA Mon Total

($) ($) ($) Cost ($)

100,000
100,000

100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000
100,000

18,915
12,525

31,719
22,698
18,915
24,881
20,370
17,460

16,005
104,178
25,899
19,206
27,354
30,701

12,479
22,262
26,627
12,479
15,947
12,479

15,947
12,479

30,626
133,569

16,645

6,000,000

6,000,000

6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000

6,000,000
6,000,000
6,000,000

6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000

100,000 28,809 6,000,000

100,000 84,536 6,000,000

100,000 12,372 6,000,000

100,000 12,365 6,000,000

100,000 16,529 6,000,000

100,000 16,529 6,000,000

6,118,915
6,112,525

6,131,719
6,122,698
6,118,915
6,124,881
6,120,370
6,117,460 I
6,116,005
6,204,178
6,125,899
6,119,206
6,127,354 I
6,130,701

6,112,479

6,122,262 I
6,126,627 I
6,112,479 I
6,115,947
6,112,479 |

6,115,947
6,112,479 |

6,130,626
6,233,569
6,116,645

6,128,809

6,184,536
6,112,372
6,112,365
6,116,529
6,116,529



m M M M M M M M = M eM-g M M
Hanford Inactive Waste Site Study. (continued)

81 Priority Sites Recomnended for Phase I

Table 2-24

Characterization.

CAPPING TECHNIQUE

I ------------------------------------------------------------------------------------------ I..................................

Site No. (1) Unit Type (12)

----------------------------
216-B- 16

216-C-1

216-C- 10

216-A-9

216-A-40

216-A-4

216-A-5

216-A-6

216-A- 7

216-A- 21
216-A-24

216-A-27

216-A-28

216-A-36A

216-S-5
216-S-6

216-S-16D

216-S-16P

216-S-17

216-U- 11

216-S- 1&2

216-S-3

216-S-4

216-S-7

216-S-9

216-S-20

216-S-21

216-U- 1&2

216-U-3

216-U-4
216-U-4A

216-U-48

216-Z-1&2

216-Z-7
216-Z-10
216-T-2

---.-- Unit Type (feet)--- | I Surface

Depth Length Width Diameter VoL. Disp. jArea (sq yd)

.. . .. . .. .. .. .. .. . .. .. .. . .. .- ---------
Crib (12)

Crib

Crib

Crib (12)

Trench

Crib (11&12)

Crib (12)

Crib (12)

Crib (12)

Crib (11&12)

Crib (12)

Crib (11&12)

French Drain

Crib

Crib

Crib

Ditch

Pond

Pond

Ditch

Crib

French Drain

French Drain

Crib

Crib

Crib

Crib

Crib

French Drain

Reverse WeLL (11&12)

French Drain (11&12)

French Drain (11&12)

Crib

Crib

Reverse WeLL

Reverse WeLL

12

13

7

12

16

25

32

19

15
19

15
14

11

22

15
15

3

3

10

7

35

6

20

22

30

30

21

24

12

75
10

10

21

5
150

75

80

27

32

420

400

20

35

100

10

60
1400

200

100

210

210

3000

958

4510

90

100

100

300

90

50

78

30

210

80

12

5

20

20

20

35

100

10

16
20

10

11

210

210

4

958

10

40

10

50

30

40

50

28

30

44

5,600,000

23,400,000

897,000

981,000,000
946,000

6,210,000
1,630,000,000

3,400,000,000

326,000
77,800,000

820,000,000

23,100,000
20 30,000

1,070,000

4,100,000,000

4,470,000,000

400,000,000

1250 40,700,000,000

6,430,000,000

160,000,000

4,200,000

2.5 1,000,000
390,000,000

50,300,000

135,000,000
87,100,000

15,900,000
6 791,000

0.5 300,000
4.3 545,000

4.3 33,000

38,900,000

79,900,000

0.5 1,000,000

0.5 6,000,000

FS

(S)

0

0

9,228
0

21,589
0

10,336
0

8,711
0

0
0

7,339
0

0

0

99,553
201,620

0

148,711
0

0

6,480
0

0

0

0

11,523

6,648
0

6,566
6,566

0

0
6,385
6,385

ENG

(S)

0

0

100,000
0

200,000
0

200,000
0

100,000
0

0

0

200,000
0

0

0

300,000

300,000
0

300,000
0

0

100,000
0

0

0

0

200,000
100,000

0

100,000
100,000

0

0

100,000
100,000

RA

(S)

0

0

83,050
0

145,725
0

69,769
0

78,400
0

0
0

49,539
0

0

0

447,990

907,292
0

669,200
0
0

58,321
0

0

0

0

77,778

59,828
0

59,094

59,094
0

0

57,468

57,468

0

0

415,250
0

971,500
0

465,125
0

392,000
0

0

0

330,260
0

0

0

4,479,900

9,072,920
0

6,692,000
0

0

291,604
0

0

0

0

518,520

299,142
0

295,469
295,469

0

0

287,339
287,339

Mon
($)

0

0

1,800,000
0

1,800,000
0

1,800,000
0

1,800,000
0

0

0

1,800,000
0

0

0

1,800,000

1,800,000
0

1,800,000
0

0

1,800,000
0

0

0

0

1,800,000

1,800,000
0

1,800,000
1,800,000

0

0

1,800,000
1,800,000

TotaL

Cost (S)

0
0

2,398,300

0
3, 117, 225

0
2,534,894

0
2, 370, 400

0
0
0

2,379,799

0
0
0

7,027,890

12,080,212

0
9,461,200

0
0

2,249,924

0
0
0
0

2,596,298

2,258,971

0
2,254,562

2,254,562

0
0

2,244,807

2,244,807



Hanford Inactive Waste Site Study. (continued) Table 2-24

81 Priority Sites Recommended for Phase II Characterization.
GROUT-IN-PLACE TECHNIQUE

I-------- Unit Type (feet) - - I I Surface Grouting FS ENG RA Mon Total

Site No. (1) Unit Type (12) Depth Length Width Diameter jArea (sq yd) Depth (yd) ($) (S) S) ($) Cost ($)

------------------------------------------------------------ -------------------------------------------------------------------
38 216-B-16 Crib (12) 12 80 80 10,678 0 0 0 0 0 0
39 216-C-1 Crib 13 27 12 6,910 53 100,000 1,900,000 22,113,422 1,800,000 25,913,422
40 j 216-C-10 Crib 7 32 5 6,841 53 100,000 1,900,000 21,891,556 1,800,000 25,691,556

41 216-A-9 Crib (12) 12 420 20 j 18,056 53 200,000 1,800,000 57,777,778 1,800,000 61,577,778

42 I 216-A-40 Trench 16 400 20 I 17,500 0 0 0 0 0 0

43 216-A-4 Crib (11&12) 25 20 20 I 6,944 53 100,000 1,900,000 22,222,222 1,800,000 26,022,222
44 216-A-5 Crib (12) 32 35 35 I 7,803 53 200,000 1,800,000 24,968,889 1,800,000 28,768,889 I
45 216-A-6 Crib (12) 19 100 100 12,100 53 200,000 1,800,000 38,720,000 1,800,000 42,520,000
46 216-A-7 Crib (12) 15 10 10 6,400 0 0 0 0 0 01
47 216-A-21 Crib (11&12) 19 60 16 | 7,927 0 0 0 0 0 0
48 I 216-A-24 Crib (12) 15 1400 20 | 45,278 53 300,000 1,700,000 144,888,889 1,800,000 148,688,889

49 216-A-27 Crib (11&12) 14 200 10 I 11,467 0 0 0 0 0 0
50 216-A-28 French Drain 11 20 | 5,454 0 0 0 0 0 0 I
51 |216-A-36A Crib 22 100 11 I 8,837 0 0 0 0 0 0|
52 216-S-5 Crib 15 210 210 I 21,511 53 300,000 1,700,000 68,835,556 1,800,000 72,635,556 |

53 j 216-S-6 Crib 15 210 210 I 21,511 53 300,000 1,700,000 68,835,556 1,800,000 72,635,556

u' 54 | 216-S-16D Ditch 3 3000 4 j 83,980 0 0 0 0 0 01
55 I 216-S-16P Pond 3 1250 | 191,148 0 0 0 0 0 0 I
56 I 216-S-17 Pond 10 958 958 I 156,816 53 300,000 1,700,000 501,811,200 1,800,000 505,611,200 |

57 216-U-11 Ditch 7 4510 10 I 126,400 0 0 0 0 0 01
58 I 216-S-1&2 Crib 35 90 40 I 9,600 53 200,000 1,800,000 30,720,000 1,800,000 34,520,000 |

59 216-S-3 French Drain 6 100 10 I 8,800 53 200,000 1,800,000 28,160,000 1,800,000 31,960,000 I
60 | 216-S-4 French Drain 20 2.5 | 4,717 0 0 0 0 0 0
61 I 216-S-7 Crib 22 100 50 I 10,267 53 200,000 1,800,000 32,853,333 1,800,000 36,653,333 I
62 | 216-S-9 Crib 30 300 30 j 15,311 53 200,000 1,800,000 48,995,556 1,800,000 52,795,556 |

63 I 216-S-20 Crib 30 90 40 I 9,600 53 200,000 1,800,000 30,720,000 1,800,000 34,520,000 |

64 I 216-S-21 Crib 21 50 50 | 8,711 53 200,000 1,800,000 27,875,556 1,800,000 31,675,556 |

65 216-U-1&2 Crib 24 78 28 | 8,829 0 0 0 0 0 0
66 216-U-3 French Drain 12 61 4,860 0 0 0 0 0 0j
67 I 216-U-4 Reverse WelL (11&12) 75 0.5 I 4,636 53 100,000 1,900,000 14,836,765 1,800,000 18,636,765 I
68 | 216-U-4A French Drain (11&12) 10 4.3 4,791 53 100,000 1,900,000 15,329,992 1,800,000 19,129,992 |
69 216-U-48 French Drain (11&12) 10 4.3 j 4,791 53 100,000 1,900,000 15,329,992 1,800,000 19,129,992 I
70 216-Z-1&2 Crib 21 30 30 | 7,511 53 100,000 1,900,000 24,035,556 1,800,000 27,835,556 |

71 216-Z-7 Crib 5 210 44 13,396 53 200,000 1,800,000 42,865,778 1,800,000 46,665,778 I
72 | 216-Z-10 Reverse Welt 150 0.5 4,636 0 0 0 0 0 0 I
73 | 216-T-2 Reverse WelL 75 0.5 4,636 0 0 0 0 0 0



Hanford Inactive Waste Site Study. (continued) Table 2-24

81 Priority Sites Recommended for Phase II Characterization.
VITRIFICATION TECHNIQUE

I----- Unit Type (feet)--- I I Vitrif. FS ENG RA Mon Total

Site No. (1) Unit Type (12) Depth Length Width Diameter IDepth (yd) ($) ($) ($) ($) Cost ($)

-------------------------------------------------------------------------- I-----------------------------------------------------------I
38 I 216-8-16 Crib (12) 12 80 80 0 0 0 0 0 0
39 216-C-1 Crib 13 27 12 | 16 100,000 1,900,000 42,114,552 1,800,000 45,914,552
40 216-C-10 Crib 7 32 5 I 17 100,000 1,900,000 44,353,204 1,800,000 48,153,204
41 216-A-9 Crib (12) 12 420 20 0 0 0 0 0 0
42 216-A-40 Trench 16 400 20 0 0 0 0 0 0
43 216-A-4 Crib (11&12) 25 20 20 I 11 100,000 1,900,000 30,615,741 1,800,000 34,415,741
44 216-A-5 Crib (12) 32 35 35 0 0 0 0 0 0
45 216-A-6 Crib (12) 19 100 100 | 0 0 0 0 0 0
46 216-A-7 Crib (12) 15 10 10 0 0 0 0 0 0
47 216-A-21 Crib (11&12) 19 60 16 14 100,000 1,900,000 42,140,802 1,800,000 45,940,802
48 | 216-A-24 Crib (12) 15 1400 20 0 0 0 0 0 0
49 | 216-A-27 Crib (11&12) 14 200 10 15 200,000 1,800,000 68,394,844 1,800,000 72,194,844
50 216-A-28 French Drain 11 20| 0 0 0 0 0 0
51 216-A-36A Crib 22 100 11 j 13 200,000 1,800,000 43,541,202 1,800,000 47,341,202
52 216-S-5 Crib 15 210 210 0 0 0 0 0 0
53 216-S-6 Crib 15 210 210 0 0 0 0 0 0
54 I 216-S-16D Ditch 3 3000 4 0 0 0 0 0 0
55 216-S-16P Pond 3 12501 0 0 0 0 0 0
56 | 216-S-17 Pond 10 958 958 0 0 0 0 0 0
57 j 216-U-11 Ditch 7 4510 10 0 0 0 0 0 0
58 I 216-S-1&2 Crib 35 90 40 8 200,000 1,800,000 31,120,000 1,800,000 34,920,000
59 216-S-3 French Drain 6 100 10 I 17 200,000 1,800,000 57,053,333 1,800,000 60,853,333
60 216-S-4 French Drain 20 2.5| 0 0 0 0 0 0
61 216-S-7 Crib 22 100 50 I 13 200,000 1,800,000 50,587,289 1,800,000 54,387,289
62 I 216-S-9 Crib 30 300 30 | 13 200,000 1,800,000 77,428,289 1,800,000 81,228,289
63 | 216-S-20 Crib 30 90 40 | 10 200,000 1,800,000 37,344,000 1,800,000 41,144,000
64 j 216-S-21 Crib 21 50 50 | 13 200,000 1,800,000 44,052,089 1,800,000 47,852,089
65 216-U-1&2 Crib 24 78 28 0 0 0 0 0 0
66 216-U-3 French Drain 12 61 0 0 0 0 0 0
67 216-U-4 Reverse WelL (11&12) 75 0.5 I 0 0 0 0 0 0
68 216-U-4A French Drain (11&12) 10 4.3 I 0 0 0 0 0 0
69 | 216-U-4B French Drain (11&12) 10 4.3 I 0 0 0 0 0 0
70 | 216-Z-1&2 Crib 21 30 30 | 13 100,000 1,900,000 37,983,689 1,800,000 41,783,689
71 I 216-Z-7 Crib 5 210 44 1 17 200,000 1,800,000 86,847,852 1,800,000 90,647,852
72 216-Z-10 Reverse WelL 150 0.5 1 0 0 0 0 0 0
73 216-T-2 Reverse Well 75 0.5 1 0 0 0 0 0 0 I
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Hanford Inactive Waste Site Study. (continued) Table 2-24

81 Priority Sites Recommended for Phase I Characterization.
EXCAVATION and DISPOSAL TECHNIQUES

.....--- . ..-- ....------------------------------- Excavation & Disposal ------- Total Cost --
I Excavation FS ENG RA (E/D only)

Site No. (1) Unit TypejVoLume (cu yd) (S) ($) ($) ($)

-------------------I -------------------------------------------------------
216-B-16

216-C-1

216-C- 10

216-A-9

216-A-40

216-A-4

216-A-5

216-A-6
216-A-7

216-A-21
216-A-24

216-A-27

216-A-28

216-A-36A

216-S-5

216-S-6
216-S-16D

216-S- 16P

216-S- 17

216-U-11

216-S-1&2

216-S-3
216-S-4

216-S-7

216-S-9

216-S-20

216-S-21

216-U- 1&2
216-U-3

216-U-4
216-U-4A
216-U-4B
216-Z- 1&2

216-Z-7
216-Z-10

216-T-2

Crib (12)1

Crib

Crib

Crib (12)1

Trench |
Crib (11&1

Crib (12)1

Crib (12)1

Crib (12)1

Crib (11&1
Crib (12)1
Crib (11&|

French Dri

Crib |
Crib I
Crib

Ditch

Pond

Pond

Ditch

Crib

French Dri

French Drj
Crib I
Crib I
Crib I
Crib |
Crib |

French Drj
Reverse W|
French Dri
French Dri
Crib |
Crib |

Reverse W1
Reverse W

FS

(S)

320,889

0

225,022
0

0

227,556
0

0

213,556

252,800
0

344,444
178,722

276,444

578,000
578,000

0
4,193, 154

3,516,809

3,313,556
0

275,556

0

0

0

0

0

0

0

0

0

0

242,000

389,867
0

0

Excavation & Incineration

ENG RA

($) (S)

200,000

0

100,000
0

0

100,000
0
0

100,000

100,000
0

200,000

200,000

200,000
300,000
300,000

0

300,000
300,000
300,000

0

200,000
0

0

0

0

0

0

0

0

0

0

100,000
200,000

0

0

1,800,000

0

1,900,000
0

0

1,900,000
0

0

1,900,000

1,900,000
0

1,800,000
1,800,000
1,800,000

1,700,000

1,700,000
0

1,700,000

1,700,000

1,700,000
0

1,800,000
0

0

0

0

0

0

0

0

0

0

1,900,000

1,800,000
0

0

Total Cost ------

(E/D + INCIN) Mon

($) ($)

117,124,444

0

82,133,111
0

0

83,057,778

0

0

77,947,778

92,272,000

0

125,722,222

65,233,426

100,902,222

210,970,000

210,970,000

0

1,530,501,038

1,283,635,244

1,209,447,778

0

100,577,778

0

0

0

0

0

0

0

0

0

0

88,330,000

142,301,333

0

0

120,924,444

0

85,933,111
0

0

86,857,778

0

0

81,747,778
96,072,000

0

129,522,222

69,033,426

104,702,222

214,770,000

214,770,000

0

1,534,301,038

1,287,435,244

1,213,247,778

0

104,377,778

0

0

0

0

0

0

0

0

0

0

92,130,000

146,101,333

0

0

200,000
0

100,000
0
0

0
0

0

100,000
100,000

0

200,000
0

0

0

0

0

0

0

0

0

200,000
0

0

0

0

0

0

0

0

0

0

0

0

0

0

1,800,000
0

1,900,000
0

0

0

0

0

1,900,000
1,900,000

0

1,800,000
0

0

0

0

0

0

0

0

0

1,800,000
0

0

0

0

0

0

0

0

0

0

0

0

0

0

221,092,444

0

155,040,311

0

0

0

0

0

147,139,778

174,179,200

0

237,322,222
0

0

0

0

0

0

0

0

0

189,857,778
0

0

0

0

0

0

0

0

0

0

0

0

0

0

224,892,444

0

158,840,311

0

0

0

0

0

150,939,778

177,979,200

0

241,122,222

0

0

0

0

0

0

0

0

0

193,657,778

0

0

0

0

0

0

0

0

0

0

0

0
0

0

1,800,000

0I
1,800,000

0

0

1,800,000

0|
0

1,800,000

1,800,000 I
0|

1,800,000 |

1,800,000

1,800,000

1,800,000 I
1,800,000

0

1,800,000 I
1,800,000 I
1,800,000 I

0

1,800,000
0
0
0

0

0

0
0

0
0
0

1,800,000
1,800,000

0
0
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Hanford Inactive Waste Site Study. (continued)

81 Priority Sites Recommended for Phase II Characterization.

Table 2-24

- --- --------------------------- (of entire

I Water VoL FS ENG

Site No. (1) (cu yd) ($) ($)

-------------
216-B-16

216-C-1

216-C-10

| 216-A-9

216-A-40
I 216-A-4

I 216-A-5

I 216-A-6
216-A-7

216-A-21
I 216-A-24

| 216-A-27
I 216-A-28

| 216-A-36A
216-S-5

216-S-6
I 216-S-16 |

216-S-16P

216-S-17

I 216-U-11 |

216-S-1&2

216-S-3

216-S-4
I 216-S-7

| 216-S-9

216-S-20
| 216-S-21

216-U-1&2

216-U-3

216-U-4
216-U-4A

I 216-U-4B
I 216-Z-1&2

216-Z-7
216-Z-10

I 216-T-2

-.. .. ..I -------
1,203,030

649,582

0

1,769,444

0

0

814,090

1,169,667

0

0

3,652,407

0

0

0

1,290,667
1,290,667

0

11,468,908
9,408,960

0

630,400

557,333
0

691,289
1,046,259

665,600

522,667

0

0

0

0

0

0

0

0

0

200,000

100,000

0

200,000

0

0

200,000

200,000

0

0
300,000

0

0

0

300,000
300,000

0

300,000
300,000

0
200,000
200,000

0
200,000
200,000
200,000

200,000

0

0

0
0

0
0
0
0
0

soiL cotumn)

RA

($)

TotaL Cost

(SF onLy)

($)

-.. .................I
1,800,000

1,900,000

0

1,800,000

0

0
1,800,000
1,800,000

0

0

1,700,000
0

0

0

1,700,000

1,700,000

0

1,700,000

1,700,000

0

1,800,000

1,800,000

0

1,800,000

1,800,000

1,800,000

1,800,000

0

0

0
0

0
0
0
0
0

56,542,393

30,530,344

0

83,163,889

0

0

38,262,221

54,974,333
0

0

171,663,148

0

0

0

60,661,333

60,661,333

0

539,038,656

442,221,120

0

29,628,800

26,194,667

0

32,490,578

49,174,185

31,283,200

24,565,333

0

0

0

0

0

0

0

0

0

60,342,393

34,330,344

0

86,963,889

0

0

42,062,221

58,774,333
0

0

175,463,148

0

0

0

64,461,333

64,461,333

0

542,838,656
446,021,120

0

33,428,800
29,994,667

0
36,290,578

52,974,185

35,083,200

28,365,333

0

0

0
0

0
0
0
0
0

FS

0
0

0

0

0

0

0

0

0

0

0

0

0

0

300,000
300,000

0

300,000
300,000

0

0

200,000

0

0

0

0

0

0

0

0

0

0

0

0

0

0

SOIL FLUSHING TECHNIQUES

(with excavation)

ENG RA

(M) ($)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1,700,000

1,700,000
0

1,700,000

1,700,000

0

0

1,800,000

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1,302,874,000

1,302,874,000

0

1,828,857,038

9,243,615,404

0

0

673,769,778
0

0

0

0

0

0

0

0
0

0
0
0
0
0

TotaL Cost

(SF + E/D)

(S)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1,306,674,000

1,306,674,000
0

1,832,657,038
9,247,415,404

0

0

677,569,778
0

0

0

0

0

0

0

0

0

0

0

0

0

0

Mon

--------- I
1,800,000

| 1,800,000 |

I01
1,800,000 |

| 01|

1,800,000

1,800,000
| 01
| 0.1
| 1,800,000 I

01
01

I 01
I 1,800,000 I
I 1,800,000 I
I 01|
1,800,000

1,800,000

| 01|
1,800,000

I 1,800,000 I
| 01
1,800,000

1,800,000 |

S1,800,000
1,800,000

I 01

01

I 0j| 01
I 01
I 0 

|0 |

S0
S0 1



Hanford Inactive Waste Site Study. (continued) Table 2-24

81 Priority Sites Recommended for Phase If Characterization.

SOIL FLUSHING TECHNIQUES
--------- (after vitrification) Total Cost

FS ENG RA (SF + VITRIF)

($) (S) (S) ($)

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

Site No. (1)

216-6-16

216-C-1
216-C-10

216-A-9

216-A-40

216-A-4

216-A-5

216-A-6
216-A-7

216-A-21

216-A-24

216-A-27

216-A-28
216-A-36A

216-S-5

216-S-6

216-S-16D

216-S-16P

216-S-17

216-U-11

216-S-1&2

216-S-3

216-S-4

216-S-7

216-S-9

216-S-20

216-S-21

216-U-1&2

216-U-3

216-U-4
216-U-4A

216-U-4B

216-Z-1&2
216-Z-7
216-Z-10

216-T-2

0

100,000
0

0

0

0

0

0

0

0

0
0

0
0

0

0

0

0

0
0

200,000
200,000

0

200,000
200,000
200,000
200,000

0

0

0

0

0
0
0
0
0

0

1,900,000

0

0

0

0

0

0

0
0

0
0

0

0

0

0

0

0

0

0

1,800,000

1,800,000
0

1,800,000

1,800,000

1 ,800,000
1,800,000

0

0

0
0

0

0
0
0

0

0

720,277,928

0

0

0

0

0

0

0
0

0
0

0
0

0

0

0

0
0

0

628,057,600

578,189,333

0
710,692,889

1,081,301,289

678,950,400

523,076,089

0

0

0
0

0

0
0
0
0

No Action

) Mon jPerimeter FS RA Mon Total

($) (yd) ($) ($) M$) Cost (S)

---------- I ------------------------------------------I
0

724,077,928

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

631,857,600

581,989,333

0
714,492,889

1,085,101,289

682,750,400

526,876,089

0

0

0

0

0
0
0
0

0

1,800,000

1,800,000
0

1,800,000
0

0

1,800,000

1,800,000
0

0

1,800,000
0

0
0

1,800,000
1,800,000

0

1,800,000

1,800,000
0

1,800,000
1,800,000

0
1,800,000

1,800,000

1,800,000

1,800,000

0

0

0
0

0

0
0
0
0

467
386

385

653

640

387

407
493

373

411

1,307
500
304

434

640

640

2,363
1,592
1,637

3,373
447

433

285

460

580

447

427

431

289

283
287

287

400

529
283
283

100,000

100,000

100,000

100,000
100,000
100,000

100,000

100,000
100,000

100,000
100,000

100,000

100,000
100,000

100,000

100,000

100,000

100,000
100,000

100,000

100,000

100,000

100,000

100,000
100,000
100,000

100,000

100,000

100,000

100,000
100,000

100,000

100,000
100,000
100,000
100,000

20,370

16,849

16,791

28,518
27,936
16,878

17,751

21,534

16,296

17,926
57,036
21,825

13,256
18,944

27,936

27,936

103,130

69,479
71,470

147,246

19,497

18,915

12,456

20,079

25,317

19,497

18,624

18,799

12,616
12,365

12,538

12,538

17,460

23,105
12,365

12,365

6,000,000

6,000,000
6,000,000

6,000,000
6,000,000

6,000,000

6,000,000

6,000,000
6,000,000
6,000,000

6,000,000

6,000,000

6,000,000
6,000,000

6,000,000

6,000,000
6,000,000

6,000,000
6,000,000

6,000,000
6,000,000

6,000,000
6,000,000

6,000,000

6,000,000

6,000,000

6,000,000

6,000,000

6,000,000
6,000,000
6,000,000

6,000,000

6,000,000
6,000,000
6,000,000

6,000,000

6,120,370

6,116,849

6,116,791

6,128,518
6,127,936
6,116,878

6,117,751

6,121,534
6,116,296
6,117,926
6,157,036
6,121,825

6,113,256
6,118,944

6,127,936

6,127,936

6,203,130
6,169,479

6,171,470
6,247,246

6,119,497

6,118,915

6,112,456
6,120,079
6,125,317

6,119,497

6,118,624

6,118,799
6,112,616

6,112,365

6,112,538
6,112,538

6,117,460
6,123,105
6,112,365

6,112,365
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Hanford Inactive Waste Site Study. (continued) Table 2-24

81 Priority Sites Recommended for Phase I Characterization.
CAPPING TECHNIQUE

-------------------------- *--------------------------------------------------------------- I----------------------------------

Site No. (1)

------------
216-T-3

216-T-7

| 216-T-8

216-T-19
216-T-28

316-1

| 316-2

I 316-3

Unit Type (12)

Reverse Well

Crib & Tile Field

Crib

Crib & Tile Field

Crib

Pond (11&12)

Pond (11&12)

Trench

-------- Unit Type (feet) --- I | Surface FS

Depth Length Width Diameter Vol. Disp. |Area (sq yd) ($)
.. . . . . . . . . . . . . . . . . . . . . . . . .I-----------------

206
26

25

23

15

9

10

20

0.75
310
28

390
30

600
620
600

84

28

85

30

375

600
10

11300000 I
110,000,000

500,000
455,000,000

42,300,000
10,000,000,000

10,000,000,000

1,000,000,000

6

0

9,867
0

0

62,350
86,033
27,067

100,000
0

100,000
0

0

300,000
300,000
200,000

ENG

($)

RA

(S)

Mon

($)

Total
Cost (S)

-.. ....... ............i

0

88,804
0

0

280,575

387,150
182,700

54 270

0

444,020
0

0

2,805,750
3,871,500
1,218,000

0 100,324
0 0

1,800,000 2,432,824

0 0
0 0

1,800,000 5,186,325

1,800,000 6,358,650

1,800,000 3,400,700

74

75

76

77

78

79

80

81

I ------------------------------------------------------------------------------------------------------------------------------------------------------------
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Hanford Inactive Waste Site Study. (continued) Table 2-24

81 Priority Sites Recommended for Phase II Characterization.
GROUT-IN-PLACE TECHNIQUE

I ---.- Unit Type (feet) -- -I Surface Grouting FS ENG RA Mon Total

Site No. (1) Unit Type (12) Depth Length Width Diameter |Area (sq yd) Depth (yd) ($) (S) (S) (S) Cost ($)
----------------------------------------------------------------I.............................................---------------.......

Reverse Well

Crib & Tile Field

Crib

Crib & Tile Field

Crib

Pond (11&12)

Pond (11&12)

Trench

0.751
84

28

85

30

375
600

10

4,647

18,840

7,396

21,700

7,511

55,794
78,389
22,133

0

53

0

53

53

11

11

14

0 0

300,000 1,700,000

0 0

300,000 1,700,000

100,000 1,900,000

300,000 1,700,000

300,000 1,700,000

200,000 1,800,000

0 0 0
60,288,000 1,800,000 64,088,000

0 0 0
69,440,000 1,800,000 73,240,000

24,035,556 1,800,000 27,835,556

37,940,222 1,800,000 41,740,222

53,304,444 1,800,000 57,104,444

19,034,667 1,800,000 22,834,667

74

75

76

77

78

79

80

81

216-T-3

216-T-7

216-T-8

216-T-19

216-T-28

316-1
316-2

316-3

206

26

25

23

15

9

10

20

310

28

390
30

600
620
600

I ------------------------------------------------------------------------------------------------------------------------------------------------------------
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Hanford Inactive Waste Site Study. (continued)

81 Priority Sites Recommended for Phase II Characterization.

Table 2-24

VITRIFICATION TECHNIQUE

I-------------------------------------------------------------------------------------------------------------------------

Site No. (1) Unit Type (12)

Reverse WelL

Crib & Tile FieLd
Crib

Crib & Tile Field

Crib

Pond (11&12)

Pond (11&12)

Trench

I------ Unit Type (feet)--- I I Vitrif. FS ENG RA Mon Total

Depth Length Width Diameter jDepth (yd) ($) ($) ($) M$) Cost M$)

........................ I ----------------------------------------------------------- I
206

26

25

23

15

9

10

20

310
28

390

30

600

620
600

0.75 |
84

28

85

30

375

600

10

0 0
11 300,000

0 0

12 300,000

15 100,000

11 300,000

11 300,000
14 200,000

0

1,700,000
0

1,700,000

1,900,000

1,700,000
1,700,000

1,800,000

0 0

83,059,280 1,800,000

0 0

104,109,367 1,800,000

43,827,333 1,800,000

245,979,107 1,800,000

345,590,481 1,800,000

123,408,089 1,800,000

0

86,859,280

0

107,909,367

47,627,333

249,779,107

349,390,481

127,208,089

74

75

76

77

78

79

80

81

216-T-3

216-T-7

216-T-8

216-T-19

216-T-28

316-1

316-2

316-3

I --------------------------------------------------------------------------------------------------------------------------------------------------



Hanford Inactive Waste Site Study. (continued) Table 2-24

81 Priority Sites Recommended for Phase II Characterization.
EXCAVATION and DISPOSAL TECHNIQUES

---- .........------------------------- Excavation & Disposal ------- -Total Cost -- Excavation & Incineration Total Cost -------- -
I Excavation FS ENG RA (E/D only) FS ENG RA (E/D + INCIN) Mon

Site No. (1) IVolume (cu yd) (S) ($) Cs) Cs) ($) ($) ($) ($) (S)

------------ I----------------------------------------------------------------------------------------------------------
216-T-3

216-T-7
216-T-8

216-T-19

216-T-28

316-1
316-2

316-3

0

590,333
242,000

0

0 0
0 0

0

300,000

100,000
0

0 0
620,000 200,000

0

0

0

1,700,000

1,900,000

0

0

0

215,471,667
88,330,000

0 0
0 0
0

219,271,667
92,130,000

0 0 0

0 0 0
1,800,000 226,300,000 230,100,000

0

0

0

0

0

0

0

0
0
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1,800,000

1,800,000
0

0

1,800,000

74

75

76

77

78

79

80

81
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Hanford Inactive Waste Site Study. (continued)

81 Priority Sites Reconnended for Phase 11 Characterization.

- ---------- ---------------------- (of entire

Water Vol FS ENG
Site No. (cu yd) (S) (S)

I---------- ..---..-..-.-..--- ---

soil column)

RA

($)

Table 2-24

Total Cost

(SF only)

($)

.-------....-.....--..---.-...-.........---.----- -

SOIL FLUSHING TECHNIQUES
--------- (with excavation)

FS ENG RA

($) ($)

Total Cost -------------

(SF + E/D) | Mon

($) M ($)

---------------------------------------------------------------------------
216-T-3 385,664 100,000 1,900,000 18,126,199 21,926,199 0 0 0 0 1,800,000

I 216-T-7 1,199,480 300,000 1,700,000 56,375,560 60,175,560 300,000 1,700,000 1,043,980,920 1,047,780,920 | 1,800,000 |
216-T-8 0 0 0 0 0 0 0 0 0| 0|

I 216-T-19 1,367,100 300,000 1,700,000 64,253,700 68,053,700 300,000 1,700,000 1,399,575,567 1,403,375,567 I 1,800,000 |
216-T-28 0 0 0 0 0 0 0 0 01 01
316-1 632,337 300,000 1,700,000 29,719,841 33,519,841 0 0 0 0 | 1,800,000

| 316-2 888,407 300,000 1,700,000 41,755,148 45,555,148 0 0 0 0 | 1,800,000 |
1 316-3 0 0 0 0 0 0 0 0 0 1 01
1I---------------------------------------------------------------------------------------------------------------

74

75

76

77

78

79

80
81
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Hanford Inactive Waste Site Study. (continued) Table 2-24

81 Priority Sites Recommended for Phase II Characterization.
No Action

--------- ------ -- (with vitrification) Total Cost ----------.------- .- .--- .- .- .------- .--------------- .------ . --

I FS ENG RA (SF + VITRIF) Mon
Site No. (1) ($) ($) ($) (S) ($) I

----------- ------------------------------------------- I--------
216-T-3 0 0 0 0 1,800,000 |
216-T-7 0 0 0 0 1,800,000 I
216-T-8 0 0 0 0 01

I 216-T-19 I 300,000 1,700,000 1,380,004,267 1,383,804,267 1,800,000
l216-T-28 0 0 0 0 01

316-1 j 0 0 0 0 1,800,000
I 316-2 | 0 0 0 0 1,800,000 I
1316-3 | 0 0 0 0 0j

Perimeter FS RA Mon Total

(yd) ($) (S) ($) Cost ($)

-I.. . . . . . .. . - - - - - -- - - - - - - - -
284

623

397

677

400
1,010
1,173

767

100,000
300,000
100,000
300,000
100,000
300,000
300,000
200,000

12,376

27,179

17,344

29,537

17,460

44,087
51,216
33,465

6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000
6,000,000

6,112,376
6,327,179
6,117,344

6,329,537

6,117,460
6,344,087

6,351,216

6,233,465

74

75

76

77

78

79

80

81

-----



KEY and SUMMARY to CERCLA TABLES

Key to abbreviations

BLS Below land surface
ENG Engineering and design

FS Feasibility Study
MON Post Remedial Action monitoring
RA Remedial Action

Summary of methods and assumptions

* The area or volume of measure used to calculate the costs of a technique
is generally included along with the associated costs.

* Feasibility Study costs range from $100,000 to $300,000 depending on
the size of the site. (See section 3.3).

* Engineering and design costs are a percentage of the Remedial Action

costs, but, the sum of the engineering and design costs (ENG) and the

Feasibility Study (FS) costs must be less than or equal to $1,200,000.

(See section 3.3).

* Remedial Action costs are a function of the technology costs and the unit

of measure for a given site, i.e., square yards or cubic yards.

* Some sites have a combination of technologies identified, such as soil

flushing following excavation and disposal. The combination of Feasibility

Study and engineering and design costs retain the $2,000,000 maximum
limit, however, the Remedial Action costs are combined. The Remedial Action

labeled Soil Flushing Techniques (with excavation) has a RA cost of the RA

the flushing costs for the site after excavation plus the excavation and

disposal cost.

* Total costs are a sum of the Feasibility Study, engineering and design,
Remedial Action, and post Remedial Action costs.

* Post Remedial Action monitoring is carried out semi-annually for 30
years for all remediated sites. Sites that received No Action are monitored

for 100 years on a semi-annual basis.
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(14) Table 3.2, page 3.3

From: DOE 1986a

2-157
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2.8 ESTIMATED SCHEDULES AND MANPOWER

This section provides a description of the schedules and manpower

needed to complete site characterization and remedial action for the CERCLA
sites. This effort was necessary to ultimately produce a master schedule
for addressing both RCRA and CERCLA sites as described in Section 4. The
methods used to develop estimates of manpower and scheduling recommended for

characterization and remediation are also provided in this section.

Characterization of the CERCLA sources assumes an 18 month period to

complete any one source. Each source will involve two drilling rigs: one

for soil boring and the other for well installation. Staff for each
drilling rig will involve a supervisory geologist, driller, and a health and
safety or sampling specialist per drilling location. Additional
characterization activities such as lysimeter installation, soil gas

sampling, and water quality sampling will each involve additional staff
ranging from 1 to 3 persons. In addition, one field manager coordinating

the overall operation will be necessary.

The remediation of the CERCLA sites will involve the preparation of a
Feasibility Study report, engineering analysis and design of the selected
remediation approach, conduct of the remedial action, and post-remedial
action monitoring. For the purposes of this study, a period of nine months

was scheduled for completion of the feasibility study. Six additional
months were added for the review of the feasibility study by EPA and the
State of Washington. Thus, a total of 15 months was scheduled to complete
this task. This is consistent with the requirements promulgated under SARA.
The total number of manweeks required to complete the feasibility study can
be determined based on the costs considered for the feasibility study as
outlined earlier in Section 2.7. An average labor rate of $60/hr was used
based on the level of scientific and engineering expertise needed to perform

the study. The feasibility study costs vary by the type of site being
remediated, but the total manweeks for each site may be estimated by
dividing the feasibility study costs for each site by the average labor
rate.
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After the feasibility study has been completed, reviewed, and approved
by EPA and the State, engineering analysis of the recommended remedial
alternatives can be started. It is assumed that a period of one year (52
weeks) is required to conduct the engineering analysis which includes
initial engineering design and review, cost estimates, and construction

management. Based on the costs required to perform this activity (as
identified in Section 2.7), the total manpower requirement can be calculated

as for the feasibility study using the $60/hr labor cost. The total

manpower requirement will vary significantly on a site-by-site basis and
with each different remediation technology considered in this analysis.

The scheduling and manpower requirements for remediating each site are
based on the estimated volume of waste, soil, or water identified as
requiring remediation or treatment at each unit. These requirements are
presented in Appendix A for each of the remediation technologies.

After a unit has been remediated, it will be necessary to perform post-
remedial action groundwater monitoring. A 30-year groundwater monitoring
program is recommended so that the site cleanup program will be consistent
with the RCRA post-closure monitoring program. Under the RCRA program, land
disposal facilities that have undergone closure are required to perform
groundwater sampling at the facility on a semi-annual basis for a period of
30 years. The objective of this program is to verify that the remediation
or closure action has resulted in either the elimination of hazardous
constituents from the environment or the reduction of constituent
concentrations to levels below the applicable regulatory standards. Under
this program, semi-annual groundwater sampling for hazardous constituents
will be performed at one upgradient and three downgradient wells at each
remediated site. Each of the wells will be purged and sampled, the samples
analyzed, and a report prepared. This will require a total of 8 weeks to
complete on a twice-yearly basis. Clerical support, well maintenance
support, and monthly well inspection will also be required. The total
manpower required on a yearly basis would be 216 hours or 162 manweeks over
a period of 30 years.

2-159



Draft September 3, 1987

Based on the above analyses, the unit master schedule for a CERCLA site
would be as follows:

Characterization Feas. Study Eng. Remedial Action Post-RA Mon.

-----.--- m-m-. I-------- I ------ ysI
18 mo. 15 mo. 12 mo. variable 30 yrs
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3.0 ASSESSMENT DOCUMENT FOR RCRA 3004(u) SITES

This assessment document presents an evaluation of the possible charac-

terization and remediation needs of RCRA 3004(u) sites at Hanford. The

purpose of this effort is to develop an estimate of the costs and time

required for addressing these sites.

Sections 3004(u) and (v) and 3008(h) of RCRA were added by the

Hazardous and Solid Waste Amendments of 1984 (HSWA). These "corrective

action" provisions of RCRA authorize the EPA to require corrective action to

be undertaken to address releases of hazardous constituents at sites located

at either interim status facilities or facilities that will require a RCRA

permit. Consequently, for any federal facility that will require a RCRA

permit for one or more treatment, storage, or disposal units, releases from

solid waste management units (SWMUs) at that facility can be addressed by

the EPA under RCRA authorities. SWMUs include both past and presently

operating facilities whether or not their operations were before 1980.

The RCRA corrective action authority is a redundant authority that EPA

could use at DOE facilities. The RCRA authorities are broader than the

CERCLA authorities because the standard that must be met in order to invoke

the authority is as low as [under Section 3004(u)] the mere existence of a

release, whether or not any person or any part of the environment is

threatened by the release. EPA is not required by Sections 3004(u),
3004(v), or 3008(h) to show an "imminent and substantial endangerment," as

required under CERCLA.

The corrective action programs already in place under CERCLA and RCRA

40 CFR Part 264 Subpart F are the foundation for the 3004(u) program.

Sections 104 and 106 of the Comprehensive Environmental Response, Compensa-

tion, and Liability Act (CERCLA) authorize EPA to take response actions,

including removal or remedial measures, when a release or threat of release

of a hazardous substance is discovered which may effect health or welfare.

Generally, these authorities are used in situations where contamination has

occurred at abandoned sites. Where contamination is related to activities

at hazardous waste management facilities that are currently operating or

3-1
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related to former waste management units at currently operating facilities,

both RCRA and CERCLA potentially apply. EPA has usually chosen, as a matter

of policy, to initiate action under RCRA rather than CERCLA at many facili-

ties.

The Hazardous Solid Waste Act (HSWA) corrective action regulations,

when they become available, will represent the most important set of RCRA
standards (ARARs) for CERCLA remedial actions. As such, a primary goal in

development of the RCRA regulations will be to establish, to the maximum

extent possible, a consistent approach between the RCRA and CERCLA programs

in remediating environmental problems.

Existing RCRA regulations for groundwater corrective action (40 CFR

Part 264 Subpart F) prescribe a specific approach for detection, characteri-

zation, and cleanup of contaminated groundwater from permitted land

disposal units that received waste after July 26, 1982 (40 CFR Part 265

Subpart F, for interim status facilities). Subpart F requires that ground-

water be removed or treated in-place within a reasonable period of time when

a pre-determined performance standard has been exceeded at a point of

compliance (waste unit boundary). The performance standard may be defined

as background concentrations, a generic drinking water standard applicable

to all facilities (maximum concentration limits or MCLs), or a health-based

standard calculated on the basis of actual facility conditions (alternate
concentration limits or ACLs).

RCRA standards for closure of operating hazardous waste management

units are also related to establishing cleanup remedy standards for 3004(u)

corrective action. Many corrective actions are likely to involve measures

designed to control sources of contamination. RCRA closure regulations

specify how wastes in waste management units may be removed or

decontaminated or otherwise subjected to post-closure care requirements.

Although the concept of RCRA "closure" of operating waste management units

is in some ways different from cleanup of old, abandoned waste management

units or contaminated areas, the approach to regulating corrective action is

taken to be consistent with the principles of RCRA closure.
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EPA has not resolved how it will apply the CERCLA and RCRA corrective

action authorities. Many situations, at least over the short-term, can be

addressed by orders under either authority, thus leaving EPA with a choice

of tools. But, over the long-term, for active sites that will eventually

require a permit, the Administrator of EPA is required by Section 3004(u) of

RCRA to put conditions in the permit that require corrective actions to

address releases from SWMUs. Thus, even if all SWMUs that score above 28.5
on the HRS (or the required score on the new HRS replacement that SARA

requires) are addressed by DOE under CERCLA, DOE could later be required

under RCRA to address releases from any sites that did not qualify for the

NPL. Therefore, it is unclear for the present whether CERCLA or RCRA will

apply at uncontrolled DOE waste sites. This decision is one that EPA

Region X will most likely retain responsibility for making rather than

DOE.

The Washington State Regulations for Dangerous Waste (173-303 WAC) will

apply to all dangerous waste interim management units, dangerous waste

permitted waste management units, and units seeking a closure/post-closure

permit as a dangerous waste management unit. The corrective action

provisions under this regulation include groundwater monitoring corrective

action (interim and final status land disposal units) and closure
requirements (clean up contamination to background or close as a "RCRA"

landfill). These regulations are equivalent to 40 CFR 264.100, 264.112,

264.117, 265.93, 265.112, 265.117, and 265.118.

Corrective action of solid waste management units can only be mandated

by EPA under RCRA 3004(u). Any facility seeking a dangerous waste permit

(final status or closure/post-closure) will be subject to the corrective

action provisions of the 1984 RCRA amendments. EPA currently has sole

authority for the 3004(u) corrective action program. No states have been

delegated this authority. Under the EPA 3004(u) corrective action program,

special conditions will be included in the permit specifying remediation or

verification sampling to be performed and a schedule for the meeting these

requirements.
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In order to plan for addressing potential RCRA 3004(u) sites in
addition to CERCLA sites, a preliminary assessment was performed. The

statement of work for this assessment required the development of both a

characterization strategy for potential 3004(u) sites and a remediation

strategy. To develop the characterization strategy, a feasibility and

scoping effort was performed to identify the types of potential RCRA 3004(u)
sites from the inactive waste site or past spill information provided by
Westinghouse. As outlined in the statement of work, these sites were

evaluated to determine generalized facility types to serve as the analysis

base.

The characterization strategy involved evaluations of wastes managed at

specific sites and waste characteristics. This information served as the
basis of an assessment of the potential for past, present, or future release

of hazardous constitutents to the environment and an assessment as to
whether remediation may be required or whether verification of the absence

of releases or hazardous constituents through site characterization was a

potential action. The activities that might be performed with

characterization and the costs associated with these activities were

estimated.

The remediation strategy under the statement of work required two

alternatives be considered: (1) exhumation in all cases, and (2) one in-
place remediation technique for each type of site. In-place remediation
techniques were evaluated and one technique selected for each type of waste
site. The activities and costs associated with exhumation and the in-place
remediation techniques were described and estimated. Finally,

implementation schedules were developed for 3004(u) site characterization

and remediation.

The preliminary assessment presented in this section represents a site-

by-site analysis of characterization and remediation. Grouping sites

together on a more regional scale will realize significant cost savings and
will be more practical for characterization and remediation given the

complex waste management unit interactions at Hanford. These issues are
addressed in Section 4.
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This section presents the preliminary assessment of the RCRA 3004(u)

sites for budgetary costing and scheduling purposes. Section 3.1 describes

the feasibility and scoping effort. Section 3.2 presents the

characterization strategy. Section 3.3 presents the remediation strategy.

Section 3.4 presents the estimated manpower and scheduling requirements.

Section 3.5 describes support activities for characterization and

remediation. Section 3.6 describes data limitations associated with this

analysis.

3.1 FEASIBILITY AND SCOPING

Figure 3-1 presents an overview of the evaluation process used to

determine whether a waste management unit is potentially subject to RCRA

3004(u) and to determine the need for characterization or remediation

action. This section addresses the scoping process for determining which

inactive Hanford sites are potentially subject to RCRA 3004(u) corrective

action prior to the application of a characterization strategy and a

remediation strategy. The need for action evaluation is presented in

Section 3.2.

The scoping process consists of identifying sites that are subject to

RCRA 3004(u) corrective action. SAIC has reviewed the information provided

on inactive waste sites at the Hanford Reservation to determine the

potential applicability of RCRA 3004(u) corrective action requirements to

those sites. The information provided included inactive sites with CERCLA
HRS/mHRS scores less than 28.5, reactor buildings, other radioactively

contaminated structures, inactive waste management sites, past waste spills,

and areas denoted as having radioactive contamination.

In order to make each decision required in the process outlined in

Figure 3-1, certain criteria are used to examine available data. Criteria-

based evaluations are conducted at the following points:
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o Unit Used to Manage Solid Waste

Inactive waste management units, process units, material

storage areas, spill sites, and sites of contamination are evaluated
to determine whether the unit or site was used (or is now used) to
manage solid waste. This evaluation relies on the definition of
solid waste as presented in 40 CFR 261.2. Solid waste includes any

discarded material that is abandoned, recycled, or inherently waste-

like. Figure 3-2 presents a summary decision chart outlining the
process for determining whether a material is a solid waste. The

regulatory definition of solid waste excludes materials such as
domestic sewage; untreated sanitary wastes mixed with other wastes

for discharge to a POTW for treatment; point source discharges
regulated under the CWA; irrigation return flows; source, special

nuclear, or byproduct material subject to the AEA of 1954; materials

subjected to in-situ mining techniques; pulping liquors that are

reclaimed; and spent sulfuric acid used to produce virgin sulfuric
acid. These exclusions are presented in 40 CFR 261.4. It should be
noted, however, that units or sites containing mixtures of low level
byproduct materials and hazardous waste are considered to be units
used to manage solid wastes.

Another factor considered in the evaluation is whether the site is
any discernible waste management unit from which hazardous

constituents might migrate. This includes containers, tanks,
surface impoundments, waste piles, land treatment units, landfills,
incinerators, underground injection wells, recycling units,
wastewater treatment units, other treatment units, etc.

o Routine, Systematic, and Deliberate Spill/Release

Under certain circumstances, process units, waste lines, and other
facility activities or materials management units/systems may

potentially be subject to RCRA 3004(u). Spills and/or releases from

process units and production areas not associated with regulated

discharges or waste management units are potential candidates. In
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general, spills or releases from process/production areas and units

which are routine, systematic, and deliberate may be considered

further. This evaluation relies on engineering judgment and the

"pattern" and history of materials management or spill remediation

evident at the facility.

Criteria used in the evaluation include the frequency of spill

occurance, the period of time overwhich the practice occurred, the

immediacy of remedial action taken (e.g., in repairing active

leaks), and the alternative management or mitigation measures

applied to prevent environmental contamination. Some examples of

routine, systematic, and deliberate spills are: discharging

residual wastes from tank cars of railroad cars after the bulk of

the waste volume has been transferred; discharging residual product

chemicals (e.g., solvents, acids) after unloading the products into

process storage tank cars or railroad cars; spreading solvents or

waste oils for weed control; allowing line leakage to occur over an

extended period of time (months or years) without repairs; allowing

line leakage to occur over an extended period of time (months or

years) while collecting some of the leakage but not repairing the

line. In such cases, the concern is with continued releases to the

environment which subsequently provide a "source" for further

hazardous constituent release to the environment; if the discharges

occurred within a containment structure (such as a concrete trench),

then such discharges would not be subject to corrective action

although the trench could be so considered. As a whole, this

category of "units" excludes accidental spills from process or

production areas and excludes one-time or short term (days) spills

which would generally be addressed under best management practices

or the National Contingency Plan.

o Unit Contained Hazardous Constituents

A solid waste management unit (SWMU) is not considered subject to

RCRA 3004(u) corrective action unless it contained hazardous

constituents. Hazardous constituents are those identified in 40 CFR

3-9
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261, Appendix VIII or IX and also include the hazardous waste

characteristics of ignitability, corrosivity, reactivity, and EP

toxicity (as defined in 40 CFR 261.21-24). If available data are

insufficient to determine that a unit contained hazardous
constituents, then characterization action must be taken to make

that determination.

The sites identified as potential RCRA 3004(u) sites are listed in

Appendix D-1. Sites excluded from consideration are those that are active,

are part of a unit seeking a Dangerous Waste or Closure Permit, or are out
of the scope of this project as identified in the original Request for
Proposal. Also included in Appendix D-1 is a list of sites that have been

excluded from consideration and the basis for the exclusion. Additional

sites listed in the Appendix are those identified as not falling under the

jurisdiction of either RCRA or CERCLA.

Approximately 500 units or sites at the Hanford Reservation have been

identified as potential RCRA 3004(u) sites. Table 3-1 presents a summary of

the sites by Hanford area and by unit type. It should be noted that the
numbers on the table represent the number of sites and not necessarily the
number of individual units. For instance, a tank farm composed of 16

individual tanks is represented as one site and not as 16 individual units.

The data provided in Table 3-1 indicate that approximately 60 percent
of the 3004(u) sites are located in the 200 East and 200 West areas, with
approximately equal numbers of sites in each area. The data compilation
also indicates that trenches are the most prevalent waste unit followed by
cribs, tanks, diversion boxes, burial grounds, and french drains. These six
types of sites represent 54 percent of the total number of sites. Section

3.2 provides further refinement of the different types of sites into 15
generic types of sites for subsequent evaluation.
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3.2 CHARACTERIZATION STRATEGY

The characterization strategy has been developed based on identi-

fication of RCRA 3004(u) corrective action issues. Approximately 500

potential RCRA 3004(u) sites have been identified. These sites have been

identified by Hanford area (100 N, 200 east, 600, etc.) as an initial

grouping because of the generally distinct geographic distribution of the

sites within the Hanford area (see Appendix D-1).

3.2.1 Determining the Need for Remediation

Figure 3-1 presented an overview of the characterization strategy

process for evaluating the 3004(u) sites. This approach has been developed

based on the 3004(u) requirements outlined in Section 3.1. At a RCRA

3004(u) site, the need for action includes remediation or simply verifica-

tion of the absence of a problem (past, present, or future release; absence

of hazardous constituents; or residual contamination). No further action

may also be selected for a given site if no hazardous constituents are
present or where no present or future contamination problem is likely. A

site will require verification if it needs to be determined that:

o No hazardous constituents are present in the unit

o No release of hazardous constituents has/will occur

o No residual contamination remains from insufficiently

documented cleanups or past/present releases.

In each case, the characterization needs will differ largely in terms

of the extent of sampling or other information collection that may be

needed. Additionally, if sampling during characterization reveals that a

problem exists, the site would be shifted to a new characterization category

prior to remedial planning activities.

The need for action depends upon a number of factors. These include:

o Containment provided by the waste management unit itself in

preventing release to the environment
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o Past, present, or future adequacy of the containment provided

by the unit

o Nature of the wastes disposed (solid, liquid, gas) as an
indicator of the likelihood of transport in the subsur-
face environment

o Constituents of concern in the wastestream disposed and

their behavior in the environment (e.g., subject to

subsurface transport or partitioning in the vadose zone)

o Potential exposure hazards, potential media impacted, and

pathways of migration

o Evidence of past release to the environment and nature of

action taken

o Adequacy of data and documentation to support need for
action decisions or to demonstrate the absence of a
problem.

Overall, the need for action is a function of the release potential of a
unit and the waste constituents present in that unit. These two areas are
the basis of the characterization evaluations conducted. This evaluation
focused on the development of two matrices: a waste constituents matrix and
a need for action matrix. These matrices and the supporting evaluations are
described in more detail in the following sections. The purpose of these
evaluations is to assess potential characterization needs to establish
budgetary needs and timeframes.

3.2.1.1 Waste Constituents Matrix

Each site was evaluated to determine the type of unit involved
(function and structure) and the characteristics of the wastes/materials
present. The analysis proceeded on a site-by-site basis within a given
Hanford area. Tables 3-2 through 3-15 present the waste constituent
matrices completed for the inactive RCRA 3004(u) sites that have been
identified in the following areas: 100 B/C, 100 D/DR, 100 F, 100 H,
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KEY TO TABLES 3-2 TO 3-15

Site Type Code (Column two of the Waste Constituents Matrices)

A - aboveground covered landfill

B - aboveground uncovered landfill

C - belowground covered landfill

D - belowground uncovered landfill

E - surface impoundments

F - ditches

G - underground dispersion systems

H - aboveground tank

I - underground tank
J - spills

K - underground vault

L - burning pit

M - incinerator

N - process sewer

0 - other

DH Codes

A = acid

B = base

Y = corrosives present but type could not be determined

Other Codes

? = presumed

ND = no data
NS = not suspected

3-14
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100 KE/KW, 100 N, 200 North, 200 West, 200 East, 300, 400, 600, 700, and

1100. The codes used in the matrices are presented in a key preceding 14

tables and on the matrices. These data are subsequently used to evaluate

release potential and to identify potential remediation/characterization

needs for each site.

The waste constituents matrices completed include the identification

of a general type of designation for each site listed as a potential RCRA
3004(u) site (i.e., landfill, surface impoundment, underground dispersion
system, aboveground tank, etc.). This preliminary determination was made to

enable later site groupings, and to develop generalized units descriptions
for each unit type to enable remediation and characterization costings to be
performed. The waste constituents analysis focused on the type of waste

placed in the unit. This included "checkoffs" for whether the waste source
and constituent chemicals were specifically identified; identification of
chemical components (organics, volatiles, inorganics, metals, pH);
identification of radionuclide components (fission products, other

radionuclides, residual radioactivity); waste volume disposed; and
identification of the nature of the waste (solid/hazardous waste, mixed
waste, or radioactive only waste). These data serve to identify the nature
of the wastes disposed/released and, in a broad sense, a summary of their
potential behavior in the environment.

In evaluating the waste constituent matrices, nonradioactive chemical

characteristics were evaluated separately from radionuclides. The chemical

characteristics focused on identifying basic components of the wastes
managed and disposed that move differently or "behave" differently in the
environment. As mentioned above, these components are: organics,
volatiles, incorganics, metals, and pH. Metals (as a chemical component)
did not include radionuclides that are also metals (e.g., uranium).
Radioactive components were addressed in a separate analysis. pH was

included in the evaluation because the disposal of acidic or basic materials

can substantially alter behavior of other components in the environment

(e.g., metals mobility). Radionuclides were identified as being fission
products or other radionuclides. Fission products included strontium,
cobalt, and cesium while other radionuclides included uranium and plutonium.
The comments section of the matrices notes where tritium is included as

"other" radionuclides.
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Exhumed sites were evaluated as if the wastes were still present for
the purposes of waste characterization. The release potential evaluation
conducted subsequent to this step considers the fact that the wastes, as a
source of continuing release to the environment, have been removed.

3.2.1.2 Release Potential and Need for Action Matrix

Each site was evaluated for its release potential, i.e., the past,
present, or future potential for release of hazardous constituents to the
environment from the unit in question. This evaluation addresses releases to
soil, groundwater, surface water, and air as well as the generation of
subsurface gas (toxic or methane). This information serves as the basis for
determining the need for action as well as site groupings. Sites that are
in the same vicinity and affecting the same pathways could be grouped
together.

The release potential analysis is a best professional judgement
analysis that considers the following factors:

o Unit Characterizations

- type

- design features

- past and present operating practices
- period of operation

- age of unit
- location of unit
- general physical conditions
- method(s) used to close the unit

o Waste Characteristics

- type of wastes/materials placed in the unit
- migration and dispersal characteristics
- physical and chemical characteristics

3-39



Draft September 3, 1987

o Migration Pathways

- geologic setting

- hydrogeologic setting

- atmospheric conditions

- topographic characteristics

o Evidence of Release.

Under RCRA 3004(u) programs, exposure potential is considered only in
determining if immediate action should be taken. In accordance with the

Statement of Work, the characterization assessment proceeded on the basis of
approximately 2000 pages of information from the Draft Phase I Installation

Assessment Report and the Waste Management Units Report.

Tables 3-16 through 3-31 present the release potential and need for
action matrices for the following areas: 100 B/C, 100 D/DR, 100 F, 100 H,

100 KE/KW, 100 N, 200 North, 200 West, 200 East, 300, 400, 600, 700, and
1100. The codes identified on the matrices are defined in the key

associated with each matrix. The comments column presents a brief summary

of key information or technical issues that affected the decisions presented
in the matrix.

A preliminary assessment of the need for action at each site has been
performed to provide a basis for the costing analysis. A final
determination on remedial action cannot be made until the completion of the
formal remedial investigation/feasibility study process. The need for
action is defined for each site. There are five categories of action
identified for the inactive 3004(u) sites: remediation, verify no release,
verify no hazardous constituents, verify no residual contamination, and no
further action. Remediation is selected where the waste constituents are
particularly toxic, are affecting a broad spectrum of media, are continuing
to be released in the environment, or pose a hazard which may be eliminated
or reduced by taking action. This will involve characterization of the site
in question and will generally follow the RI/FS process for CERCLA sites

except that cost will not be a factor of the analysis for the RCRA sites.

Verification of no release is selected where wastes remain in place but no

release to the environment is believed to have occured either through the
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KEY TO TABLES 3-16 TO 3-29

The three-digit codes shown in Column Two (Site Code) of the Release
Potential and Need for Action Matrices represents the following:

First digit - Need for Action code
1 - Remediation

2 - Verify No Release
3 - Verify No Hazardous Constituents
4 - Verify No Residual Contamination

Second digit - Type Type Code

A - aboveground covered landfill
B - aboveground uncovered landfill
C - belowground covered landfill
o - belowground uncovered landfill
E - surface impoundments
F - ditches

G - underground dispersion systems
H - aboveground tank
I - underground tank
J - spills
K - underground vault
L - burning pit

M - incinerator

N - process sewer

0 - other

Third d

Q
M
R

igit - Waste Types
- Solid Waste/Hazardous Wastes
- Mixed Radioactive/Chemical Wastes
- Radioactive Waste Only
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TABLE 3-20 100 KE/KW RELEASE POTENTIAL AND NEED 
FOR ACTION MATRIX
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TABLE 3-20 100 KE/KW RELEASE POTENTIAL AND NEED FOR ACTION MATRIX (continued)
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TABLE 3-23 200 W RELEASE POTENTIAL AND NEED FOR ACTION MATRIX
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oI.o.ooo.)o,. 0,)..-

0. 0 .) 1 .,,) boou 0.0)0 1i eI

.1. U 0)0. cilON 0 .1

.200. 0)0.r) 0.1 Ia 00.)I

si s t u i t ultm ant
i . "I- -- ''I i 3 a..it b..lv. Male

2sOS o). 1- 0.0., ! 1. 1 S

0000,-dm, s 5 <d..a. 0.0,0)a N pro'..o .0.0 0 tuor.. r a i n

11., a $ a i e i F 0 . . .I i i " t14, a .a h... - t.-l
6:eneses .ms.lane a 6 vm dihiratures at on

Y

:-

i

it4 .I
y

4

ai
i:i V 2

P
HU s * %:*

toooII)000 o415 l8. 0100,0111w N ili-t N .Ai 1

1I I . I 000010 0 '

0,0 1 .50,) -'l

o))o01 c.,dOo,
.I t00 IONI) 0I 001 r "'S I U.1hlI .'

:1 It. I IL 'IIS )A%) 
0

s .k )l ) IIO'I"I

NOONdti 0 1O,0 10 ON), 0)IdtU IONO I o l .oS 40ro l

ON)) kID. -S .t 10). 1 .0401,N U '. 1 -

.INI4A 1010)0i(J 10,000 ON.NI1lIOO 0iu~t o10OII0 0',a 0.0),

U11 0 1 1 I.- 1.,0 00 0 I )

000 II, 101.000 0.000 . ) 0 00 ) IlN II

1 1) 1 . 1 1 o111 INI)OO)). N I))0. I)

IU0 i .. . ... E d l i a t i .. .

1n
/6
/9
Ul
d.
Ul
NO
Ul
d/
h
M
li

11 Ir e j
li a

. -11 li la
-il la 'll
. A l> n.
.1 11 101

.I a a 11

.S.
Ira

.I
a

te

et
b

e

/,5 .. a
6565

...

*

1 it i
9 1
U'

- uj

.- N

I a
1

US
b

5



69-C

III

§ I I a I A I I

q G-

U U IIOl ;, Is N a i

i rlg
- - i

S a a ,
'2

I *- U

7h 7 *

.. .. .. .. . .. .. .. .

a

tir

a 9

5

I K

. - -

i i
- -7-

3 N 2 23

i

0

3331 C 1*13 ~ 11

~ I
& ~ +z + ~

- S - :1
* ~ ~ K

~ :.,
In ~4 .**~

I -.

i

3333 3~ 33 3333

II

I.
i

S.

'Ii.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
U
I

it
Q i

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

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



1

II Ije
'C C- -

I!Fr

'K

a

I

r

I

i
4

WI

I

- - - a a -

I ii

I * i

It A

I -

r

I xn

------ - -- 

.1

IR~

Eii

ajy

a

I

r-
I-

r)

r%)
CA)

C

rn
L/,

-.
M

0

C>

-4

m

C-

CD

CL

U
I
I
U
£
I
I
I
I
U

>3
I
I
I
3
I
5
I
U



TABLE 3-24 200 N RELEASE POTENTIAL AND NEED FOR ACTION MATRIX
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TABLE 3-27 600 AREA RELEASE POTENTIAL AND NEED FOR ACTION MATRIX (continued)
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Draft September 3, 1987

construction of the unit or the nature of the wastes or both. Verification
of no hazardous constituents is selected where a solid waste generally

posing little threat (such as sanitary wastewater) may have served as a
source of release of hazardous constituents based on the nature of the
operations served. Verification of no residual contamination is selected
where action has been taken to remediate a release to the environment but
documentation of findings is incomplete or chemical contamination from a
mixed waste spill does not appear to have been adequately assessed/addressed
by the actions identified. The time period over which the site was used,
the volume of waste disposed, and the time since last use of the site were
all considered in making these assessments.

The final activity in evaluating the need for action was to code each
site based on the waste type and action area identified. The three digit
code appears under the column "Site Code." This three digit code allows
identification of each site's need for action and was used for additional
site sorting and for prioritizing sites. Scheduling site priorities for the
master characterization and remediation schedule.

The first digit of the code refers to the need for action; this code
is a numeric code assigned as follows:

1 = Site requires remediation (and characterization prior to

remediation)

2 = Site requires verification of no release

3 = Site requires verification of no hazardous
constituents

4 = Site requires verification of no residual contamination
5 = No further action required.

The code was assigned to reflect the most to least "pressing" status of a
unit.

The second digit of the code refers to the unit type. Each site in an
area received an alphabetic code designating the unit type. The inactive
sites present at Hanford cover a wide variety of designs, but many of them
function in the same general manner for waste disposal or dispersion and can
thus be grouped into distinctive "types." These unit type codes have been
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developed to uniquely identify sites based on construction, operation, and

environmental releases as a result of operations in order to select one "in-

place" remediation technique for that situation. The codes developed for

each type of unit are as follows:

SOLID WASTE SITES

o A - aboveground covered landfill

o B - aboveground uncovered landfill

o C - belowground covered landfill

o D - belowground uncovered landfill

LIQUID WASTE SITES

o E - surface impoundments (includes large bottom percolation

systems, ponds, etc.)

o F - ditches (includes bottom/side dispersion systems-ditches, small

trenches)

o G - underground dispersion systems (french drains, tile

fields, cribs)

o H - aboveground tank

o I - underground tank

o J - spills

MISCELLANEOUS

o K - underground vault

o L - burning pit

o M - incinerator

o N - process sewer

o 0 - other.

In this designation system, "covered" landfill is defined as a landfill or

waste pile where some material has been placed on top of the wastes (soil,

gravel, ash, etc.) rather than an engineered structure. "Uncovered"

landfill is defined as a landfill or waste pile in which the wastes are
exposed.

The third digit of the site code refers to the nature of the waste

managed in the unit. The code is an alphabetic code assigned as follows:
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Q = solid/hazardous wastes = nonradioactive wastes

R = radioactive waste = does not include chemical wastes
M = mixed wastes = wastes with both chemical and radioactive

components.

Appendix D-2 presents a listing of the potential RCRA 3004(u) sites by
Hanford Area. The sites in each area are sorted by the need for action

code.

3.2.3 Characterization Costing Strategy

As described above, potential RCRA 3004(u) sites have been matched to
one of the following four categories:

o Verify no residual contamination

o Verify no hazardous constituents

o Verify no release

o Characterize for remediation.

In order to develop costs for the potential 3004(u) sites, the following
strategy was applied:

1. Segregate sites on the basis of the Hanford Area by hydrogeologic
setting (nearby or shallow groundwater versus distant or deep
groundwater). The distance to groundwater will impact the depths
of groundwater monitoring wells or soil borings and thus, their
costs, schedule time, and manpower requirements.

2. Estimate the dimensions of a generalized Hanford unit for each of
the 15 types of units identified (A-0). Sampling and remediation
strategies can then be applied to these generalized units for

costing purposes.

3. Develop a sampling strategy for each of the four characterization
categories.

4. Estimate sampling and characterization costs.
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The following sections address each of these steps in further detail.

3.2.3.1 Classification by Hydrogeologic Setting

The potential 3004(u) sites requiring action were sorted into two

groundwater regions. Table 3-30 presents the sites located near shallow

groundwater (average depth to groundwater, 40 feet) or deep groundwater

(average depth to groundwater, 245 feet). Tables 3-31 and 3-32 summarize

the number of each type of potential 3004(u) summarize the number of each
type of potential 3004(u) site in each characterization category within each

of the two hydrogeologic settings.

At sites located in the region of shallow groundwater, it is assumed

that liquid contaminants released on land infiltrated the sandy soil and
were transported through the vadose zone to the aquifer. Once reaching the

aquifer, groundwater flows towards the Columbia River transporting

contaminants to the River. The shallow groundwater region is located

nearest to the Columbia River and includes the 100 areas, 300 area, sections
of the 600 area, the 700 area, and the 1100 area.

At sites located in the region of deeper groundwater, it is assumed
that, in general, contaminants precipitate or absorb to the soil particles

in the upper ten to forty feet of the soil column. Additionally, in the

deep groundwater region, a caliche layer and clay lenses exist which could

promote lateral spread of contaminants. Vadose zone and groundwater plumes

of contamination are expected. Sampling data for some sites have shown
contaminants at 130 feet below surface as well as groundwater contamination.
The depth required for soil and groundwater sampling are far greater for
this area than the shallower areas, will require deeper sampling, and will

have a greater cost. The deep groundwater region includes the 200 areas,
the 400 areas, and some of the 600 area sites.

The 600 area sites were divided into deep or shallow groundwater sites
based on location. Appendix D-3 provides a listing of the 600 area sites by
hydrogeologic setting.
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TABLE 3-30 DISTRIBUTION OF WASTE UNIT TYPES IN AREAS WITH SHALLOW VERSUS DEEP GROUNDWATER

SHALLOW DEEP
UNIT TYPE (CODE) GROUNDWATER GROUNDWATER TOTAL

AREA AREA

Aboveground covered landfill (A) 1 0 1

Abovegound uncovered landfill (B) 0 1 1

Belowground covered landfill (C) 41 31 72

Belowground uncovered landfill (D) 0 2 2

Surface impoundments (includes large bottom
percolation systems, ponds, trenches, etc) (E) 10 77 87

Ditches (includes bottom/side dispersion
systems) (F) 2 8 10

Underground dispersion systems (french
drains, tile fields, cribs) (G) 54 76 130

Aboveground tank (H) 9 9 18

Belowground tank (I) 20 98 118

Spills (J) 5 8 13

Underground vault (K) 1 8 9

Burning Pit (L) 8 2 10

Incinerator (N) 0 1 1

Process Sewer (N) 1 1 2

Other (0) 4 2 6

TOTAL 156 327 480
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TABLE 3-31 DEEP GROUNDWATER SITES

Unit
Type

A

B

C

D

E

F

G

H

I

J

K

L

M

N

0

TOTAL

1

130

Verify No
Hazardous

Constituents

Verify No
Residual

Contamination

13

60

2

42

3

4

3

2

1

7

3

14

Verify No
Rel ease

1

9

1

1

4

44

1

4

1

1

67

Characterize
for Remediation

6

1

16

6

26

5

51

3

1

1

116

Total

0

3

Includes the following Hanford Areas: 200 East, 200 West, 200 North, 400
and 600 (some)
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1

31

2

77

8

76

9

101

8

8

2

1

2
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TABLE 3-32 SHALLOW GROUNDWATER SITES*

Unit
Type

A

B

C

D

E

F

G

H

I

3

K

L

M

N

0

TOTAL

Verify No
Hazardous

Constituents

Verify No
Residual

Contamination

10

1

25

5

2

1

6

1

51

4

Verify No
Rel ease

1

27

1

4

6

1

3

29 44

Characterize
for Remediation

3

1

21

32

Includes the following Hanford Areas: 100 B/C, 100 D/DR, 100 F, 100 H,
100 KE/KW, 100 N, 300, 700, 1100, and 600 (some)
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1

7

2

8

8

4

1

Total

1

0

41

0

10

2

54

9

20

5

1

8

1

4
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3.2.3.2 Generalized Hanford Units

The next step in the characterization process was to develop a method

to group all of the potential RCRA 3004(u) sites into a generic

classification system based on the fifteen types of sites identified in

Section 3.2.1. Providing a characterization and remediation cost for

individual units was beyond the scope of this work. Therefore, generalized

Hanford waste units were developed to represent the identified 3004(u) waste

sites.

For each of the 15 sites, a generalized unit was developed from the

data provided for actual Hanford sites. Two methods of data analysis were

used: (1) if the number of sites within a given type of site is less than

20, then all sites were considered in the analysis; (2) if the type of site

contains more than 20 sites, approximately only ten percent of the sites,

chosen randomly among all areas of the Hanford Reservation, were considered

in the analysis.

The characteristics of the generalized Hanford unit, such as the

dimensions of the structure, method of waste emplacement, average service

life, etc., were developed on the basis of the selected units within that

type of site. For example, the dimensions of the generalized surface

impoundment are calculated as an average of the dimensions of the

impoundments selected under a type "E" site. Descriptions of the

generalized Hanford units developed for each type of site are provided in

Appendix C.

3.2.3.3 Characterization Techniques and Unit Costs

The methodologies used to characterize sites include reviewing

historical data and documentation for the sites, waste unit sampling, soil

sampling, and groundwater monitoring. These techniques have been selected

as appropriate because these represent the basic characterization techniques

used in the RCRA 3004(u) program and in RCRA closure and groundwater

corrective action programs.

Table 3-33 summarizes the type of characterization technique(s)

selected for each different characterization activity. In most cases, the
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Characterization
Categories

Verify no residual
contamination

Verify no hazardous
constituents

Characterization Techniques

File
Search

x

x

Verify no release X

Characterize for X
remediation

Sample
Waste

Unit

x

Soil
Sampl ing

x

x

x

TABLE 3-33 CHARACTERIZATION TECHNIQUES

Groundwater
Sampling

x
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same series of techniques may apply to more than activity because the

characterization issues are similar. In order to estimate costs for

characterization, the techniques noted in Table 3-33 were applied to the

four categories of characterization for each generalized Hanford unit (as
appropriate). These form the basis of the characterization cost estimates.

For all sites, the file review is recommended because it is an

inexpensive method of obtaining data that can facilitate hazardous

constituent release and residual contamination determinations. It may also

assist in determining whether hazardous constituents are present without

requiring sampling. This information also contributes to development of

sampling and analysis plans and health and safety plans for field
activities.

Sampling the actual waste unit is recommended only to make

determinations that no hazardous constituents are present.

Soil sampling with a minimum number of four samples per site, is

recommended for sites requiring characterization to verify no residual
contamination, to verify no release, or to remediate.

Groundwater monitoring using minimum well configurations of at least

one upgradient and three downgradient wells is recommended only for sites

that will be undergoing remediation. Soil sampling is adequate to make

further decisions on sites designated as requiring verification.

Table 3-34 presents an overview of the verification process based on

the type verification sampling conducted. A site match into one of the

categories (I, II, or III) identified in Table 3-34 as described above. The
outcome of verification is to further refine the separation of sites into

those that are not subject to RCRA 3004(u) that require no further action,

or that require remediation. Sites identified as potentially requiring

remediation will undergo an RI/FS process similar to that for CERCLA sites.

The details of the characterization techniques and the basis for

estimating the number of samples, borings, or wells for each generalized

Hanford unit are described below.
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TABLE 3-34 NEED FOR ACTION (VERIFICATION PROCESS)

I. Verify no hazardous constituents are present

A. If present, evaluate release potential and determine additional

need for action

B. If not present, site not subject to RCRA 3004(u)

II. Verify no release of hazardous constituents occurred

A. Sampling program should include the following

1. sampling to verify release of hazardous constituents

2. sampling to determine levels of residual contamination

3. evaluations of potential future release that may require

additional investigation as part of this effort.

B. If no contamination is found and there is no potential for future

release, then no further action is required

C. If no contamination is found and there is potential for future

release, then remediation must be performed to prevent future

release

D. If contamination is found, then remediation must be performed to

address residual contamination

III. Verify no residual contamination remains from past/present releases or

insufficiently documented cleanups

A. Sampling program should include the following

1. sampling to verify no residual contamination remains

2. sampling to determine residual levels of contamination

3. evaluations of potential future releases that may require

additional investigation as part of this effort

B. If no contamination found and there is no potential for future

release, then no further action is required

C. If no contamination is found and there is potential for future

release, then remediation must be performed to prevent future

release

D. If contamination is found, then remediation must be performed to

address residual contamination.
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Evaluation of Existinq Data

Characterization of all sites first requires a review of the

information available in incident reports, historical documentation, and

other file materials to provide current sampling data, sampling and
analytical records on decontamination or cleanup, engineering diagrams of
waste flows, and waste constituents. Investigators compile the data to

determine the adequacy of the data and documentation to support the
development of remedial actions or to demonstrate the absence of a problem.
This review may determine the need for additional environmental monitoring

and would facilitate development of a sampling and analysis plan and a
health and safety plan.

Sampling plans need to be developed for the inactive waste sites

designated for verification of no release, verification of no hazardous
constituents, and verification of no residual contamination. These plans

should be developed on a site-specific basis (or within a grouping) so that
the media affected and the techniques employed are most appropriate to the
site situation and configuration. The sampling plans should identify the

purpose of the study, the media to be sampled, the sampling locations,

sampling and decontamination techniques, data management and sample chain of
custody requirements, analytical parameters selected and health and safety
requirements. The sampling programs should be geared towards documenting

that there is no problem. If contamination problems are encountered, then

the site will need to be re-evaluated for further action.

Similar sampling and analysis plans would be developed for sites being
characterized for remediation. However, the focus of these plans would be

in determining the nature and extent of contamination and to obtain data

needed for a feasibility study.

For the purpose of developing characterization costs, this technique is

assumed to cost ten percent of the total characterization cost to a maximum

of $100,000. The costs associated with developing remediation activities
are not included in this cost.
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Waste Unit Samplinq

Sampling the actual waste unit is recommended only to make
determinations that no hazardous constituents are present. The cost of
sampling the waste unit is assumed to result from analysis of three samples
for constituents from the full RCRA 40 CFR 261 Appendix VIII or IX scan. For
most units, this technique requires sampling and analysis of residual waste;
however, for incinerators, since sludge is not present, the sample is a wipe
from the incinerator facility and the sample frequency is increased to ten
samples.

The cost of sampling the waste unit is estimated a $7,000 per sample.
However, for underground units where drilling and soil removal is necessary
to sample the site, the cost is increased to $8,700 per sample to cover the cost of
drilling down to the the wastes. The increased cost results from the cost
of drilling to a depth of 20 feet from the surface at an average cost of $85
per foot of drilling to extract a sample. The only units for which the
$8,700 per sample cost applies are underground landfills.

Groundwater Monitoring

Groundwater monitoring wells are used to characterize groundwater
quality, determine the absence of contamination, and, where necessary, the
extent of contamination.

For this characterization strategy, wells are considered to be placed
in a configuration that includes one upgradient well and three downgradient
wells per site. This is based on the RCRA Groundwater Monitoring Technical
Enforcement Guidance Document and the requirements of 40 CFR 264.90, as well
as Washington State regulations WAC173-304-490 and 173-160. Well spacing is
estimated at 150 feet between wells based on the EPA guidance for RCRA
groundwater monitoring. The actual configuration of wells onsite may vary
from this general configuration because sites which are adjacent to one
another may need to be considered as one larger site for site
characterization. Site size (small, large) will also affect the actual
spacing.
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Groundwater monitoring using minimum well configurations of at least

one upgradient and three downgradient wells is recommended only for sites
requiring characterization for remediation.

In order to develop costs for characterization, each type of site was

be assumed to have a one upgradient and three downgradient wells spaced at
150 feet. Based on this, it is assumed that the numbers of wells should be
increased if the longest dimension of the unit is greater than 400 feet.

The following formula was used to determine the numbers of downgradient

wells for generalized Hanford units with a length or width dimension greater

than 400 feet:

length of largest side + 1
150 ft

The number of upgradient wells are calculated as 1/3 the number of

downgradient wells. It is also assumed that the direction of groundwater

flow is through the shortest dimension of the site (i.e., the longest side

is oriented perpendicular to groundwater flow).

In order to determine the costs associated with groundwater monitoring,
it was assumed that one groundwater sample was collected from each well at a
cost of approximately $7,100 per sample. The monitoring wells were assumed
to be installed ten feet into the aquifer resulting in well installation

depths of 50 feet (shallow groundwater areas) and 255 feet (deep groundwater

areas). The costs for monitoring well installation are presented in Section
2. When adding this cost to the cost of sampling, a total cost (rounded) of
$12,200 for shallow areas and $33,200 for deep groundwater areas was
obtained and used for calculating the costs of groundwater monitoring.

Exceptions to the above strategy for site characterization occur for
several generalized Hanford units. For incinerators and aboveground tanks
(site type M and H) which required characterization for remediation,
groundwater monitoring was not applied because contamination is expected to
remain in the enclosed building housing the tank or in soil and not reach
the groundwater. The same strategy was applied to the process sewers (N)
and the units categorized as "other" (0, primarily wastewater pumping
stations), because these units are expected to consist of pipes in buried
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units or trenches which do not have as high potential for liquid waste

releases to groundwater as to soil. Additionally, groundwater wells spaced

at 150-foot intervals around such a large site would be excessively

expensive while providing proportionately little additional data. Soil

borings were used to replace soil samples from the monitoring wells for
process sewers (N), aboveground tanks (4), and other units (0). For the

exceptions listed above, the characterization costs were adjusted

accordingly.

Soil Sampling

Soil sampling, where soil borings are collected at least on each of the

four sides of the site, is recommended for sites requiring characterization

to verify no residual contamination, to verify for no release, or
characterize for remediation.

For sites identified for remediation, soil core monitoring or soil

sampling during monitoring well installation will be used to determine
whether contamination is present in the uppermost soil column onsite, or to

determine if contaminants remained onsite or have been released. The

constituents to be monitored include the full scan of RCRA 40 CFR 261
Appendix VIII or IX constituents.

Soil samples collected during groundwater monitoring well installation,
in the deep groundwater areas, are collected at five-foot intervals to a
depth of 255 feet, which is ten feet below the groundwater table. Samples
in the shallow groundwater areas are collected at two-foot intervals during

monitoring well installation. Soil samples collected from monitoring wells

include 28 samples from shallow wells and 56 samples from deep wells. The

unit costs of soil sample analysis during groundwater monitoring well
construction are $7,000 per sample. These costs are based on the sampling

cost data provided in Section 2.
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Soil borings in areas where groundwater monitoring wells are not

included in site characterization are placed according to the length of the
perimeter of the unit, as follows:

o Up to 500 feet, every 50 feet on each side

o Greater than 500 feet, every 100 feet on each side.

In the shallow groundwater areas, soil boring samples are collected
every two feet to a depth of 30 feet. In the deep groundwater areas where
liquid wastes are disposed, samples are collected every two feet to a depth of
100 feet and for dry waste sites every two feet to a depth of 50 feet. The
sites which are considered "liquid" sites are those where a substantial
amount of liquid was placed over the life of the unit and include: surface
impoundments, ditches, and underground dispersion systems. Spills were not
included as liquid sites.

In addition to the samples specified above, an increase in the sample

numbers by ten percent was applied for all soil samples in order to account
for duplicates and spikes for the analysis. Therefore, for soil borings in

-the shallow area, 17 samples are collected per boring. From soil borings in
the deep groundwater area at units which contained liquid waste, 55 samples
are collected per boring; in non-liquid units, 28 samples were collected
per boring.

The cost of obtaining and analyzing samples from soil borings is
approximately $7,100 per sample (refer to Section 2 for development of these
costs).

The following exceptions to the above-described monitoring strategy
were identified applied:

o For ditches (F units), the number of borings to be completed to
verify for no release and verify for no residual contamination for
the generic site was decreased because of the large size of the
generalized Hanford (over 2,000 feet). This would require 82
borings under the strategy presented above. The unit is not very
wide, so it was determined that half as many borings would provide

adequate data. A strategy of alternating sampling locations over
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100-foot intervals on either side of the site was chosen for an

overall interval of 200-foot spacing between borings. One boring

on each end of the ditch was also included.

o For verifying no release in aboveground tanks (H), the soil

samples are to be taken at two-foot intervals to a depth of 6 feet

in each boring.

o For the "other" category (0), soil sampling was determined to be
needed only to a depth of 30 feet in the shallow and deep
groundwater areas because the potential for liquid release is low.

o Soil monitoring at the incinerators (M) to verify no release will

be replaced by collecting ten wipe samples of the incinerator.

o For characterizing process sewers (N) for remediation, soil

sampling was applied to a depth of 30 feet at two-foot intervals

instead of using monitoring wells.

o For spills (J), a soil sampling depth of 20 feet was determined to

be adequate to characterize for no release and no residual

contamination.

For each of the above-listed bullets the characterization cost estimate
has been adjusted accordingly.

Other Methods

Other methods of site characterization are applicable to the waste
management units on a case-by-case basis, but it is beyond the scope of this
project to apply these methods to the generic sites in calculating the costs
for characterization in this section. Other potentially applicable site
characterization methods include test pit excavation for direct observations
of subsurface conditions; piezometer installation and monitoring; soil gas
sampling and analysis; grab sampling of air, wastes, surface soils, surface
water and/or sediments; remote sensing; aquifer tests; modeling; aerial
photography; long-term groundwater monitoring; and infrared imagery for
identifying areas of vegetative stress or contamination.
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3.2.4. Summary of Characterization Costs

The process for estimating the characterization and remediation cost
for the 3004(u) sites consists of the following steps:

(1) For each waste site type, develop a generic waste unit description
and dimensions (entitled "generalized Hanford unit)..

(2) Identify the number of units associated with each generalized
Hanford unit.

(3) Apply the generic characterization strategy methodology to each
generalized Hanford unit.

(4) Apply the unit costs to all sites each generalized Hanford unit
with each characterization category, and obtain an estimated total
cost for all sites.

For each Hanford area, the number of waste units within each type of
waste site are counted and the results were listed earlier in Table 3-30. A
detailed description of the generalized Hanford units and the numbers of
samples required under the characterization strategy are presented in
Appendix C.

Tables 3-35 and 3-36 present the estimated costs for characterization
of the RCRA 3004(u) sites. Table 3-35 presents the costs for sites located
in shallow groundwater areas while Table 3-36 presents the costs for sites
located in the deep groundwater areas. The costs are developed based on the
type of characterization anticipated (verify no residual contamination,
verify no hazardous constituents, verify no release, or remediation). The
characterization cost for the shallow groundwater area sites $166 million.
The characterization cost for the deep groundwater area sites is $1.07
billion. The total characterization cost for the RCRA 3004(u) sites is
$1.24 billion on an individual site basis. Reductions in these costs
through site groupings are addressed in Section 4.
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TABLE 3-36 CHARACTERIZATION COSTS FOR DEEP GROUNDWATER AREAS
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20 1,120 8.604,000 51,624,000

4 224 1,800.800 46.620,800

0 16 125,9OD 625,000

4 224 1,800,800 239,506,400

4 224 1.800,800 86,438.400

4 224 1.800,800 5,402,400

4 224 1,800,800 1,800,800

0 0 0 0

0 0 0 0

0 714 5,098,000 5, M.000

0 0 0 0

407.012.600
1,072.133,300
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3.3 REMEDIATION STRATEGY

The process and criteria used to select a remedial alternative for a
3004(u) site is essentially the same as that for a CERCLA site. Under
current EPA policy and guidance, a SWMU requiring corrective action will
undergo an RI/FS process. The basic difference in the selection process
involves the cleanup criteria and cost.

Under SARA, CERCLA site cleanups must comply with ARARs. The RCRA
program does not have this requirement. Therefore, RCRA actions at this
time must be consistent with the RCRA cleanup standards under the closure
standard, groundwater corrective action, and land disposal prohibitions.
The closure standard requires that a site be cleaned up to background
concentrations or closed in compliance with the closure and post-closure
requirements for a RCRA landfill. Groundwater corrective action requires
cleanup to background concentrations or generic drinking water standards
(such as MCLs) applicable to all facilities. Health-based standards
specific to the situation (alternate concentration limits or ACLs) may be
proposed for site closure or groundwater corrective action. The land
disposal prohibitions require that wastes to be disposed into "land" units
(such as a new landfill constructed as part of a remedial action) must meet
certain concentration limits or disposal is not allowed.

As the RCRA program currently stands, cleanup to background
concentrations is the established requirement with which corrective actions
must be consistent. Allowances are made to pursue other standards (MCLs and
ACLs, as identified above) as an alternative, but this would be made on a
case-by-case basis through submission of data and negotiation with the State
of Washington and EPA Region X.

It should be noted that one approach under consideration in
promulgating the RCRA corrective action regulations is for EPA to establish
health-based cleanup target levels in each medium. The draft regulations
are currently being prepared and EPA's commitment to this alternative is not
yet established.

Another area of difference between RCRA 3004(u) and CERCLA cleanups is
that cost is not a factor in selecting remediation at 3004(u) sites. All
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other factors identified in Section 2 regarding the cost-effectiveness

evaluation would still apply.

Section 3.3.1 provides an overview of the remediation strategy.
Section 3.3.2 discusses the in-place remediation techniques identified for
the inactive sites. The technologies selected and the basis for the
selection are also identified. Section 3.3.3 discusses the exhumation
alternative and the assumptions made regarding the applicability and
implementation of the technique to the Hanford sites. Section 3.3.4
presents the unit costs associated with each remediation technique and
activity. Section 3.3.5 presents a summary of the potential remediation
costs for the RCRA 3004(u) sites.

3.3.1 Overview of the Remediation Strateqy

The remediation strategy has been developed based on identification of
remediation techniques suitable to the types of sites identified in the
characterization effort as potentially requiring remediation. The Statement
of Work for this project required that exhumation be considered in all cases
and that one applicable in-place remediation technique be selected for each
type of unit. Together, these two techniques, on a site-by-site
basis, are assumed to provide the range of effort and cost required to
address site problems.

Approximately 70 remediation techniques are available to remediate RCRA
3004(u) sites. These are listed in Appendix A. Of these, fifteen were
selected as potentially applicable techniques at Hanford for the purposes of
developing budgetary estimates. To identify the potential remediation
techniques to be applied to the generalized Hanford units, a broad
engineering analysis was performed which included review of available
remediation techniques by SAIC engineers and geologists. The criteria for
selecting potentially applicable remediation techniques included cost,
manpower requirements, equipment requirements, and release/dispersal effects
in the local hydrogeologic settings. The remedial technique or combination
of techniques that will actually be implemented will depend on the results
of an engineering feasibility study ultimately conducted for each site.
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3.3.2 Selection of In-Place Remediation Techniques

In-place remediation techniques are defined in this report to include
remedial actions that generally do not require the removal of the waste and
contaminated soil from the unit. Instead, application of these techniques
will remove contaminants or immobilize the contaminants within the local
area surrounding the unit.

Of the 15 generalized Hanford units, only 11 have been identified as
potentially requiring remediation: belowground landfill (covered,
uncovered), surface impoundments, ditches, underground dispersion systems,
aboveground tanks, belowground tanks, spills, underground vaults, burning
pit, and process sewer. A review of the available information concerning
remedial techniques for such waste sites indicates that eight techniques are
generally applicable to these units:

o Soil flushing

o Soil treatment

o Grout-in-place

o In-situ vitrification

o Cap/cover

o Subsurface barriers

o Groundwater pumping and treatment

o In-place decontamination.

Each of these techniques is explained briefly in Appendix B. It should be
noted that on a site-specific basis these techniques may or may not be the
preferred remediation technique. In general, the final remediation
technique is selected through a feasibility study and often involves
multiple technologies. The technologies identified above are anticipated to
be appropriate for the type and number of units considered in this analysis.

For the RCRA 3004(u) sites, one in-place remedial technique for each
type of generalized Hanford unit identified in Section 3.2 was selected
according to the following steps. The first step for each type of waste
unit is to review all of the potential in-place remedial actions described
above, and generate a preliminary set of techniques that appear to be
applicable for the remediation of that unit. The second step is to select
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the most appropriate remedial action for the unit from the preliminary set

of remediation techniques. The results of this exercise are presented in

Table 3-37 and the basis for selecting each remediation technique is

described below. The selection process focused on techniques that could

permanently resolve contamination problems to be consistent with current

RCRA program strategy.

In general, for waste disposal unit types E (surface impoundments), F

(ditches), and G (underground dispersion systems) that received liquid

waste, groundwater pumping and treatment is selected as the in-place

remediation technique for this analysis. This selection is based on the

following assumptions: (1) most, if not all, of the wastes disposed of have

reached the groundwater, and (2) wastes still in the vadose zone have

sufficient liquid present to permit pumping. Other in-place treatment

techniques such as soil treatment, capping/covering, etc., may effectively

control the migration of any remaining contaminants in at least part of the

soil column beneath the unit. However, the contamination to the groundwater

still remains untreated. Only soil flushing appears to one of the
techniques that may be applicable to contaminants in the soil column. A

disadvantage of soil flushing is that effective containment and collection
of the elutriate is difficult. In soil flushing, the potential

for mobilizing some contaminants and allowing others to remain in place
exists.

Based on the above considerations, groundwater pumping and treating is

generally considered to be the most appropriate method for removing the
contamination from the groundwater for the purposes of this analysis. It is
further assumed that any contaminants that remain in the unsaturated region

and cannot be pumped out will remain absorbed the soil, and will not migrate
to groundwater.

In practice, groundwater recovery and treatment is not generally

conducted alone. It is often more appropriate to consider additional in-

place techniques such as capping/covering sealing and partial excavation to
complete the remedial action for these sites. Also, it should be noted that

selection of one remediation technique for a general type of problem
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TABLE 3-37 POTENTIAL IN-SITU REMEDIAL ACTIONS FOR WASTE UNITS

POTENTIAL IN-SITU REMEDIAL ACTIONS

Type of : Soil Soil Grout-in- In-situ Cap/ Subsurface Grd Wtr Recovery In-place :

Waste Units :Flushing Treatm. Place Vitrif. Cover Barrier & Treatment Decont. : Conments

C (Belowground : X X X X :Grout-in-place or encapsulation with grout

Covered Landfill): :is chosen to contain and immobilize the waste

0 (Belowground Un- : :within the unit.

Covered Landfill):

E (Surface Impound-

ments)

F (Ditches)

G (Underground De-

pression Systems):

X X X X X X

XH (Aboveground

Tanks)

I-1 (Underground

Tanks)

X X

:Ground Water Recovery and Treatment is chosen

:as the technique for removing contaminants that

:have migrated to the groundwater or any

:materials that can be flushed from the vadose zone

:(Comment 1).

X :In-place decontamination by draining the tank and

:rinsing with appropriate solvent. Sludge will be

:removed using hi-pressure water injection system.

:In some cases, this technique may not work, thus,

:grout-in-place should be used.

:Grout-in-place by injecting grout into

:the tank and the surrounding soil to contain and

:inobilize contaminants.

? 1X1-2 (Underground

Diversion

Boxes)

:Grout-in-place or encapsulation of unit

:using grout to contain waste within unit.

lTechnical implementation and chemical compatibility concerns must be

addressed before these actions can be taken. They are the techniques which

were considered to be potentially applicable.



TABLE 3-37 POTENTIAL IN-SITU REMEDIAL ACTIONS FOR WASTE UNITS (continued)

POTENTIAL IN-SITU REMEDIAL ACTIONS

Type of Soil Soil Grout-in- In-situ Cap/ Subsurface Grd Wtr Recovery In-place

Waste Units :Flushing Treatm. Place Vitrif. Cover Barrier & Treatment Decont. : Comnents

J (Spills) : X ? ? X :Grout-in-place is recommended to inmobilize

:the contamination in subsurface soil. Ground water

:recovery and treatment is also suggested if the con-

:tamination reaches groundwater table.

x xK (Underground

Vault)

L (Burning Pit)

N (Process Sewer)

x x x x

x x x x x

X :Grout-in-place such as encapsulation of

:unit in grout is recommended for this type of

:waste unit.

:Grout-in-place is selected to immobilize

:the waste within the unit.

X :Grout-in-place is recommended to stabilize

the unit.

1Technical implementation and chemical compatibility concerns must be

addressed before these actions can be taken. They are the techniques which

were considered to be potentially applicable.
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overlooks site-specific selection of a remediation technique. For example,

not all liquid waste disposal units have contaminated groundwater. Some

units that are located in a shallow groundwater region and near the bank of

the Columbia River may have contaminated the local groundwater at one time
in the past; however, the groundwater may have been flushed many times so

that only traces of contamination remain. In this case, other in-situ

remedial actions or no action may be chosen to deal with potential
remobilization of the contaminants that remain bound to the soil beneath the

units.

For the generalized Hanford units including burial grounds (C/D),

process sewers (N), burning pits (L), and ditches (F), grout-in-place and
encapsulation are considered to be the most appropriate alternatives for

this analysis. Other applicable treatment techniques include in-situ
vitrification, capping/covering, and subsurface barriers. In-situ

vitrification is still a developmental technique with many economic and
applicability limitations. Capping/covering would limit the potential for

exposing the waste; however, it would not prevent migration of contaminants
from the unit due to any interactions with active liquid waste disposal

units located nearby. Finally, subsurface barriers may not be applicable to
control contaminated groundwater for units that are located in deep
groundwater areas such as the 200 areas where the water table is more than
200 feet below ground surface or where subsurface migration is found
unlikely.

For generalized Hanford units C and D (belowground covered and
uncovered landfills), it is recommended that in-situ encapsulation be used

as the remediation technique rather than grout-in-place, since the amount

of solidifier and cost required for the latter technique can become

exorbitant while the benefit is nominally the same as the in-situ
encapsulation method. Encapsulation refers to injecting a "liner" or

"barrier" of grout below and around the unit, thus creating a containment

structure.

It is assumed that most diversion boxes (type 1-2), weir boxes (type

K). and underground vaults (type K) are empty. If there was any leakage

from the units, it would be confined to the surrounding soil. Since the
contamination is primarily contained within the unit, it is most appropriate

3-94



Draft September 3, 1987

to consider grout-in-place or encapsulation of the unit for this analysis.
The grouted unit can remain buried in the ground with little possibility of
releasing contaminants to the soil.

For spills (type J), it is assumed that the released contamination did
not spread vertically and laterally to a great extent from the original
site. Grouting-in-place was selected to remediate this type of waste site.

Groundwater recovery and treatment is applicable, if the contamination
reaches the groundwater table. In-situ vitrification is also applicable,

however, the technology is still new and the cost could be too high for such
a site. Cap/covers and subsurface barriers would have limited impact on the
site due to climatic and geological site characteristics.

For underground tanks (type I-1), the most practical choice of the in-
place remediation techniques is grout-in-place. For aboveground tanks (type
H), in-place decontamination can be used as the in-place remediation
technique. It should be noted that in cases where removal of the remaining
waste is not possible, grout-in-place should be used as an alternative.

Waste unit types A (aboveground covered landfill), B (aboveground
uncovered landfill), M (incinerators), and 0 (other) are not recommended for
remediation, based on their match to the four characterization categories
(verify no release, verify no residual contamination, verify no hazardous
constituents or characertize for remediation) in Section 3.2. Therefore, no
remedial alternative is suggested for these units.

3.3.3 Exhumation

One commonly used option for cleaning up a waste site is to exhume the
waste material, treat it, and dispose of it at a permitted RCRA or Dangerous
Waste disposal site. Depending on the extent of the contamination at the
site and the exhumation effort, application of this technique can lead to
virtually complete removal of the contamination from the site. The
statement of work for this project required that exhumation be considered
along with in-place remediation.

The exhumation technique consists of excavating, removing, treating,
and disposing of the waste and the contaminated soil. Prior to excavating
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the site, site planning needs to be performed. During this phase, all

engineering and survey work is conducted to establish the basis for the
actual excavation. During the planning phase, a staff which includes

engineers, surveyors, draftpersons, geologists, health and safety officers,
and secretaries, will be needed.

Excavation of contaminated soil and structures requires heavy

construction or mining equipment. The excavated soil then must be drummed

prior to disposal. Containment of the wastes, decontamination of containers

prior to disposal, and transport of the waste containers by truck will also

be required to control radionuclides. Removal and transportation of the

contaminated material from the site will rely on flat-bed trucks. Disposal

of the waste is assumed to be onsite at a permitted and controlledland

disposal site. Excavated waste material that does not meet the constituent

concentration limitations under the EPA and State regulations ("land

disposal ban") cannot be disposed of without pretreatment prior to disposal.

A more detailed description of the exhumation technique is presented in

Appendix A of this report.

Exhumation can be applied to remediate most of the waste units

identified at the Hanford site. However, exhumation alone may not

completely remove all of the contamination. Special equipment may be

required for deep excavations, but some contamination may be so deep or so

hazardous that excavation is neither practical nor feasible. In selecting

the actual remedial alternative for a specific site, a combination of

excavation and in-place remediation is most likely. Such decisions reflect

a case-by-case analysis beyond the scope of this study.

3.3.3.1 Excavation Estimate

The amount of soil to be excavated is dependent on the extent of the

contamination in the sub-surface soil. For liquid waste sites, the lateral

migration mainly appears to be caused by the occurrence of clay lenses at

depths of 30 to 50 feet under many sites. A review of the Waste Management

Operations Report, Volume 2 (Rockwell International Energy Systems Group,

1979) indicates that for CERCLA Site 216-S-1&2, the lateral contamination

extends on the average to about 115 feet on each side of the site. The
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lateral migration of the contaminants from a liquid waste unit can be
calculated using the following equation:

V = (L + 230ft + D) x (W + 230ft + 0) x D (Eq. 1)

where: V = Volume of excavated soil (ft3)

L = Length of the unit (ft)
W = Width of the unit (ft)

D = Depth of excavation (ft)

The maximum depth of excavation is limited to 60 feet below surface since
the excavation costs assume no shoring nor utilization of special deep
excavation equipment.

For dry waste sites, it is assumed that the contaminants do not migrate
far from the site because there is not enough precipitation to mobilize the
contaminants from the waste unit. It is necessary to modify the above
formula before it can be applied to these sites. The modification is to use
a factor of 1.5 times the dimensions of the site (length and width only)
instead of a multiplier of three because the factor of three produced an
excavation area for the landfills may be several hundred feet for a one
hundred-foot wide unit. This appeared unreasonable given the sandy soil
conditions where contaminants are generally transported downward to a
greater extent than laterally. Also, it was also determined that reasonable
excavation depth would be conservatively limited to 20 feet beneath the
bottom of the waste site, even though the contaminants may not have reached
that depth. The following equation may be used:

V = [(1.5 x L) + D] x [(1.5 x W) + D] x D (Eq. 2)

Equation 2 is assumed to be applicable for most units with small to
average size, where the length does not exceed two times the width. For
units that have an elongated shape such as ditches of more than 1000 feet
long but only five to ten feet wide, it is not practical to assume
significantly greater migration along the longest dimension. Contamination
is anticipated to occur in a more elliptical fashion around such a unit.
Thus, to accommodate such a unit structure, equation 2 is modified as
follows. With regard to the width of the unit, the lateral extent of the
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migration still remains at 1.5 times the width. However, for the length of
the unit, this lateral migration is assumed to be also 1.5 times the width
as shown in Equation 3:

V = [(1.5 x W) + L + D] x [(1.5 x W) + D] x D (Eq. 3)

The above formulas were used to develop cost estimates to excavate all
sites that were determined to potentially require remediation. However, it should
be noted that these equations were developed based on limited data and
information on the sites. Cost estimates for actual remediation will draw
on a more extensive assessment of the extent of the site contamination.

3.3.3.2 Limitations and Applications

Engineering and health and safety limitations exist that should be
considered prior to selecting excavation as a remedial technique. First, it
is necessary to establish a working excavation depth for the remediation
sites. In some areas of the Hanford site, the water table is located at
more than 200 feet from the surface (200 Areas). If all liquid waste
disposed of reached groundwater, then the soil column beneath the waste unit
is contaminated and requires remediation. In the cases where the sites are
located in an area with a deep water table, the depth of the excavation can
exceed 200 feet below ground surface. Although it is possible to excavate
to this depth, the cost can become exorbitant due to special modification to
equipment, additional requirements for support such as shoring, and
potential production rate reduction (USEPA, 1985). Thus, to use
conventional heavy construction equipment such as backhoes, dozers, and
loaders, a maximum optimal excavation depth of 60 feet was chosen as the
basis for the exhumation technique (USEPA, 1985).

A review of the location of the potential RCRA 3004(u) sites indicated
that the majority of these units are buried or "operated" within 30 feet
below ground level. In addition, an examination of the contamination
profiles in the soil column beneath sites such as cribs, it appears that the
contamination is more or less concentrated within the next 20 feet of the
soil column beneath the unit. If this assumption stands for all waste
units, then excavation to 60 feet below ground surface would at least exhume
the soil region where the contamination is most concentrated. Although site
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interaction in the subsurface is known to occur, in order to estimate
excavation volumes it was necessary to assume that there is no interaction

from other units located in the proximity of the excavated site and

therefore any contaminants remaining in the soil below the 60-foot depth
from the ground surface may be considered immobilized. In actual selection
of remediation strategies it is recommended that additional remediation
techniques such as groundwater recovery and treatment be considered in
conjunction with exhumation to remove any contaminants that have reached the
groundwater or may remain in mobile form in the unsaturated zone.

Second, a one to one slope is assumed to be used for the excavation.
For excavation to a depth of 60 feet, such a slope will generally not
require shoring.

Third, exhumation of large buried structures such as cement or asphalt-
lined, contaminated retention basins requires additional work to break the
structures into manageable size for packaging and hauling and to create
areas suitable for excavation. In such cases, the cost for excavation is
increased by at least 20 percent.

Fourth, it is questionable whether or not exhumation is an appropriate

technique for remediation of large underground tanks that still contain
highly radioactive residues. Direct exposure to the residues could pose a
potentially high threat to the health and safety of the workers. This
technique has therefore not been presented as a remediation technique for
the tank farms.

Fifth, disposal of excavated soil or the residues from treatment or
the soil could become a major issue requiring resolution. Normally, the
excavated or treated contaminated soil can be packaged and disposed of
offsite in a permitted land disposal site. However, if exhumation is
required for the majority of the identified sites at Hanford, offsite
disposal may not be feasible due to the amount of contaminated soil to be
disposed. Neither offsite nor onsite capacity is sufficient to accommodate
the volumes of mixed waste anticipated to be generated from exhumation of

the waste sites. As a result, an engineered and approved land disposal site
may need to be constructed onsite to accommodate the disposal of all
excavated material.
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3.3.4 Estimated Remediation Costs

This section discusses the methodology for estimating the costs

associated with the exhumation or in-place remediation of each of the
generalized Hanford units defined in Section 3.2.

3.3.4.1 Methodology for Cost Evaluation

The process for estimating the remediation costs for the potential

3004(u) sites consists of the following steps:

(1) For each waste site type, develop a generic waste unit description

and dimensions (entitled "generalized Hanford unit").

(2) Identify the number of units associated with each generalized

Hanford unit designated for remediation.

(3) Apply the generic remediation strategy methodology to each

generalized Hanford unit.

(4) Apply the unit remediation costs for each generalized Hanford unit
and obtain an estimated total cost for all sites.

Steps 1 through 2 have already been developed and were described in
Section 3.2. In Step 3 of the above process, all engineering estimates of
the volume of waste to be treated or excavated are calculated for each
generalized Hanford unit. The calculations and bases for these estimates

are incorporated in the unit descriptions provided in Appendix C of this
report. The development of generic remediation cost requires unit costs
associated with each of the suggested remedial actions. These unit costs
are presented in detail in Appendix A of this report.

3.3.4.2 Remediation Cost Estimates

The process for estimating the remediation costs for the RCRA 3004(u)
sites consists of estimating the cost associated with each generalized
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Hanford unit as described earlier, and applying that cost to the number of
units requiring remediation for that generalized unit.

For each unit that requires remediation, the following three elements
are considered in the estimate for the total cost:

o Feasibility study, engineering, and construction management costs
o Remedial action (or cleanup) cost

o Post remedial action cost, or monitoring cost.

Although site characterization is a required activity prior to the
actual remedial action, it is not being considered as part of the total cost
for the site remediation. Instead, it is being analyzed under the general
topic of site characterization. In general, all units that were identified
as potential sources of hazardous constituent release to the environment
required some sort of site characterization, even for those that were

recommended for remediation, to determine the extent of the contamination.
The strategies and costs associated with the site characterization were
described in Section 3.2.

Feasibility Study, Engineering, and Construction Management Cost

The cost associated with this study phase of the remedial action is
comprised of two cost elements: (a) feasibility study cost, and (b)
engineering and construction management cost.

For a feasibility study (FS), there is a minimum amount of work that
needs to be performed, such as analyzing remedial investigation (RI) data,
formulating and selecting remedial action (RA) alternatives, estimating
public and environmental risk associated with each RA alternative, etc.
Based on SAIC's experience in performing these studies, the estimated cost
for an FS ranges from $100,000 to $300,000 for one unit/site, depending on
the amound of work that needs to be done and the complexity of the site.
Thus, for a small waste unit such as an underground vault, the FS cost is
estimated at about $100,000. On the other hand, for complex waste unit such
as a crib or a pond where liquid waste was disposed of and more technologies
may require evaluation, it is estimated that the FS cost is approximately
$300,000 due to greater extent of subsurface contamination, possible
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groundwater contamination, potential interaction with other waste units

located nearby, etc. For large solid waste units, it is assumed that

subsurface contamination is more or less localized. The potential for

groundwater contamination would be negligible and fewer RA alternatives

would need to be considered. However, because the unit is rather large, the

evaluation and analysis of RI data will take more time than a smaller unit.

As a result, for these units, it is assumed that the FS cost is

approximately $200,000. This cost is also assumed to be the cost incurred

for a medium-sized liquid waste unit.

The cost of the engineering, and construction management (Engr, CM) is

generally defined as a percentage of the actual remedial action (RA) cost,

and typically ranges between ten to 20 percent of the total cost. For

example, on the DOE CENTRA project, which involves low-level radioactive and

heavy metal wastes, this cost averages about 15% of the total remediation

cost. For this study, the Engr, and CM cost element is an average of 15% of

the actual remediation cost.- Also, this cost element can inversely vary

with the unit size and this factor is being considered by site size as
follows:

FS, Engr, CM Cost

Site Size (Lateral Surface Area) (% of RA Cost)

Small (<1,000 sq. ft.) 20

Medium (1,000-10,000 sq. ft.) 15

Large (>10,000 sq. ft.) 10

Using the above criteria, the size of each type of unit can be
determined. Table 3-38 presents the estimate of the size of each type of waste

site based on the generic descriptions presented in Appendix C. Only
certain types of sites have been designated for remediation as discussed

previously. Site types not requiring remediation [A (aboveground covered

landfill), B (aboveground uncovered landfill), M (incinerator), and 0
(other)] have therefore been omitted from this remediation analysis.

The combination of the FS and Engineering studies is also limited to a

maximum cost of $2,000,000 per waste unit.
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TABLE 3-38. SIZE CATEGORIZATION BY TYPE OF WASTE SITE

Type of Lateral Relative
Waste Surfac Size
Site Area (ft')

A Aboveground Covered Landfill NA NA

B Aboveground Uncovered Landfill NA NA

C Belowground Covered Landfill 56,000 Large

D Belowground Uncovered Landfill 750,000 Large

E Surface Impoundment 90,000 Large

F Ditches 12,200 Large

G Underground Dispersion Systems 276 Small

H Aboveground Tank NA NA

I Underground Tank NA NA

J Spills 5,000 Medium

K Underground Vault 128 Small

L Burning Pit 11,000 Large

M Incinerator NA NA

N Process Sewer 24,000 Large

0 Other NA NA

NOTE: Waste Site Types A, B, M, and 0 were not identified as requiring
remediation.
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Remedial Action Cost

The cost for remedial action is estimated using the unit costs

documented in Appendix A and are listed below:

o Excavation and disposal $365/Cubic Yard (CY)

o Excavation, treatment, and disposal $689/CY

o Grout-in-place $ 60/CY

o In-situ decontamination $1.10/gal or $210/CY

o Groundwater recovery and treatment $35/1000 gal

In the development of the remediation strategy for the 3004(u) sites

the selection of remediation techniques includes exhumation and one

potentially applicable in-place treatment method for each generalized

Hanford unit. Since the remediation alternatives have already been

established, only the costs associated with these techniques will be

estimated and presented in this section.

Post-Remedial Action (RA) Monitoring Cost

This cost element is geared towards monitoring groundwater, soil, and

vegetation at each site for radioactivity, heavy metals, and other organic

and inorganic contaminants after remediation has been completed. As part of

the post-RA monitoring strategy, each site is assumed to be monitored semi-

annually. As described in Section 2, at least four groundwater samples will

be analyzed per site remediated during each monitoring event at the cost of

about $7,100 per sample. Therefore, for each waste unit undergoing

remediation, the cost associated with the post-RA monitoring activities will

be about $60,000/year, given a labor cost of $3,200/year. These costs

include monthly inspection of the wells, semi-annual sampling, semi-annual

data analysis, and semi-annual maintenance. According the RCRA regulations,

post-closure monitoring activities should be conducted for 30 years after

closure of the site. As a result, the total post-RA monitoring for each

site is estimated at $1,800,000.

The above monitoring cost is based on a semi-annual monitoring

strategy. This is applicable for most of the selected in-place treatment

processes, except for the in-place decontamination. For the latter
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technique, it is assumed that once the unit is cleaned, there is no residual

contamination left in the unit, and therefore, post-RA monitoring is not

required.

3.3.5 Estimated Remediation Cost Summary

For each Hanford area, the total remediation cost for each generalized

Hanford unit identified as requiring remediation was estimated for two

scenarios: exhumation for almost all cases, and one applicable in-place

remedial action. For each remedial action, costs associated with
feasibility study, engineering, actual remedial action, and post-remedial
action monitoring are estimated wherever applicable. For each generalized

Hanford unit, the various costs are calculated based on the total cost per
unit and the number of units requiring remediation within that type.

Table 3-39 presents the exhumation costs. Two costs are identified:
Method A and Method B. Method A represents the cost of waste or

contaminated material removal and redisposal. Method B represents the cost
of waste or contaminated material removal, treatment, and residue disposal.
The single shell tank farms and catch tanks were not included in this
analysis as the hazard to human health and the environment from attempting
to exhume these sites was too extensive to consider this option.

Table 3-40 presents the in-place remediation costs. Tables 3-39 and
3-40 identify the volume of material estimated for the basis of the cost
evaluation. Estimation details are presented in Appendix A.

Based on the information presented in Tables 3-39 and 3-40, the cost
range for exhumation is $14.8 billion to $27.6 billion for sites designated
for potential remediation on a site-by-site basis. The cost of in-place
remediation is estimated at $874 million on a site-by-site basis.

It should be noted that these costs are generated based on remediation
of individual sites. However, sites can be grouped together and treated as an

entity. As a result, it is expected that the remediation cost could be
reduced drastically. Examples of these cost reductions are provided in
Appendix I.
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TABLE 3-39 RCRA 3004(u) Sites Excavation Costs

EX I-UATION

Method A Method B

Post-RA : ----------------------------------- -------------

RA Cost :Mtnitoring Cost:Tot. Unit Cost : Total Cost

($/unit) : ($/unit) : ($/unit)

:Type

:of Waste

Site

C

D

E

F

G

H

I-1

1-2

J

K

L

N

:Tot. hit Cost : Total Cost

($) : (S/unit) : ($)

1,800,000 : 85,122,000 : 595,854,000 : 157,309,200 : 1,101,164,400 :

Nuiter

of

Unit

7:

1 :

23

8:

34

NA

NA

50

7

2

1:

1:

Excavation

Volune (CY)

222,800

2,680,000

668,500

1,530,000

210,000

NA

NA

3,600

28,400

550

80,000

4,200

: FS Cost

:($/unit)

: 200,000 :

200,000

300,000

300,000

: 300,000

: NA

NA

: 100,000:

100,000

100,000

200,000

100,000

ENG Cost

($/unit)

1,800,000

1,800,000

1,700,000

1,700,000

1,700,000:

NA

NA

262,800

1,554,900

40,150

1,800,000:

306,600

:SLl'i

NOTES: Method A consists of excavation and disposal w/o incineration (@ $365/CY).

Method B consists of excavation and disposal with incineration (@ $689/CY).

NA Not Applicable. Require other rmdial techniques.

C Belcmjround Covered Landfill

D Belovjround LUcovered Landfill
E Surface in-xxindents

F 1)itCJIs

6 Lnderground Dispersion Systens

H Aboveground Tank

I-1 Linderground Tank

1-2 Diversion Boxes

J Spills
K Undergrund Vault

14,822,219,200 :

L Burning Pit

N Process Sewr

Method A Method B

RA Cost

($/unit)

81,322,000

978,200,000

244,002,500

558,450,000

76,650,000

NA

NA

1,314,000

10,366,000

200,750

29,200,000

1,533,000

ENG Cost

($/unit)

1,800,000

1,800,000

1,700,000:

1,700,000:

1,700,000

NA

NA :

496,080

1,900,000

75,790

1,800,000

578,760

982,000,000

247,802,500

562,250,000:

80,450,000

NA

NA

3,476,800

13,820,900

2,140,900

33,000,000.

3,739,600

982,000,000.

5,699,457,500

4,498,000,000

2,735,300,000

NA

NA

173,840,000

96,746,300

4,281,800

33,000,000

3,739,600

0
O*i

1,850,320,000 : 1,850,320,000

464,396,500 :10,681,119,500

1,057,970,000 8,463,760,000

148,490,000 5,048,660,000

NA

NA

4,876,480 243,824,000

23,367,600 : 163,573,200

2,354,740 : 4,709,480

58,920,000 : 58,920,000

5,372,560 5,372,560

153,509,200:

1,846,520,000

460,596,500

1,054.170,000

144,690,000

NA

NA

2,480,400.

19,567,600

378,950

55,120,000

2,893,800

1,800,000:

1,800,000

1,800,000

1,800,000.

NA

NA

1,800,000:

1,800,000

1,800,000

1,800,000

1,800,000

27,621,423,140 :
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Table 3-40 RCRA 3004(u) Sites In-Place Remediation Costs
-------------------------------------------------------------------------------------------------------------------------------------------------------

IN-SITU RD(DIAL ACTINS

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

G* (ut-in-Pla In-Place Deontani natin : Goundeter lborvery Treazitn

Type : :ubi--------------- ------------------ -------------------------- - -- ----------- -* -

:of aste of FS Cost : al Lm of : E Cost PA Coat Mon. Vol. of Wste E G Cost RA Cost : Mn. Volum of E D Coat RA Cost Mon. :ot. tit Coast Total Cost

: Site : ilt :(/w it) Soil (CY) : (/wit) (S/wit) ($/mit) : ater (gal) ($/unit) (S/mit) ($/unit) ater (HiPl) : (/mit) : (/w it) :(/wit) : ($/wit) ($)

C 7 200,000 40,00:

0 1 200000: 347,000

E 23 300,000 MA

F 8 300,000 NA

G 34 300.000 NA :

H 5 100,000 NA

I-1 140 100.0 3,O0 (a):

1-2 50 :1000 9 (a):

J 7 :100,0) : 17,000

K 2 100,00D 75 (a):

L 1 200,000: 46,000

N 1 100,000 4200 (a):

240.00 2,400,0: 1,80,00:

1.B00,1).O 20,820,0D: 1,800.0:

MA NA MA

NA NA NA

NA MA NA

NA NA NA

93,600 936,00 1,80,000:

281 2,80: 1.800,000:

102,000 1,020,000 1.8,000

2.340 23,400 1,800,000

276,000 2.760,000 1,80,000

131,040 1,310,400 1,800.000

NA

NA

NA

NA

NA

21,0)0:

NA

NA

NA

MA A : NA NA NA MA 4,640,O : 32,480,00

MA VA NA NA NA NA M 24,620,000 24,620,000

NA NA NA 71 248,500 2,485,000 :1800,001) 4,833,500 111,170,500

M NA NA 165 577,500 5,775,000: 1,8.001) 8,452,500 67,620,ODD

NA NA NA, 19 133,000 665.0: 1,8O.000: 2,8, 0 98.532.OD:

4,620 23,100 0 NA NA MA NA 127,720 638,600

N NA NA NA MA NA M 2,929,600 410,144,000:

NA NA NA MA NA MA MA 1.,089 95,154,440

NA NA NA M NA NA . A 3,022,000 21,154,000:

MA NA NA NA NA MA NA 1,925,740 3,851,480

NA NA NA NA NA NA NA 5,036,0 : 5,036,000

NA NA NA NA MA NA NA 3,341,440 3,341,440

: 873.742,460

NOTES: NA Not Applicable.
(a) Since this tectniqe reutres direct injection of grout into the nit.

the volue is expressed in terns of vwlue of grout. tint cost for this technique is estinuted at ($312/Cy).

C Belcgqouid Covered Lardfill
0 Belaorrid tjkxrvered Ladfill

I Surface ilomdssent

F Oitchis

C tkdergrad Dispersion Systens

H Atovegmad lank
I-1 Lidrtywd Tag*
I-2 Diversion Boxes

J Spills

K tkdergrtxnd Vault

L Bumrirg Pit
N Prcess Seer
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3.4 ESTIMATED MANPOWER AND SCHEDULING

A description of the characterization and remediation tasks necessary
at each of the generalized Hanford units, as well as a list of the numbers
of sites included under each characterization or remediation effort were
provided in Sections 3.2 and 3.3. This section provides a description of

the manpower needed to complete site characterization and remedial action on
the basis of the RCRA 3004(u) site types. Then, unit schedules for

completion of characterization and remediation are provided. This effort
was necessary to ultimately produce a master schedule for addressing both
RCRA and CERCLA sites as described in Section 4. The methods used to

develop estimates of manpower and scheduling recommended for

characterization and remediation are also provided in this section.

3.4.1 Characterization Unit Schedules and Manpower Requirements

Characterization activities for the generalized Hanford units vary
according to the category of characterization as described in Section 3.2.
In order to develop unit schedules, the characterization activities were
segregated into three tasks as follows:

o Task C1 - review file data, prepare health and safety plans,
prepare safety and analysis plans

o Task C2 - conduct field activities (soil and groundwater monitoring
and sampling waste management units)

o Task C3 - sample analysis, evaluation of results, and report
preparation.

Each of the above described activities has an associated time requirements
that were developed on the basis of engineering field experience and
assumptions regarding the average time necessary to perform the various
activities.

To develop the time estimates to complete various activities, a factor
of $60 per hour was selected as the average cost per hour, fully loaded
(overhead, administrative costs, etc.), for a person with the appropriate
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skills. The cost represents a person with the level of engineering or

scientific skills needed to perform the engineering, planning, and
implementation activities to characterize a site.

The total amount of money allotted for planning site characterization
and evaluating results (Tasks C1 and C3) is ten percent of the total
characterization costs for sampling and analysis. A maximum of $100,000 was
selected as the ceiling for these efforts (combined). This value was
divided by $60 per hour to determine the maximum number of man-hours
available.

Next, the total planning cost for site characterization was allocated
between the C1 and C3 tasks. In order to segregate the costs, the costs
were sorted into six cost brackets. By using the $60 per hour rate, the
total hours to complete the tasks could be calculated. It was assumed that
significantly more planning was required for sampling and analysis, health
and safety, etc., in the higher cost brackets than the lower cost brackets,
so a longer schedule was required to complete the work for the higher cost
bracket sites. For each cost bracket and corresponding number of hours to
complete the task, the percent of personnel time needed for Tasks C1 and C3
is shown on Table 3-41. The schedule time is also shown on Table 3-41. The
schedule time for Task C1 was established based on best judgment and
previous experience; different schedule times have been assigned based on
the anticipated complexity of the sampling needed. Task C3 schedule times
were similarly developed and include six weeks for sample analysis.

For the lower cost brackets (less than $35,000), the budget and time
needed to perform Task C1 was significantly greater than the budget and time
for Task C3. Since the planning costs were derived on the basis of the
total cost for characterization, the lower cost brackets represent the
characterizations with the least data to be collected. That is, for the
lower cost brackets a much greater proportion of the money will be spent on
developing health and safety plans and sampling and analysis plans (Cl) than
will be spent on evaluating the monitoring data and preparing a report (C3)
on a small data base (data may include as little as three samples analyses).
On the other hand, for a site to be characterized for remediation, a much
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TABLE 3-41. SCHEDULE TO COMPLETE CHARACTERIZATION

TASK C1 TASK C3

: % of Total :% of Total
Cost Bracket : Planning Man- Schedule: Planning Man- Schedule:

($) : Cost Weeks Weeks : Cost Weeks Weeks

:0-6,000 : 75 0.8 1 : 25 0.4 7

:6,000-15,000 : 50 2.3 4 : 50 2.4 10

:15,000-35,000 : 30 3.9 4 : 70 9.0 10

:35,000-50,000 : 30 5.9 4 : 70 13.7 12

:50,000-85,000 : 30 10.0 6 : 70 23.4 14

:85,000-100,000: 30 12.5 8 - 70 29.2 16
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greater proportion of money will be spent on evaluating the data (C3), which

may include tracking contaminant plumes, using computer data analysis for
hundreds of samples, etc., than will be spent in preparing for sampling
(Cl).

Task C2, the field activities necessary to characterize a site, include

groundwater monitoring, soil monitoring and waste unit sampling. In order

to develop manpower estimates and scheduling, the following was assumed:

o Drilling crews include: one supervisor, one driller, one person to
conduct sampling and to address health and safety

concerns/monitoring

o Crews work eight-hour shifts, one shift per day. If additional work

is necessary, additional drill rigs and crews are added to the site.

Alternatively, the numbers of shifts that the crew works can be

increased. The target for drilling and well installation time was

kept to a maximum of four to eight weeks per site

o Drilling one groundwater monitoring well, collection of soil

borings at two-foot intervals to a depth of 50 feet (shallow

groundwater areas), purging one well, collecting one groundwater

sample, and decontamination of equipment will take three people

four days to complete (12 mandays over 0.8 weeks scheduling time)

o Drilling one groundwater monitoring well, collection of soil
borings at five-foot intervals to a depth of 255 feet (deep

groundwater areas), purging one well, collecting one groundwater

sample, and decontamination of equipment will take three people

seven days to complete (21 mandays over one [1] week of

scheduling time)

o Completing one soil boring and collecting soil samples every two

feet to a depth of 30 feet (shallow groundwater areas) and

decontamination will take three people three days to complete

(nine mandays over 0.6 weeks scheduling time)
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o Completing one soil boring and collecting soil samples every two

feet to a depth of 50 feet (deep groundwater areas with non-liquid
wastes placed in the unit during the active life) and

decontamination will take three people three days to complete

(nine mandays over 0.6 weeks scheduling time)

o Completing one soil boring and collecting soil samples every two
feet to a depth of 100 feet (deep groundwater areas with liquid
waste placed in the unit during the active life) and

decontamination will take three people four days to complete (12
mandays over 0.8 weeks scheduling time)

o Completing four soil borings and collecting soil samples every two
feet to a depth of six feet (aboveground tanks regardless of area
located) and decontamination will take three people three days to
complete (9 mandays over 0.6 weeks scheduling time).

The total manweeks were calculated by multiplying the number of people by
the number of days they were needed and dividing the number of days the crew
works by the number of days per workweek (five days per week). The
scheduling time was calculated by dividing the number of days to complete a
well or boring by the number of days per workweek (five days).

To calculate the schedule to complete each type characterization for
each generalized Hanford Unit, worksheets were prepared. The worksheets
provided in Appendix E show the schedule for each site type in each
characterization category (characterization for verify for no hazardous
constituents, verify for no release/no residual contamination in shallow
groundwater areas, verify for no release/no residual contamination in deep
groundwater areas, characterize for remediation in the shallow groundwater
areas, and characterize for remediation in the deep groundwater areas).

On the worksheets, Tasks C1, C2 and C3 correspond to the three tasks
described in this Section. The scheduling times for the three tasks were
linked end to end for each type of site in each characterization category to
obtain unit schedules.
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At the end of the characterization tasks, six months are allowed for

review of materials prior to beginning remediation.

The numbers of samples necessary for characterizing the various Hanford
units in the shallow and deep areas, as well as the rationale for the

numbers of groundwater monitoring wells and soil borings, and the numbers of
samples collected in both the deep and shallow groundwater areas are
described in Section 3.2.3. Appendix C describes the generalized Hanford
units.

3.4.2 Remediation Unit Schedules and Manpower Requirements

The scheduling and manpower required to perform remediation and post-
remediation monitoring at a given unit are presented in this section.
Remedial activities include the following tasks:

R1 - Conduct feasibility study (RIA) and conduct engineering
design (RIB)

R2 - Perform remedial action

R3 - Conduct post-remediation monitoring.

Each of the above three tasks has associated time requirements that were
calculated on the basis of engineering field experience and assumptions
regarding the average time needed to perform the activities. Each task is
described below:

o RIA - For units that have been designated for remediation, a
feasibility study (FS) will need to be performed to identify and
evaluate remedial alternatives. For the purposes of this study, a
period of six months was scheduled for completion of the FS, and
three more months were added for the review of the FS by EPA.
Thus, a total of nine months was scheduled to complete this task.
Based on the costs required to perform this activity (as
identified in Section 3.3), the total number of manweeks was
determined as follows, using an average labor rate of $60/hr:

Estimated FS cost ($) x $60/hr * 40 hrs/week = Total Manweeks

3-113



Draft September 3, 1987

o RIB - After the FS has been completed, reviewed, and approved by
EPA, engineering analysis of the recommended remedial alternatives
can be started. It is assumed that a period of one year (52
weeks) is require to conduct the engineering analysis which
includes initial engineering design and review, cost estimates,
and construction management. Based on the costs required to
perform this activity (as identified in Section 3.3), the total
manpower requirement can be calculated as follows, using an
average labor cost of $60/hr:

Estimated Eng. Cost ($) x $60/hr -- 40 hrs/wk = Total Manweeks

o R2 - A remedial action will be implemented at each site requiring
remediation. The scheduling and manpower requirements for each
unit are based on the estimated volume of waste/soil/water
identified as requiring remediation or treatment at each unit.
Labor efficiency rates and production rates have been determined
for each proposed remedial action. Unit schedules were determined
by applying the production rates to the identified volume needing
remediation; manpower requirements (manweeks were determined by
applying the labor productivity rates to the identified volume
needing remediation

Worksheets showing calculations for manhours and scheduling are
provided in Appendix F

o R3 - After a unit has been remediated, it will be necessary to
perform post-remedial action groundwater monitoring. A 30-year
groundwater monitoring program is recommended so that the site
cleanup program will be consistent with the RCRA post-closure
monitoring program. Under the RCRA program, land disposal
facilities that have undergone closure are required to perform
groundwater sampling at the facility on a semi-annual basis for a
period of 30 years. The objective of this program is to verify
that the closure actions (remediation) have resulted in either the
elimination of hazardous constituents from the environment or the
reduction of constituent concentrations to levels below the
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applicable regulatory standards. Under this program, semi-annual

groundwater sampling for hazardous constituents will be performed

at one upgradient and three downgradient wells at each remediated

site.

It is assumed that the four wells (one upgradient, three downgradient)
to be monitored were installed during the characterization phase and
therefore the majority of costs associated with the program will be
associated with sample collection and analysis.

The monitoring program consists of three phases as follows: well
purging and sampling, offsite laboratory analyses of collected samples, and
onsite data analyses, as follows:

o Each of the unit's four wells will be purged and sampled. It is
assumed that each well will be pumped the equivalent of three well
volumes (purging) prior to sampling. The process is estimated to
require four hours to complete each well and only a single well at
a unit can be purged at a given time. Sampling of the purged well
is expected to require four hours to complete. This time includes
the sample labeling, packaging, and paperwork associated with
shipping the collected samples offsite for analysis as well as
decontamination. Thus, one well would be completed in one day.
This phase will require an expenditure of 96 hours (three people,
four days, eight hours/day) twice a year per unit (a total of 192
hours a year for 30 years)

o Offsite laboratory analyses of the groundwater samples are
expected to require six weeks. Shorter turnaround times are not
anticipated for this type of activity. No manpower expenditures
are required

o The sample results received from the laboratory will be evaluated
and any necessary reports based on the analytical data will be
generated. It is expected that one person will require four hours
to complete this task per unit for a total of eight hours per year
per unit
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o It is anticipated that clerical support and well maintenance

support will be necessary. Four hours of clerical support will be

necessary per year and twelve hours of well and pump maintenance

and inspection is expected to be necessary per year for each unit.

Appendix F presents worksheets for development of the manpower
necessary to conduct post-remediation activities.

3.5 SUPPORT ACTIVITIES

Support activities have been identified for site characterization and

site remediation. These activities represent studies, plans, and procedures

that need to be developed in order to proceed with site characterization and

site remediation. The following activities represent support needs for the

inactive RCRA 3004(u) sites:

o Assessment of waste management needs to accommodate the wastes
generated from site remediation and development of waste

management plans

o Characterization and modeling studies of site areas to account for
contributing sources (both active and inactive)

o Treatability studies to support remediation technique selection on
a site-specific basis

o Evaluation of the need for requesting that Alternate Concentration
Limits (ACLs) be used as the cleanup criteria for the inactive

waste sites given site-specific conditions

o Evaluation of the need to modify existing permits

o NEPA documentation to support new facilities development and

possible remediation activities.

Each of these support activities are described in more detail below.

Existing waste management capacity both onsite and offsite is

insufficient to handle the volumes of mixed waste anticipated to be
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generated from site remediation. This will require an evaluation of
available offsite capacity and an assessment of onsite new facility needs to
determine whether new management units are needed as well as the form
required (landfill, wastewater treatment system, etc.). Engineering designs
and appropriate permits will be required for new facilities to handle the
wastes from remediation. Also, characteristics of the waste and
contaminated materials expected to be generated from the remediation
activities may need to be evaluated to determine if the materials may be
delisted as dangerous wastes thereby allowing disposal as only radioactive
waste.

Modeling studies will be needed to fully evaluate site conditions and
subsurface transport of radioactive and chemical contaminants on a larger
grouping on regional (area based) scale rather than on a site-specific
basis. The inactive waste sites at Hanford involve a complex environment
through the interaction of waste management units that operated twenty or
thirty years ago and waste management units that recently ceased operations
or are still operating. In addition, sites may be located directly next to
each other that are being addressed under different remediation programs
[CERCLA and RCRA 3004(u)] that can create an artificial barrier between the
sites and may not take into account the complexity of the site interactions.
Finally, subsurface processes in effect at Hanford create complex
contaminant distributions. For example, thermal gradients and lenses of
high/low permeability in the subsurface contribute to lateral spread of
contaminant plumes in situations where a downward or elliptical plume may be
expected. These conditions coupled with the hydraulic interaction with the
Columbia River; operations variations in the past that affected groundwater
movement and possibly contaminant flow; and continued interactions with
active discharges create an environment that may be best understood and
evaluated through detailed regional site modeling of both the chemical and
radioactive materials movement and behavior. Such modeling would support
detailed regional site characterization, long-term monitoring strategies,
and selection/design of remediation techniques.

The state-of-the-art for site remediation is continuing to evolve. EPA
has generally found that site-specific treatability studies are required
prior to final remediation technology selection and design in order to
ensure that the selected technique will successfully apply to site
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conditions and the combinations of waste constituents found. Often, these
studies can determine design modifications, alternative equipment or

materials of construction selection, or treatment parameters/procedures

required. Sometimes these studies can identify the inapplicability of a

given technique otherwise thought to be suitable. The need for treatability

studies will depend on a site-by-site basis, but is generally recommended

for any type of in-situ treatment or waste treatment process.

Current RCRA closure and cleanup requirements establish the cleanup

criteria as background concentrations of a given constituent or a health-
based standard such as a maximum concentration limit (MCL). In many cases,

particularly where no health-based standard exists (such as soil) or where
site conditions do not support cleanup to background concentration,

alternate concentration limits (ACLs) may be pursued as alternate cleanup
standards. The ACL development process requires detailed studies of site
conditions, contaminant characteristics and movement in the environment, and
contaminant toxicity and other health effects. This involves a fairly
detailed assessment process supported by detailed modeling. EPA review and
approval will be necessary. The need for and the feasibility of proposing
alternate concentration levels for cleanup criteria at Hanford remediation
projects should be evaluated once more detailed site characterization
information is available.

Hanford has existing waste management units with RCRA (Washington
Dangerous Waste) interim status which are seeking operating permits. These
facilities may be likely candidates to receive some of the wastes generated
from remediation actions. The permit conditions and waste acceptance
criteria will require evaluation, prior to facility use for remediation
wastes, to determine whether these wastes may be accepted or whether permit
modifications are required prior to waste acceptance.

NEPA documentation such as environmental assessments and environmental
impact statements may be needed to support remediation decisionmaking and
actual remediation activities. The Savannah River Plant is currently
completing a final Environmental Impact Statement for Waste Management
Activities, which addresses proposed remediation strategies, proposed waste
management changes, and proposed strategies for development and construction
of new waste management facilities to handle future wastes and wastes
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generated from site remediation. The Nevada Test Site is currently in the

process of preparing environmental assessment documents to support the
expansion of the existing radioactive waste landfill to provide new landfill
cells for disposal of mixed wastes. Finally, Rocky Flats has encountered

difficulties in completing the trial burn for a RCRA incinerator because the

incinerator was not addressed in previous environmental documents. Although

there are already a number of environmental documents addressing waste
management issues at Hanford, it is anticipated that new documentation may

be needed as remediation plans progress.

3.6 STUDY LIMITATIONS

The data and information used to develop a characterization strategy
and remediation strategy for the RCRA 3004(u) sites was provided by
Westinghouse and included approximately 5000 pages of data on inactive waste
disposal sites and areas of environmental contamination at the Hanford
Reservation. Approximately 2000 pages of this information related to
potential RCRA 3004(u) sites. These data included lists of the waste sites
at the Hanford Reservation, codes for the lists which related to the
geographic location of the sites at Hanford, and brief narratives (usually
one to two pages) for each site. This section describes some of the
limitations of the site data and information provided which formed the basis
of the site assessments, remediation selection, and cost estimating for the
ten tasks and resulting in this project report.

The statement of work for this project limited the data analysis to the
information supplied. The analyses presented in this report are based on
this information and reflect the programmatic status (RCRA vs. CERCLA) of
each site as of June 1987. Site identification and evaluation efforts have
continued at Hanford since that time and negotiations have proceeded with
the State of Washington and EPA Region X regarding a Memorandum of Agreement
to address inactive waste sites and NPL listing of sites at Hanford. As a
result of those efforts, additional CERCLA sites have been designated.
These sites may appear in this report as RCRA sites.

The focus of this effort was to conduct a preliminary assessment of
potential RCRA sites in order to estimate potential budgetary requirements
and time requirements to characterize and remediate these sites. As such,
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this analysis and the supporting selections of remediation technologies are
not intended to be definitive. For example, one in-place remediation

technique was required to be selected for each type of site and thus one

technique, considered to be the most applicable on a broad basis, was

selected for each unit type. The final selection of the remediation

alternative to be implemented will ultimately be conducted through a site-
specific feasibility study analysis of all technologies that may be
appropriate.

The data used in the site characterization and selection of the
remediation technologies usually varied in quality from site to site and
required that some assumptions be made regarding site conditions, waste

constituents, migration pathways, and potential receptors in order to

develop a site score. The chemical constituents disposed were generally
unknown. In some instances, the radionuclide species disposed were not
known. Assumptions were made in all cases and the characterization or
remediation need for action was based upon these assumptions regarding

potential constituents based on the processes generating the wastes
disposed.

In determining the need for action at a particular site, the
information available regarding past site remediation activities was
considered. Little supporting documentation was present to verify that
remediations performed (such as exhumation) removed all the contamination.
Several terms were encountered that could have more than one meaning as
applied to remediation. For example, the term "stabilized" can refer to
physical stabilization (to prevent erosion) or to chemical fixation (to
prevent chemical constituent leaching or migration). Chemical fixation
would represent an acceptable corrective action whereas erosion control
without other measures may not have addressed the problem. This information
affected the need for action assessments regarding choices between
remediation and verification for no residual contamination.

Overall, the RCRA 3004(u) analysis was conducted on a site-by-site
basis. The analysis is a subjective one and may be subject to change
through consideration of additional information regarding wastes disposed
and past actions taken, as well as monitoring results that can serve as
indicators of hazardous constituent release to the environment. Additional
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consideration of site groupings is appropriate both to obtain regional
characterizations and remediation strategies that will be more practical for
implementation (considering the complex waste management unit interactions
present) and more cost-effective.
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4.0 COST AND SCHEDULE BENEFITS FROM GROUPING OF SITES

The previous analyses of characterization costs apply on a site-by-site

basis. In reality, many of the sites are in such close proximity that they

are indistinguishable as units in terms of characterization or remediation

because any releases in the subsurface may have been transported to adjacent

units. In addition, since some of the RCRA sites are located amidst

multiple CERCLA units, therefore the designation as a RCRA site or a CERCLA
site may be an artificial distinction.

Characterization and remediation can be more realistically costed and

scheduled by considering site groupings which result in time and cost

reductions. The following sections identify the RCRA site groupings by area

(Section 4.1) and then RCRA/CERCLA group (Section 4.2). Section 4.1

groupings do not effect the characterization or remediation costs however,

the groupings in Section 4.2 were considered in developing the costs,

manpower and scheduling requirements in Section 4.3.

4.1 RCRA SITE GROUPINGS AND INTERACTION

4.1.1 Site Locations and Groupings

Within a given area, site locations were compared with other RCRA

3004(u) site locations and CERCLA site locations to determine if and how

sites may be grouped together for characterization and remediation purposes.

Evaluation factors considered included: geographic proximity of sites, need

for action category, and potential for contamination from other nearby sites

(subsurface and surface interactions). Geographic proximity was the major

factor in site groupings. Sites within 100 feet of each other were

generally grouped together.

The need for action category was frequently readjusted to account for

nearby contamination sources. For example, three or four cribs were

adjacent to each other. One crib, based on the data evaluated, was to be

remediated while the others were used sufficiently long ago that

verification of no residual contamination was an appropriate action. Under

such circumstances, the need for action was "upgraded" to remediation

because of the influence of the nearby site.
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It is common for more than one waste management unit type to be grouped

together. Timing of characterization efforts was an additional factor in

establishing the site groupings. A more extensive site

characterization/remediation effort in one area could readily accommodate a

limited sampling effort in the same vicinity. The following sections

describe the site groupings determined in each area.

4.1.1.1 100B/C Area

In the 100B/C Area, 28 RCRA sites have been identified. Of these 28
sites, 12 may be organized into groups. The remaining 16 sites would be

addressed individually.

The 12 sites have been organized into five groups of waste sites to
facilitate scheduling and planning of anticipated additional site

investigation.

A. 116-B-6(1)

116-B-6-2

118-B-7

118-B-5

B. 116-B-10

118-B-6

C. 116-B-5

116-B-9

D. 118-B-3

118-B-2

E. 107-B

107-C

In each grouping, waste sites are as follows:

111B Crib

111B Crib

Burial Ground

Burial Ground

Dry well, Quench Tank

Burial Ground

Crib

French Drain

Burial Ground

(Construction)

Burial Ground

(Construction)

Retention basin

Retention basin (tanks)
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In the first four groups have been identified as requiring verification

that no hazardous constituents or residual contamination remains. Release

of contaminants to subsurface soil is projected to have occured at all

sites. The individual groupings are based on geographic proximity.

Group E consists of three large retention basins exhibiting residual
radioactivity and surrounded by contaminated soil, and a CERCLA site

(trench) which received effluent from the retention basins. Although these

sites are encompassed by a relatively large area (1000 feet on each side),

it is useful to consider these sites as a unit for the purpose of corrective

action as they are part of the same processing facility and the zones of

contamination for each one may be indistinguishable. Site remediation has

been recommended for both RCRA sites 107-B and 107-C.

4.1.1.2 100 D/DR Area

In the 100 D/DR Area, 24 RCRA sites have been identified. Of these 24

sites, ten may be organized into groups. The remaining sites would be

addressed individually.

The ten sites have been organized into four groups of waste sites.

Sites within each group are sufficiently close in proximity and like in

character to be treated as a unit for the purpose of site

remediation/corrective action. The groups are as follows:

A. 116-DR-4 Crib

116-DR-3 Crib

118-D-5 Burial Ground

116-DR-8 Crib

B. 116-D-3 French Drain

116-D-4 French Drain

C. 116-D-6 French Drain

116-D-2 Crib

D. 107-D Retention Basin

107-DR Retention Basin
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In Group A, subsurface soil contamination is likely to be an issue at

each site and the sites are located near one another. It has been

recommended that these sites be examined for residual contamination. In

Groups B and C, French Drains and Cribs are located in close proximity.
Again, subsurface soil contamination is anticipated to have occured and each

site should be evaluated for residual contamination. Group D consists of
two Retention Basins both of which are currently radioactive. Soil

contamination has been documented and surface water and ground water

contamination is likely to have occured. Remediation has been recommended

for both sites in this group.

4.1.1.3 100 F Area

In the 100 F Area, 22 RCRA sites have been identified. Of these 22
sites, eight sites may be organized into groups. The remaining sites would

be addressed individually.

The eight sites have been organized into four groups of waste sites to
facilitate planning and scheduling of site remediation/corrective action.
Waste sites in each of these groups are sufficiently close in proximity or
like in character to be considered as a unit. The four groups are as
follows:

Group A

118-F-1 Burial Ground

118-F-6 Solid Waste Burial Ground

Group B

116-F-13 Experimental garden

116-F-12 French drain

Group C

116-F-11 French drain

1608-F Pumping station
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Group D

118-F-4 Pit
118-F-3 Burial ground

The release of contaminants to soil is the primary issue at all of
these sites. Recommendations have been made to verify that no release has
occured, or to verify that no hazardous constituents or residual
contamination remains. The geographic proximity of the sites was a major
factor in each grouping.

In developing plans for remediation in the 100 F Area, CERCLA site 116-
F-3 is quite close to RCRA site 116-F-4 (crib) and these two sites could be
addressed together.

4.1.1.4 100 H Area

In the 100 H Area, 15 RCRA sites have been identified. These sites are
not sufficiently close enough in proximity, or like in character, to develop
RCRA "groupings" for the purposes of site remediation/corrective action.

4.1.1.5 100 KE/KW Area

In the 100 KE/KW Area, 23 RCRA sites have been identified. Of these 23
sites, ten sites may be organized into groups. The remaining sites would be
addressed individually.

The ten sites have been organized into three groups of waste sites to
facilitate scheduling/planning of site remediation and corrective action.
These sites are sufficiently close in proximity and like in character to
warrant consideration as a unit or group. The first group (A) is composed
of four RCRA sites, but is in the immediate vicinity of two related CERCLA
sites, as follows:
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Group A

183-KE Sodium dichromate tank

183-KE1 Sulfuric acid tank

183-KE2 Sulfuric acid tank

100KE*3 Filter water facility trench

(100KE*2: CERCLA site)

(100KE*1: CERCLA site)

In Group B, release of contaminants to soil is the primary issue of
concern. Recommendations have been made to verify that no residual

contamination remains, or that no release has occured.

Group B

116-KE-3 French drain

116-KE-1 Crib

105-KE Diesel fuel tank.

Group C is composed of three RCRA sites but is in the vicinity of two
related CERCLA sites. The RCRA-designated sites, release of contaminants to
soil is anticipated to have occured, and recommendations have been made to
verify that no residual contamination remains.

Group C

183-KW Sodium dichromate tank

183-KWI Sulfuric acid tank

183-KW2 Sulfuric acid tank

(100KW*2 CERCLA site)

(100KW*1 CERCLA site)

4.1.1.6 100 N Area

In the 100 N Area, 11 RCRA sites have been identified. Of these 11
sites, eight sites may be organized into groups. The remaining sites would be
addressed individually.
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The eight sites have been organized into three groups of waste sites to

facilitate scheduling/planning of site remediation and corrective action.

Waste sites within each of these groups are sufficiently close in proximity

and like in character to be treated as a unit. Group A consists of two

French drains which have received sulfuric acid:

Group A

108-N French drain

120-N-7 Acid unloading facility French drain

Soil contamination is the primary issue of concern at both sites.

Group B consists of four septic tanks. Subsurface soil contamination

is anticipated at all of these locations and recommendations have been made

to verify that no residual contamination remains.

Group B

124-N-5 Septic tank

124-N-6 Septic tank

124-N-7 Septic tank

124-N-8 Septic tank

Group C consists of two sites at which diesel oil supply line leaks had

occured.

UN-116-N-22

UN-116-N-23.

4.1.1.7 200 East Area

In the 200 East Area, 155 sites have been identified. Of these 155

sites, 118 RCRA sites may be organized into groups. The remaining sites

would be addressed individually.

The 118 sites have been organized into twenty-six (26) groups of waste

units. These units are grouped based on: (1) their proximity, (2) their
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commonalities such as type of unit, type of wastes, or type of releases to
the environment, and (3) a combination of these two factors.

The grouping of the waste units in the 200 East Area is as follows:

Group A

216-B-47
(216-B-48
(216-B-49
(216-B-50
(216-B-43
(216-B-44
(216-B-45
(216-B-46

Crib
CERCLA)

CERCLA)

CERCLA)

CERCLA

CERCLA)

CERCLA)

CERCLA)

Group B

241-BX
241-BXR-153

241-BX-155
241-BX-153
241-BXR-152

241-BX-154
241-BX-302-A

241-BX-302-B

241-BX-302-C

Tank Farm

Diversion Box

Diversion Box

Diversion Box

Diversion Box

Diversion Box

Catch Tank

Catch Tank

Catch Tank

(Sites are within confines of tank farm boundary.)

Group C

241-BY Tank Farm

241-BYR-151 Diversion Box

241-BYR-152 Diversion Box

241-BYR-153 Diversion Box

241-BYR-154 Diversion Box

(Sites are within confines of tank farm boundary.)
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Group D

241-B
241-B-151
241-B-152
241-B-153
241-B-154

241-B-252
241-BR-152
242-B
241-B-301-B

241-B-301-C

241-B-302-B

Tank Farm

Diversion Box

Diversion Box

Diversion Box

Diversion Box

Diversion Box

Diversion Box

Evaporator

Catch Tank

Catch Tank

Catch Tank

(Sites are within confines of tank farm boundary.)

Group E

216-B-35
216-B-36
216-B-37
216-B-38
216-B-39
216-B-40
216-B-41
216-B-42

Trench

Trench

Trench

Trench

Trench

Trench

Trench

Trench

Group F

218-E-2
218-E-5
218-E-9
218-E-2A
218-E-4
218-E-5A

Burial
Burial
Burial
Burial
Burial
Burial

Ground

Ground

Vault
Ground

Ground

Ground
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Group G

216-B-4
216-B-13

218-E-6
218-E-7
UPR-200-E-80

Reverse Well
French Drain

Burial Ground

Burial Vaults

Waste Line

Group H

216-B-1lOB

(216-B-10A

Group I

216-B-2-1
(216-B-2-2

Group J

216-B-3-1
216-B-3-2

Group K

241-C

241-C-252
241-C-151
241-C-152
241-C-153
241-C-154
241-CR-151
241-CR-152
241-CR-153
(Sites are

Tank Farm

Diversion Box
Diversion Box

Diversion Box

Diversion Box

Diversion Box

Diversion Box

Diversion Box

Diversion Box

within confines of tank farm boundary.)

4-10

Crib
CERCLA)

Ditch

CERCLA)

Ditch
Ditch



Group L

216-A-18
216-A-19
216-A-20
216-A-34

Group M

241-AZ-151
241-AZ-151
216-A-39

Group N

216-A-41
(216-A-40

Trench

Trench

Trench

Ditch

Diverter Station

Catch Tank

Crib

Crib

CERCLA)

Group 0

Group

Group

241-CX-70
241-CX-72
241-C-6

241-C-5
(216-C-1

P

216-C-4
216-C-3

Q

216-A-3
216-A-22
(216-A-28

Tank
Tank
Crib
Crib
CERCLA)

Crib
Leaching Pit

Crib
Crib
CERCLA)
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Group R

216-A-13
216-A-35

French Drain

French Drain

Group S

French Drain

French Drain

French Drain

CERCLA)

216-A-33
216-A-2
216-A-26A
(216-A-4

French Drain

Crib

French Drain

CERCLA)

Group V

241-A

216-A-16
216-A-17
216-A-23A
216-A-23B
241-A-152
241-A- 153
241-A-302-B

Tank Farm

French Drain

French Drain

French Drain

French Drain

Diversion Box

Diversion Box

Catch Tank

Group W

241-AY- 152
241-AY-152

Diversion Box

Diverter Station

216-A-12
216-A-14

Group T

216-A-15
(216-A-5

Group U
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Group X

216-A-1 Crib

(216-A-7 CERCLA)

Group Y

216-B-14 Crib

216-B-15 Crib

(216-B-16 CERCLA)

216-B-17 Crib

216-B-18 Crib

216-B-19 Crib

Group Z

216-B-20 Trench

216-B-21 Trench

216-B-22 Trench

216-B-23 Trench

216-B-24 Trench

216-B-25 Trench

216-B-26 Trench

216-B-27 Trench

216-B-28 Trench

216-B-29 Trench

216-B-30 Trench

216-B-31 Trench

216-B-32 Trench

216-B-33 Trench

216-B-34 Trench

216-B-52 Trench

216-B-53A Trench

216-B-53B Trench

216-B-54 Trench

216-B-58 Trench
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4.1.1.8 200 West Area

In the 200 West Area, 147 sites have been identified. Of these 147

sites, 79 RCRA sites may be organized into groups. The remaining sites
would be addressed individually.

The 79 sites have been organized into eighteen (18) groups

units. These units are grouped based on: (1) their proximity,

commonalities such as type of units, type of wastes, or type of
the environment, and (3) a combination of these two factors.

of waste

(2) their

releases to

The grouping of the waste units in the 200 West area is as follows:

Group A

216-T-14
216-T-15
216-T-16
216-T-17

Trench

Trench

Trench

Trench

Group B

216-T-26
216-T-27
(216-T-28

Group C

216-Z-6
216-Z-17
216-Z-4
216-Z-5
(216-Z-10

Crib
Crib
CERCLA)

Crib
Ditch
Trench

Crib
CERCLA)
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Group D

216-T-9

216-T-10
216-T-11

Group E

216-T-21
216-T-22
216-T-23
216-T-24

216-T-25

Group F

216-Z- 1A
(216-Z-1&2

Tile Field
CERCLA)

Group G

216-S-15
(216-S-3

Pond
CERCLA)

Group H

216-T-4-1
216-T-4-2
216-T-4

Group I

216-U-6
216-U-5
216-U-7

Ditch
Ditch
Pond

Trench
Trench
French Drain

Trench

Trench

Trench

Trench

Trench

Trench

Trench

Trench
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Group J

218-W-4A
218-W-11
218-W-1
218-W-2
218-W-3

Group K

216-Z-1
216-Z-19
216-Z-11
216-Z-9
216-U-10

Group L

218-W-7
218-W-8

Group M

241-UR-154
241-UR-153
241-U-252
241-U-153
241-UR-152
241-U-301
241-U
244-UR
(Sites are

Group N

240-S-151
240-S-152
241-S-152

Burial
Burial
Burial
Burial
Burial

Ground

Ground

Ground

Ground

Ground

Ditch

Ditch
Ditch
Ditch
Pond

Vault
Vault

Diversion Box

Diversion Box

Diversion Box

Diversion Box

Diversion Box

Catch Tank

Tank Farm

Vault

within confines of tank unit boundary.)

Diversion Box

Diversion Box

Diversion Box
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240-S-302
241-S
(Sites are

Catch Tank

Tank Farm

within confines of tank farm boundary.)

Group 0

241-SX-151
241-SX-152
241-SX-302
241-SX
(Sites are

Diversion Box

Diversion Box

Catch Tank

Tank Farm

within confines of tank farm boundary.)

Group P

241-TX-153 Diversion Box

241-TXR-152 Diversion Box

241-TXR-153 Diversion Box

241-TXR-244 Diversion Box

241-TXR-151 Diversion Box

241-TXR-155 Diversion Box

241-TX-302-A Catch Tank

241-TX-302-B Catch Tank

241-TX Tank Farm

242 Evaporator

(Sites are within confines of tank farm boundary.)

216-T-13
216-T-36
216-T-32
216-T-5
241-TR-152
241-T-152
241-TR-153
241-T-151

Trench

Crib
Crib
Trench

Diversion Box

Diversion Box

Diversion Box

Diversion Box
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241-301-B Catch Tank

241-T Tank Farm

(Sites are within confines of tank farm boundary.)

Group R

241-TY-153 Diversion Box

241-TY-302-A Catch Tank

241-TY-302-B Catch Tank

241-TY Tank Farm

(Sites are within confines of tank farm boundary.)

4.1.1.9 200 North Area

In the 200 North Area, seven RCRA sites have been identified. Of these

seven sites, two sites may be organized into groups. The remaining sites

would be addressed individually. The two sites have been organized into a

single grouping for characterization, as follows:

Group A

216-N-2 Trench

216-N-3 Trench

Both trenches have been identified for characterization to determine whether

residual contamination is present. The primary consideration is their close

proximity.

4.1.1.10 300 Area

In the 300 Area, 18 RCRA sites have been identified. Of these 18

sites, six sites may be organized into groups. The remaining sites would be

addressed individually.

The six sites have been organized into three groups of waste sites to

facilitate scheduling and planning of site remediation/corrective action.

Waste sites in these groups are sufficiently close in proximity to be

considered as a unit. These three groups are as follows:
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Group A

(no number)

(no number)

Uranium Acid Spill (313 Bldg)

Methanol Storage Tank

Group B

UPR-300-31/40

(no number)

Unplanned releases

311 Tank farm

Group C

(no number)

316-4

323 Tanks

Cribs

In addition to the three groups noted above, a group of four 600 Area

waste sites which are located at the northern end of the 300 area, have been

identified to facilitate the timing of corrective action. The four burial

grounds are sites 618-1, 618-2, 618-3, and 618-8. Sites 618-2 and 618-3

form one large continuous unit.

4.1.1.11 400 Area

In the 400 Area, five sites have been identified. Of these five sites,

two sites may be organized into one group. The remaining sites would be

addressed individually.

The one site grouping consists of "400 Area retired French drains" and

the "400 Area retired Sand bottom Trench". Both of these sites require

verification that there are no hazardous constituents associated with the

sites.

4.1.1.12 600 Area

With the exception of the four burial grounds near the 300 Area (618-1,

618-2, 618-3, and 618-8), none of the 31 waste sites in the 600 Area are in

close enough proximity to constitute a group for the purposes of site
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remediation/corrective action. The 600 Area sites should therefore be

addressed individually. However, in developing a schedule for further site
investigation and remediation, the following sites may be considered

together:

o 618-9 West Burial Ground

618-13 Contaminated Soil Burial Ground

Horn Rapids Disposal

o 618-7 Burial Ground No. 7

618-4 Burial Ground No. 4

618-6 Burial Ground No. 6

The grouping of the burial grounds was described in 4.1.1.10.

4.1.1.13 700 Area

Only one site is identified in the 700 Area. This site, an underground

tank, is the only "group" for this area.

4.1.1.14 1100 Area

In the 1100 Area, four sites have been identified. None of these sites
are in close enough proximity to constitute a group and should therefore be
addressed individually within the 1100 Area.

4.2 RCRA/CERCLA GROUPING

Site groupings at the Hanford Reservation were identified for

characterization and remediation purposes. Evaluation factors considered

included: geographic proximity of sites, need for action category, and

potential for contamination from other nearby sites (subsurface and surface

interactions). The resulting groups were assessed for each area at

Hanford. Many of the groups initially developed did not include CERCLA

sites. However, CERCLA sites in the immediate vicinity of a RCRA grouping

were identified. This section outlines the methodology used to determine

which RCRA groups can be expanded to "zones" which include both RCRA and
CERCLA sites.
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The assumptions used to evaluate the interaction of RCRA sites with

CERCLA sites include the following:

o Geographic proximity is defined for RCRA groupings as sites within

100 feet of each other and for zones the distance is increased to

300 feet. This is the major factor in both groups and zones.

o Need for action category for RCRA group as the collective

assessment of the containment provided by the site in the past and

timing of characterization efforts. The inclusion of a CERCLA

site in a zone was not determined by the need for action category.

o Potential for contamination is defined as the potential exposure

hazards, potential media, impacted, and pathway of migration for

RCRA groups. The inclusion of a CERCLA site in a zone was not

determined by the potential for contamination.

As identified in Section 4.1, there are RCRA units near CERLA units.

As a result of such proximity to a site requiring action, the need for

action previously suggested for some RCRA units is reconsidered based on the

grouping to reflect the integrated process of recommending resolutions to

waste units. For example, group E (200 West) consists of five trenches that

are located next to each other. A preliminary review indicated that only

trench 216-T-21 required remediation, while the remaining trenches (216-T-

22, 23, 24, and 25) would only require verification that there is no

residual contamination. However, because of the grouping, all trenches in

the group are recommended for remediation since the trench requiring

remediation is expected to have impacted the nearby trenches and it is

difficult to remediate one without disturbing the other units.

The Hanford Reservation's 100, 200, 300, 400, and 600 Areas sites were

analyzed based upon the existing groupings. Twenty-eight zones were

developed from RCRA groups and individual CERCLA sites. CERCLA sites were

identified and initially associated with RCRA groups based upon proximity.

Next, the compatability of unit disposal types was considered. However,

having common unit types was not the sole basis for inclusion in the zone,
since it was not uncommon for more than one waste management unit type to be
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grouped together. The type of waste and/or type of release to the

environment were assessed before a candidate CERCLA site was rejected or

included in a zone.

The twenty-eight zones can be identified by Hanford (i.e., 200 West,

Group Q, or Zone 1). The zones are ranked according to the average HRS
score of the CERCLA sites within a zone. Each zone is numbered by this

ranking system which establishes a hierarchy for group and site remediation

schedules. The twenty-eight zones and the sites which comprise them are as

follows:

Zones Description Ranking

1. Group Q (200 West) 2

2. Group A (200 East) 8
3. Group Y (200 East) 9

4. Group T (200 East) 11

5. Group G (200 West) 13
6. Group H (200 East) 15

7. Group U (200 East) 15

8. Group L (200 West) 15

9. Group A (100 F) 17

10. Group F (100 B&C) 18

11. Group X (200 East) 20
12. Group C (100 F) 21

13. Group D (100 D&DR) 22

14. Group F (100 F) 22

15. Group A (100 H) 22

16. Group A (100 K) 22
17. Group E (100 B&C) 23
18. Group G (100 B&C) 23

19. Group B (100 D&DR) 23

20. Group B (200 West) 25

21. Group C (100 K) 25
22. Group 0 (200 East) 26

23. Group F (200 West) 27

24. Group N (200 East) 32

25. Group Q (200 East) 32
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Group C (200 West)

Group I (200 East)

Group A (100 D&DR)

32

34

35

The following sections describe the zones determined in each area.

4.2.1 100 B/C Area

In the 100 B/C Area, four CERCLA sites have been identified.

sites may be included in RCRA groups to form zones.
All four

The four sites

zones to facilitate

are as follows:

Zone 17 (Group E)

107-B
107-C
116-B-1
116-C-1

have been included in three RCRA groups to form three

scheduling and planning. In each zone the waste sites

(RCRA)
(RCRA)

Zone 10 (Group F)

116-B-3
116-B-4

(RCRA)

Zone 18 (Group G)

118-C-1
118-C-2-2
116-C-2

(RCRA)

(RCRA)

4.2.2 100 D/DR Area

In the 100 D/DR Area, five CERCLA sites have been identified. Three of

the sites may be included in RCRA groups to form zones. One of the sites is
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grouped with an individual RCRA site (116-D-1A) forming a fourth zone. The

remaining site would be addressed individually. In each zone the waste

sites are as follows:

Zone 13 (Group D)

107-D
107-DR
116-DR-1
116-DR-2

(RCRA)
(RCRA)

Zone 19 (Group B)

116-D-1A
116-D-1B

(Individual RCRA site)

Zone 28 (Group A)

116-DR-4

116-DR-3
118-D-5
116-DR-8
116-DR-7

(RCRA)

(RCRA)
(RCRA)
(RCRA)

4.2.3 100 F Area

In the 100 F Area, six CERCLA sites have been identified.

may be grouped with individual RCRA sites forming three zones.

the waste sites are as follows:

All sites
In each zone

Zone 17 (Group E)

118-F-2
116-F-1

(Individual RCRA site)
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Zone 23 (Group F)

107-F

116-F-9
116-F-2

(Individual RCRA site)

Zone 18 (Group G)

116-F-4

116-F-3
116-F-6
116-F-10

(RCRA)

4.2.4 100 H Area

In the 100 H Area, three CERCLA sites have been identified. Two sites
may be grouped with an individual (118-H-5) RCRA site forming a zone. RCRA
site 118-H-5 is near the 116-H-2 and 116-H-3 CERCLA sites and may be
influencing each other (i.e., subsurface interactions). The remaining site
would be addressed individually. The waste site in the zone are as follows:

Zone 15 (Group A)

118-H-5

116-H-2

116-H-3

4.2.5 100 KE/KW Area

In the 100 K, Area four CERCLA sites have been identified.
sites may be included in RCRA group to form zones.

All four

The four sites have been included in two RCRA groups to form two zones.
In each zone the waste sites are as follows:
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Zone 16 (Group A)

183-KE
183-KE1
183-KE2
100 KE*2
100 KE*2
100 KE*1

Zone 21 (Group C)

183-KW

183-KW1

183 KW2

100 KW*2

100 KW*1

4.2.6 200 Area CERCLA Sites

In the 200 Area, 52 sites have been identified. Of these 52 sites, 38

sites may be organized into groups or zones.

In the 200 West area 14 CERCLA sites have been organized into four

groups of CERCLA-only waste units. These units are grouped based on: (1)

their proximity, (2) their commonalities such as type of unit, type of

waste, or type of releases to the environment, and (3) a combination of
these factors, with proximity being the major factor.

The grouping of the CERCLA waste units in the 200 West Area is as

follows:

Group I

216-S-15
216-S-6
216-S-17
216-S-16P
216-S-16D

Crib
Crib
Pond
Pond
Ditch
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Group II

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

Crib (2)
Crib
French Drain

Crib

Group IV

216-S-4
216-S-21

French Drain

Crib

Group IV

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

Reverse Well

French Drain

French Drain

4.2.7 200 East Area

In the 200 East Area, 26 sites have been identified. Of these 26

sites, 18 of the sites may be included in RCRA groups to form zones.

Fourteen CERCLA sites may be included in RCRA groups to form zones. Four of

the sites are grouped with individual RCRA sites to form zones. The

remaining eight sites would be addressed individually.

The 15 CERCLA sites have been included in six RCRA groups to form six

zones. Four CERCLA sites have been grouped with individual RCRA groups

forming four zones. In each zone the waste sites are as follows:

Zone 2 (Group A)

216-B-47
216-B-48
216-B-49
216-B-50
216-B-43

(RCRA)
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216-B-44

216-B-45

216-B-46

Zone 6 (Group H)

216-B-10B
216-B-10A
216-B-6

Zone 27 (Group I)

216-B-2-1
216-B-2-2

(Individual RCRA Site)

Zone 24 (Group N)

216-A-41
216-A-40

Zone 22 (Group 0)

241-CX-70

241-CS-72
216-C-6
216-C-5
216-C-1
216-C-10

Zone 25 (Group Q)

216-A-3
216-A-22
216-A-28

(Individual RCRA site)

(RCRA)

(RCRA)

(RCRA)

(RCRA)

(RCRA)

(RCRA)
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Zone 4 (Group T)

216-A-15
216-A-5

Zone 7 (Group U)

216-A-33

216-A-2
216-A-26A
216-A-4

(Individual RCRA Site)

Zone 11 (Group X)

216-A-1
216-A-7

Zone 3 (Group Y)

216-B-14
216-B-15
216-B-16
216-B-17
216-B-18
216-B-19

(Individual RCRA site)

4.2.8 200 West Area

In the 200 West Area, 20 CERCLA sites have

sites, 12 may be included in the RCRA groups to
sites are grouped with individual RCRA sites to

six sites would be addressed individually.

been identified. Of the 20
form zones. Two of the
form zones. The remaining

The 12 CERCLA sites have been included in four RCRA groups to form four

zones. Two CERCLA sites have been grouped with individual RCRA sites to

form tow zones. In each zone the waste sites are as follows:
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Zone 20 (Group B)

216-T-26

216-T-27

216-T-28

Zone 26 (Group C)

216-Z-6

216-Z-17

216-Z-4

216-Z-5

216-Z-10

Zone 23 (Group F)

216-Z-1A
216-Z-1&2

(Individual RCRA site)

Zone 5 (Group G)

216-S-15
216-S-3

(Individual RCRA site)

Zone 8 (Group L)

218-W-7
218-W-8
216-T-8

(RCRA)
(RCRA)

Zone 1 (Group Q)

241-TR-152
241-T-152
241-TR-153
241-T-151
241-301-B
241-T

(RCRA)
(RCRA)

(RCRA)
(RCRA)
(RCRA)
(RCRA)

(RCRA)
(RCRA)
(RCRA)
(RCRA)
(RCRA)
(RCRA)
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216-T-7
216-T-13 (RCRA)

216-T-36 (RCRA)

216-T-32 (RCRA)

216-T-5 (RCRA)

4.3 COST REDUCTIONS FOR RCRA/CERCLA GROUPINGS

As has been suggested previously, addressing waste management units on

an individual versus group basis has resulted in high characterization and

remediation cost estimates. These costs can be lowered substantially if

similar type units in close proximity to one another can be addressed as one

larger unit. Cost savings result for a number of reasons related to

economies of scale including decreased planning costs, reduction in the

number of required groundwater and/or soil samples, elimination of double

counting related to excavation areas and sampling, etc. The reductions in

characterization and remediation costs that can be realized by grouping

units, where possible and/or practical, are illustrated in the examples that
follow and are summarized in Table 4-1. Table 4-1 presents the number of

individual RCRA units that comprise a given RCRA group, the estimated cost
for characterizing each individual unit independent of the group, the

estimated characterization cost for characterizing the group itself, and the

estimated (RCRA) cost savings, if any, related to addressing the units as a
group. Cost savings for RCRA/CERCLA groupings are also noted. Appendix I

presents example calculations of cost reductions.

For the 56 site groups considered in Table 4-1, characterizing 342 RCRA

units individually would cost $966,254,200. By grouping the sites together,
characterization costs are an estimated $183,745,500 for a reduction of

$782,508,700 or 81 percent for the sites. Thus, the characterization costs
for RCRA sites, as estimated in Section 3.2 to be a total of $1,240,000,000

can be reduced significantly through groupings of RCRA sites or units and

groupings of RCRA sites with CERCLA sites.

Additional reductions may be achieved in remediating sites in groups or

regions.
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TABLE 4-1. COST REDUCTIONS THROUGH GROUPING RCRA SITES AND
RCRA/CERCLA SITES FOR CHARACTERIZATION

Characterization
# of Units Costs as Indivi- Characterization Estimate of

Area in Group dual Units Costs as a Group Cost Savings

100 North Area

Group B

100 K Area

Group B

Group A (R/C)

Group C (R/C)

100 F Area

Group A

Group B

Group C

Group D

Group A (R/C)

Group B (R/C)

Group C (R/C)

100 BC Area

Group A

Group B

Group C

Group D

Group A (R/C)

Group B (R/C)

Group C (R/C)

4 115,600

3

4

3

2,363,300

4,639,000

375,000

5,028,000

560,000

1,062,200

5,028,000

No change

916,100

531,100

4

2

2

2

2

1

2

6,090,200

3,045,100

1,062,200

57,800

1,832,200

531,100

3,045,100

115,600

1,415,600

438,000

250,000

2,393,300

560,000

929,400

1,307,000

No change

o00)

1,427,700

1,427,700

1,062,200

57,800

1,689,000

0o0)

2,514,000

None expected

947,700

4,201,000

125,000

2,634,700

None Expected

132,800

3,721,000

No change

916,100

531,100

4,662,500

1,617,400

None Expected

None Expected

143,200

531,100

531,100

= RCRA/CERCLA Grouping.
Costs are included in CERCLA Characterization.
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TABLE 4-1. COST REDUCTIONS THROUGH GROUPING RCRA SITES AND
RCRA/CERCLA SITES FOR CHARACTERIZATION (continued)

Characterization
# of Units Costs as Indivi- Characterization Estimate of

Area in Group dual Units Costs as a Group Cost Savings

100 D and 100 DR Area

Group B 2

Group C 2

Group A (R/C) 2

Group B (R/C) 1

Group C (R/C) 4

200 East

Groups B, C,
D, 58

Group E 8

Group F 6

Group G 5

Group K 20

Group R 2

Group S 2

Group V 13

Group Z 20

Group A (R/C) 1

Group I (R/C) 1

Group Q (R/C) 2

Group Y (R/C) 5

Group X (R/C) 1

1,062,200

1,062,200

1,832,200

No change

5,366,000

56,318,600

44,536,000

28,710,200

9,150,400

36,016,000

3,324,000

3,324,000

22,855,200

$111,340,000

1,800,800

2,651,200

3,324,000

9,004,000

1,800,800

1,062,200

1,062,200

01

No change

1,790,000

6,053,000

9,081,500

7,256,800

4,076,000

3,076,400

2,443,000

2,443,000

3,501,600

$19,625,000

00C)

2,512,000

1,662,000

4,352,000

0(0)

None Expected

None Expected

1,832,200

No change

3,576,000

50,265,600

35,454,500

21,453,400

5,074,400

32,939,600

881,000

881,000

19,353,600

$91,715,000

1,800,800

139,200

1,662,000

4,652,000

1,800,800

= RCRA/CERCLA Grouping.
Costs are included in CERCLA Characterization.
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TABLE 4-1. COST REDUCTIONS THROUGH GROUPING RCRA SITES AND
RCRA/CERCLA SITES FOR CHARACTERIZATION (continued)

Characterization
# of Units Costs as Indivi- Characterization Estimate of

Area in Group dual Units Costs as a Group Cost Savings

200 West

Group A

Group D

Group E

Group H

Group I

Group K

Group M

Group N

Group 0

Group P

Group Q

Group R

Group B (R/C)

Group C (R/C)

Group F (R/C)

200 North Area

Group A

300 Area

Group D

4

3

5

3

2

5

17

16

18

27

26

9

2

4

2

10,604,800

16,701,000

13,256,000

23,730,000

11,134,000

45,671,200

40,492,800

288,130,000

32,414,400

46,945,800

56,318,600

16,207,200

3,601,600

14,856,800

3,462,800

2 11,134,000

2 8,152,000

1,800,800

2,443,000

2,844,000

17,494,400

11,134,000

28,588,400

4,352,000

4,352,000

4,352,000

5,202,400

6,478,000

3,927,000

935,000

2,651,000

1,800,800

4,076,000

2,208,700

8,804,000

14,258,000

10,412,000

6,235,600

None Expected

17,082,800

36,140,800

283,778,000

28,062,400

41,743,400

49,840,600

12,280,200

2,666,600

12,205,800

1,662,000

7,058,000

5,943,300

M = RCRA/CERCLA Grouping.
Costs are included in CERCLA Characterization.
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4.4 MASTER SCHEDULE FOR RCRA/CERCLA GROUPINGS

Figure 4-1 presents a master schedule covering ten years of site

characterization and remediation. The schedule has been constructed in a

time line fashion to denote, with a dashed line, those time periods relating

to site characterization and to denote, with asterisks, those time periods

relating to site remediation activities. The dark solid line visually

separates the two time periods. A six month gap has been allowed between

site characterization and the beginning of site remediation to accommodate

review periods by regulatory agencies anticipated for the remedial
investigation reports.

Three lines of cost data are provided at the top of Figure 4-1. The

top line presents the yearly expenditures for site characterization. The

middle line presents quarterly totals for site characterization. The third

line presents the yearly expenditure for site remediation.

The master schedule was constructed using the following assumptions and

considerations:

o Unit schedules identified in Sections 2 and 3 were the basis for

constructing a master schedule on a site-by-site basis.

o A yearly budget of $50 million for site characterization and $100
million for site remediation was assumed. The first few years of
the program were assumed to be a phase-in period for which the

yearly budgets were less than full funding. The funding amounts

selected were based on budgets that could reasonably be

anticipated as compared to budgets anticipated at other DOE

facilities.

o CERCLA site characterization costs and schedules involved greater

than one year to complete, however, the majority of the funds were

anticipated to be expended in the first year for each CERCLA site

or grouping. Each RCRA site was considered to have expended the

budget for that site within three-fourths to one year.
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o Remediation schedules were geared towards completion within a ten
to 15 year time frame. This time frame is based on current EPA
policy regarding site cleanups: cleanups generally must be
completed within 15 years after start.

In constructing the example master schedule shown in Figure 4-1, sites
were selected for scheduling on a priority basis. CERCLA sites were
considered first. Sites with the hazard ranking of ten or less (HRS score
greater than 51) were scheduled first based on the hazard ranking regardless
of site location. Then, CERCLA sites in the 200 West Area were scheduled
because of the concerns regarding existing multiple contamination plumes.
RCRA sites grouped with CERCLA sites were kept in the listing in conjunction
with the appropriate CERCLA sites. Sites of major concern that were in the
"RCRA" section of this study were also pulled up into the listing to follow
those CERCLA sites being characterized nearby. One example is the tank
farms in the 200 West area that are pulled up into the listing.

Although the example schedule proceeds through only ten years, the site
scheduling effort found that characterization of the CERCLA sites will
involve more than ten years of time to complete. Characterization of the
RCRA sites is estimated to continue to year 25. Remediation of the sites
cannot begin until characterization is complete; and the scheduling analysis
indicated that by year 25, remediation may have begun on up to two-thirds of
the CERCLA sites given the yearly budget identified above. Less problematic
sites, such as RCRA sites requiring only sampling documentation of no
contamination problems, may need to be moved up in the schedule so that site
characterization for sites known to need remediation is not performed so far
in advance of the remediation activities that a site will need to be
recharacterized before beginning remediation.

Several limiting factors were used in this analysis. First, the number
of drilling rigs available will have a significant impact in some years on
the level of activities. The master schedule shown in Figure 4-1 is based
on having no more than 25 drilling rigs in operation at any given time.
This number was selected as being the number of the type of rigs that could
reasonably be expected to be available at one time to support the efforts at
the Hanford Reservation. It is very likely that there will be some years in
which the full $50 million characterization budget cannot be exercised
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FIGURE 4-1. EXAMPLE MASTER SCHEDULE FOR CHARACTERIZ\TION AND REMEDIATIONS FOR A TEN-YEAR PERIOD.
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FIGURE 4-1. EXAMPLE [ASTER SCHEDULE FOR CHARACTERIZATION AND REMEDIATIONS FOR A TEN-YEAR PERIOD (Continued).
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because the number of available drilling rigs is insufficient. It should be

noted that the cost of a particular remedial action could impact the ability
to startup new remediations. One or two relatively expensive actions

enacted at one time could significantly tie up available funds for several

years, thus delaying the startup of new efforts. As described above, the

planning process needs to consider such delays in setting up the

characterization schedules. Additional limiting factors to ultimately be

considered in scheduling remedial actions are the limitations in available

manpower and equipment necessary to complete the action.
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