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REQUEST FOR EXEMPTION FROM LINED TRENCH REQUIREMENTS AT
218-E-12B BURIAL GROUND TRENCH 94

1.0 INTRODUCTION

This request for exemption applies only to the decommissioned, defueled reactor compartments disposed
in trench 94 of the 218-E-1I2B Burial Ground (Figure 1- 1). This exemption request does not apply to any
other waste at the 218-E-l2B3 Burial Ground or to any other burial ground on the Hanford Facility, and is
limited to regulatory requirements addressing liner/leachate collection systems.

Decommissioned, defueled reactor compartments contain radioactivity caused by exposure of structural
components to neutrons during normal operation of the ships and submarines. In addition to radioactivity,
the reactor compartments disposed in trench 94 contain lead used as shielding and polychlorinated
biphenyls (PCBs). The lead used as shielding is regulated as a state-only dangerous waste in accordance
with WAC 173-303. The PCBs are regulated in accordance with the ISCA as PCB/radioactive waste
under 40 CFR 761 .50(b)(7), which allows for PCB disposal without taking into account the PCBs in the
waste if the PCB3 waste meets certain criteria for PCB Bulk Product Waste under 40 CFR 761.62(b)(1).

In May of 1984, the Navy issued an environmental impact statement (EIS) that evaluated alternatives for
disposal of reactor compartments from submarines preceding the LOS ANGELES (SSN 688) class
(USN 1984). Land disposal was the alternative selected. Shipment of reactor compartments from
pre-LOS ANGELES submarines to trench 94 of the 218-E-12B Burial Ground began in April of 1986.

In 1996, the Navy issued an EIS that considered the disposal of reactor plants from cruisers, and from LOS
ANGELES and OHIO Class submarines (USN 1996). The record of decision for this EIS selected
disposal by land burial of the entire reactor compartment at the LLBG. Land disposal of these reactor
compartments could require additional capacity beyond the existing size of trench 94. It might be
necessary to expand trench 94 to accommodate the additional reactor compartments.

The DOE-RL's objectives in preparing and submitting this exemption request is to request an exemption
from dangerous waste landfill liner and leachate collection and removal system (hereinafter referred to as
liner/leachate collection system) requirements for trench 94 of the 218-E-12B Burial Ground.

Revision 0 of the LLBG Part B dangerous waste permit application was submitted in December 1989 to
Ecology and the U.S. Environmental Protection Agency (EPA), Region 10. The Part B dangerous waste
permit application indicated that a request for exemption from liner/leachate collection system
requirements for disposal of the reactor compartments would be submitted to Ecology and the EPA. The
Low-Level Burial Grounds Dangerous Waste Perm it Application Request for Exemption from Lined
Trench Requirements for Submarine Reactor Compartments (Revision 0) was submitted in July 1990
(DOE/RL-90- 12).

1.1 SCOPE

This exemption request applies only to the decommissioned, defueled reactor compartments that are being
disposed in trench 94 of the 21 8-E-12B3 Burial Ground. This exemption request does not apply to any
other waste at the 21 8-E- 1213 Burial Ground or to any other burial ground on the Hanford Facility, and is
limited to regulatory requirements addressing liner/leachate collection systems.
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1.2 BACKGROUND

The 218-B-i 2B Burial Ground began receiving waste in 1967. Waste contained in the 218-B-I 2B Burial
Ground includes mixed waste, low-level waste, and transuranic waste. Trench 94 is used for the final
disposal of decommissioned, defueled reactor compartments.

The first defueled reactor compartment was placed in trench 94 in April 1986. The reactor compartments
are prepared for disposal by the Puget Sound Naval Shipyard (PSNS) in Bremerton, Washington, and are
transported by barge to the Port of Benton adjacent to the Hanford Facility and then over land to the
218-E-12B Burial Ground.

Final disposal of the decommissioned, defueled reactor compartments has been addressed in the Navy's
BISs (USN 1984, USN 1996). The EISs discuss the presence of potentially hazardous materials. Because
of the large amount of lead shielding in the reactor compartments, the BISs specifically discussed the long-
term potential hazard of the lead shielding.

Extraction procedure testing of elemental solid lead has determined that the leachate contains lead in
concentrations that would require regulation of elemental lead as a RCRA hazardous waste. However, the
EPA, in a June 1987 letter, stated that "lead whose primary use is shielding in low-level waste disposal
operations is not subject to Federal hazardous waste regulations when placed on the land as part of its
normal commercial use." This was reiterated by the EPA in a February 1991 letter (Attachment 2), which
stated that "the lead shielding contained in the SRC disposal packages is not considered to be solid waste
as defined by 40 CFR 261.2," and the EPA believes that the reactor compartment disposal packages are not
subject to regulation under RCRA. Regardless, the thick metal encapsulation of the shielding lead within
the reactor compartments, as built, already meets the RCRA treatment standards of 40 CFR 268.42,
Treatment Code MACRO, for disposal of radioactive lead solids.

The presence of the lead shielding within the reactor compartments has caused the reactor compartments to
be regulated as 'state-only' dangerous waste for disposal under WAC 173-303. The PSNS has studied the
feasibility of removing this lead from the reactor compartments (e.g., PSNS 1990a, USN 1996). These
studies found that removal of the lead would be very difficult and would result in radiation exposure to
shipyard workers ranging from about 184 to 1,065 roentgen equivalent man (rem) per reactor compartment
depending on the ship class. This exposure is orders of magnitude higher than the exposure that results
from preparing reactor compartments for disposal. Additionally, lead removal would cost about $14 to
$108 million dollars per reactor compartment depending on the ship class. Thus, both the additional
exposure and expense would be substantial. The studies concluded that the removal of lead from the
reactor compartments is not a reasonable method to mitigate the hazards associated with the lead contained
within the reactor compartments. As discussed in Section 4.2.2, lead is not expected to migrate from the
reactor compartments to groundwater for over 2 million years (240,000 years at the minimum)
(USN 1995).

The PCB impregnated wool felt sound damping material is removed from reactor compartments when
present. The reactor compartments might contain several kilograms of PCBs (typically less than
5 kilograms) tightly bound in the composition of solid materials such as thermal insulation, electric cable
coverings, and rubber items manufactured before PCBs were banned. The PCB-contamning materials are
distributed widely throughout the reactor compartment, and their removal would be difficult and would
result in significant exposure of personnel to radiation. These PCBs would be contained totally within the
fully sealed, all-welded reactor compartment structures. The PCBs would be present in materials in
concentration over the regulatory limit of 50 parts per million. In 1999, EPA agreed (Attachment 1) that
the PCBs found in the defueled reactor compartments meet the requirements for PCB bulk product waste
under 40 CFR 761 .62(b)(1) and that the disposal of the defueled reactor compartments in trench 94 of the
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218-E-1I2B Burial Ground is now in compliance with the current TSCA regulations under
40 CFR Part 761.
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2.0 BASIS FOR LINERILEACHATE COLLECTION SYSTEM EXEMPTION
REQUEST

Landfills used for the disposal of dangerous and mixed waste must meet a number of regulatory
requirements. For some of these requirements, the regulations allow exemptions provided that certain
conditions are met (Table 2-1). One of the requirements for which an exemption may be granted is the
requirement for liner/leachate collection systems. This section describes the specific regulatory
requirements for mixed waste landfill liner/leachate collection systems applicable to reactor compartments
in trench 94 and describes the conditions that must be met to obtain an exemption. The approach to be
applied to satisfy these requirements also is described, including specific performance objectives and a
criterion to be used to determine whether requirements have been met.

2.1 REGULATORY REQUIREMENTS

Requirements for mixed waste and dangerous waste landfill liner/leachate collection systems are given in
WAC 173-303-665(2). Under WAG 173-303-665(2)(a)(i), dangerous waste landfills are required to have
a liner "that is designed, constructed, and installed to prevent any migration of wastes out of the landfill to
the adjacent subsurface soil or groundwater or surface water at anytime during the active life (including the
closure period) of the landfill. The liner must be constructed of materials that prevent wastes from passing
into the liner during the active life of the facility". Under WAG 173-303-665(2)(a)(ii), dangerous waste
landfills are required to have "a leachate collection and removal system immediately above the liner that is
designed, constructed, maintained, and operated to collect and remove leachate from the landfill". Under
WAG 1 73-303-665(2)(h), a landfill unit that commences construction on a lateral expansion after July 29,
1992 must install two or more liners and a leachate collection and removal system above and between such
liners.

Provisions for exemptions from liner/leachate collection system requirements are given in
WAG 1 73-303-665(2)(b). Exemptions could be given if Ecology finds, based on a demonstration by the
owner or operator, that alternative design and operating practices, together with location characteristics,
would prevent migration of any dangerous constituents into the groundwater or surface water at any future
time. Specific requirements for exemption requests in permit applications are given in
WAG I 73-303-806(4)(h)(ii)(A). These requirements include detailed plans and engineering and
hydrogeologic reports, as appropriate, describing alternate design and operating practices that will, in
conjunction with location aspects, prevent the migration of any dangerous constituent into the groundwater
or surface water at any future time.

Gonditions for the minimum technological design requirements are contained in WAG 173-303-665(2)0).
Exemptions may be granted if the owner/operator demonstrates that alternative design and operating
practices, together with location characteristics: "Will prevent the migration of any dangerous constituent
into the groundwater or surface water at least as effectively as the liners and leachate collection and
removal systems" and "will allow detection of leaks of dangerous constituents through the top liner as least
at effectively".

2.2 APPROACH TO LINER/LEACHATE COLLECTION SYSTEM EXEMPTION
REQUEST

Washington State requirements for landfills are contained in WAG 173-303-665(2). The basic design to
which the alternate design (i.e., reactor compartment burial in an unlined trench) will be compared is the
Ecology minimum technological design specified in WAG 173-303-665(2)(h), which requires liners and
leachate collection systems.
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The results of a detailed site-specific lead migration study show that the trench 94 location characteristics
will prevent migration of lead from reactor compartments to the unconfined aquifer or to the Columbia
River for very long periods of time [hundreds of thousands of years or greater (PNL-8356)]. Available
data on the geology, geochemistry, and geohydrology of the disposal site were used to develop a
conceptual model for release and transport of lead from the reactor compartments. Laboratory studies were
performed to provide informnation needed for the model that was not available from existing databases.

The condition for exemption of minimum technological design requirements under
WAC 173-303-665(2)0) for each new landfill unit on which construction commences after January 29,
1992, and each lateral expansion of a landfill unit on which construction commences after July 29, 1992, is
that alternative design and operating practices, together with location characteristics: (i) "Will prevent the
migration of any dangerous constituent into the ground water or surface water at least as effectively as the
liners and leachate collection and removal systems" and (ii) "Will allow detection of leaks of dangerous
constituents through the top liner at least as effectively." The minimum technological design relies on the
use of engineered features (i.e., liner/leachate collection system) to prevent the release of dangerous
constituents to the environment. These features have a finite lifetime after which a release can occur and a
finite lifetime during which the features can be operated to prevent release of contaminants. The effective
lifetime of these features, therefore, is the reasonable time for which the minimum technological design
should be expected to prevent the release of dangerous constituents to the environment.

It will be demonstrated that the design and operating practice of the reactor compartment package buried in
an unlined trench will contain the dangerous constituents within the reactor compartments for a much
longer period than the expected design life of the geosynthetic liner components.

2.3 PERFORMANCE OBJECTIVES AND CRITERION

In the preceding section, conditions were established that, if met, will allow exemption from liner/leachate
collection system requirements. In this section, specific, measurable performance objectives and criterion
of the alternate landfill design are defined to determine whether these conditions have been met.

Performance is evaluated for both the active life of the unit and the period after the active life. The active
life is defined as the period from initial receipt of dangerous waste until certification of final closure, which
is effectively the period preceding installation of a cover. The period after the active life will include a
postclosure care period for the 218-E-12B Burial Ground. For the purpose of the performance evaluations,
the postclosure care period is defined as the period 30 years after final closure of the 218-E-12B Burial
Ground*. This definition is consistent with postclosure care requirements given in WAC 173-303-610(7).

The following sections establish the specific performance objectives and criterion.

2.3.1 Performance Objectives and Criterion to Demonstrate Better Performance than the
Minimum Technological Design Requirements for Liner/Leachate Collection Systems

The preamble to the final minimum technological requirement rules states that "The goal of liners and
leachate collection systems is to prevent migration by collecting and removing leachate before it can
migrate during the unit's active life and post-closure care period" (51 FR 60, p. 10708). This was
reiterated in the preamble to the rules as amended in response to the requirements of the 1984 HSWA to
RCRA (57 FR 3462). This objective recognizes that at many landfills leachate will be generated during

*The period 30 years after final closure of the 21 8-E-12B Burial Ground extends more than 30 years
beyond final closure of trench 94 because the burial ground could be closed in phases (Chapter 11.0).
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the active life and will continue to be generated during the postclosure care period. An impermeable cover
is installed at closure to promote drainage and to provide long-term minimization of liquid migration
through the landfill. Thus, the minimum technological performance objective will be the basis for
comparison. The minimum technological design performance objective is to prevent leachate migration
from the landfill unit by collecting and removing leachate before the leachate can migrate during the active
life of the unit and the postclosure care period.

Trench 94 has been in operation since 1986 without burial of the reactor compartments placed there. This
mode of operation allows flexibility in the disposal of this unique waste and this practice could continue
until installation of the final RCRA cover. The following operating practices are employed to monitor the
condition of the reactor compartments until they are buried. Each week a nuclear operator performs an
inspection of trench 94. The reactor compartments are visually inspected to verify their integrity. In
addition, trench 94 is inspected for mun-on, run-off, and erosion problems after a significant precipitation or
windstorm event. Further corrective actions are discussed in the building emergency plan (Chapter 7.0,
Contingency Plan).

The performance of the alternate design must be at least as effective as the liners and leachate collection
and removal system of the minimum technological design and must allow detection of leaks of hazardous
constituents through the top liner at least as effectively. It can be concluded that the performance of the
minimum technological design will be exceeded if generation of contaminated leachate is prevented
beyond the expected lifetime of the minimum technological design. Therefore, the performnance criterion
selected for evaluating the alternate design is as follows:

Demonstrate that the alternate design and operating practice, together with location characteristics, prevent
generation of any contaminated leachate beyond the expected design lifetime of the minimum
technological liner/leachate collection system design.

Section 4.0 demonstrates that the containment provided by the reactor compartment package outlasts the
expected design life of a liner/leachate collection system, and that no contaminated leachate will be
generated during the active life and postclosure period of the unit.

2.3.2 Performance of Designs After Expected Lifetime of a Liner/Leachate Collection System

This section addresses performance of the disposal system design after the expected lifetime of a

liner/leachate collection system.

As discussed in Sections 2.3.1 and 2.3.2, the liner/leachate collection systems are intended to prevent
migration of contaminants during the active life and postclosure care period of the unit. Liner/leachate
collection systems are not designed specifically to provide long-term control over migration of
contaminants; the cover provides that function by preventing the infiltration of water. In the preamble to
the final minimum technological requirement rules, the EPA (51 FR 60, p. 10711) stated the following:

"Based on presently available informnation, the Agency does not view liner systems as the primary means of
controlling the migration of hazardous constituents in the long term. The Agency continues to believe that
liners are best used to facilitate the collection and removal of leachate (47 FR 32284, July 26, 1982).
Because the function of liner systems then, is relatively short-term in nature, as opposed to providing
protection for many decades or even hundreds of years, the effectiveness of liners is overshadowed by
other factors that include: (1) the nature of the location of the unit with respect to climate, hydrogeology,
and population, (2) the nature of the waste in the unit, and (3) the long-term performnance of the final cover
that is placed over the unit at closure."
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For many hundreds of years, the reactor compartment package will prevent migration of contaminants.
Over the very long periods of interest with respect to preventing contaminant migration, however, neither
the liner/leachate collection system nor the reactor compartment (which will outlast the liner/leachate
collection system) will prevent contaminant migration. Over the very long timeframes under
consideration, even the cover cannot be expected to withstand the elements and remain fully functional.
Thus, the factors that most influence the potential for long-term contaminant migration are the
hydrogeologic and geochemnical characteristics of the disposal site. Therefore, Section 4.0 also addresses
the performance of the disposal system over these very long timeframes.
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Table 2-1. Regulatory Requirements for Liners, Leachate Collection, and Exemptions.

Requirement Dangerous waste regulations

Liner(s) WAG 173-303-665(2) requires liners that will prevent migration out of the
landfill during the active life.

Leachate WAG 173-303-665(2) requires a leachate collection and removal system
collection above and between liners. WAG 173-303-665(2)(h) requires a leachate

collection and removal system above and between the liners (refer to
note).

Exemption WAG 173-303-665(2)(b) allows for exemptions from liner and leachate
conditions collection requirements upon demonstrating no migration of dangerous

constituents to surface water or groundwater at any future time.

WAG 173-303-665(2)0j) allows for approval of alternative design or
operating practices upon demonstration that design will prevent migration
of dangerous constituents into the groundwater and will allow detection of
leaks of dangerous constituents through the top liner.

WAG = Washington Administrative Code.
cm/sec = centimeter per second.
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3.0 NATURE AND QUANTITY OF WASTE

This section describes the reactor compartment waste that will be disposed in trench 94.

3.1 WASTE CHARACTERISTICS

Each reactor compartment package is that section of the ship containing the nuclear reactor plant. The
nuclear reactor plant consists of the reactor vessel, steam generators, pumps, valves, and piping.
Figure 3-1 provides typical dimensions and weights of reactor compartment packages. The reactor
compartments are completely sealed by welding to prevent release of the radioactive and dangerous
materials contained within the reactor compartments. All nuclear fuel has been removed from the reactor
compartments; therefore, the radioactive materials remaining in the reactor compartments consist only of
activation products from operation of the nuclear reactors. Figures 3-2 and 3-3 provide general
cross-sections of typical submarine and cruiser reactor compartment packages. Before shipment to the
Hanford Facility, the reactor compartment is removed from the decommissioned/defueled ship. Removal
of the reactor compartment from the ship includes the following:

* Removing spent nuclear fuel from the reactor

* Removing liquids that can be pumped or drained

" Removing wool felt sound damping material that contains PCB (when present)

" Cutting and sealing radioactive system piping at the reactor compartment boundary

* Cutting the reactor compartment from the rest of the ship

* Sealing the reactor compartment with welded steel plates

* Testing the reactor compartment package to verify that all penetrations and openings have been closed
and sealed to meet U.S. Department of Transportation and Nuclear Regulatory Commission standards.

Once prepared for shipment, the reactor compartment is a completely sealed unit.

The reactor compartments each contain more than 90.7 metric tons of permanently installed lead shielding
in the form of panels or poured-in-place lead contained within thick metal sheathing plates. The thick
metal encapsulation of this lead, as originally constructed, meets the treatment standards of 40 CFR
268.42, Treatment Code MACRO, for disposal of radioactive lead solids, including lead shielding. Work
during the reactor compartment preparation process maintains this encapsulation with no treatment of the
lead shielding occurring. The PSNS has studied the feasibility of removing this lead from the reactor
compartments (Section 1.0).

The presence of the large quantity of lead as a dangerous waste constituent within the reactor
compartments causes the reactor compartments to be regulated as 'state-only' dangerous waste for disposal
under WAC 173-303.

A variety of other hazardous materials could be present in small amounts in reactor compartments,
including silver plating on electrical contacts; silver brazing alloys; cadmium plating or fasteners and
components; chromates; amines, and ethylene glycol in small pockets of residual liquid; arsenic trioxide in
glass; cyanoacrylate adhesive; and paints containing cyanide, red lead, lead napthenate, coal tar, and
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chromium trioxide. Preliminary investigations indicate these materials at below regulated levels for the
reactor compartments considered for disposal under the 1996 EIS. This is consistent with the conclusions
of earlier work conducted in support of the current reactor compartment disposal program (PSNS 1990b).
Reactor compartments constructed before the mid-1I970s also contain thousands of kilograms of asbestos in
the insulation on pipes and other components. The asbestos would be fully contained within the reactor
compartment package, complying with 40 CFR 61. The reactor compartments are a unique, integrated
waste formn that is both containment and waste. Thus, the entire reactor compartment disposal package is
the waste under evaluation. For cruiser reactor compartments, the reactor compartment forms part of the
containment that would be supplemented by exterior structure built around the reactor compartment,
enclosing the reactor compartment to form the disposal package. For these packages, the supplemental
structure would not be considered part of the waste when evaluated.

Residual liquid is removed from the reactor compartments to the maximum extent practical, while keeping
radiation exposure to workers ALARA. Federal radiation exposure guidelines require that nuclear work be
accomplished in a manner that keeps radiation exposure to workers and the public ALARA (10 CFR 20).
Proven liquid removal methodologies used for the current reactor compartment disposal program will be
adapted for the reactor compartments considered for disposal under the 1996 EIS. Residual liquid in
reactor compartments is trapped in pockets within valves, pumps, tanks, vessels, and other inaccessible
piping system components of the reactor plant and associated ship support systems (widely distributed in
over 300 discrete locations for current reactor compartments). The piping and components of the reactor
plant and associated ship support systems are designed and intended to hold water for a use other than
storage (e.g., the transfer of heat energy from the reactor to produce steam for propulsion). The reactor
plant and associated ship support systems are a part of the reactor compartment disposal package, a unique
integrated waste form that also contains a number of other structures designed to perform other functions
not related to liquid containment. However, the reactor compartment package provides multiple barriers to
liquids within the structures. Absorbent also is added to a shield tank and the reactor vessel, when
component configuration allows, in quantities calculated to absorb two times the maximum residual liquid
volume that could be present. Ecology has determined that the reactor compartment packages are
protective of the environment and in compliance with WAC 173-303 (Attachment 3).

3.2 WASTE PACKAGE STRUCTURAL DESCRIPTION

Figures 3-2 and 3-3 provide cross-sections of typical reactor compartment packages. Major structural
components are shown. The ship's hull and inner bulkheads provide barriers for containment of materials
within the reactor compartment packages and provide strength to the packages. External structures
installed by PSNS provide additional strength and containment to seal the packages.

The containment lifetime of the reactor compartment package is discussed in Section 4.0 and is based on
these figures.
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Figure 3-1. Comparison of Reactor Compartment Packages.
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Figure 3-2. General Cross-Section of Typical Submarine Reactor Compartment Package.
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Figure 3-3. General Cross-Section of Typical Cruiser Reactor Compartment Package.

3-3



This page intentionally left blank.

3-4



4.0 PERFORMANCE EVALUATION

The purpose of this section is to demonstrate that the following performance criterion is satisfied. The
criterion was established in Section 2.3. 1, as meeting the regulatory requirements for obtaining an
exemption from the lined trench and leachate collection system requirements for dangerous waste landfills.
The performance criterion is as follows:

Demonstrate that the alternate design (i.e., burial without a liner/leachate collection system) and operating
practices, together with location characteristics, prevent generation of any contaminated leachate beyond
the expected lifetime of the minimum technological liner/leachate collection system design.

Sections 2. 1.1 and 2.2.1 discuss the minimum technological requirements that hazardous waste landfills
have two or more liners and a leachate collection system above and between the liners. The liner/leachate
collection design life is discussed in Chapter 4.0, Process Information. Studies on estimated lifetimes of
geosynthetics have been performed (WHC-SD-W025-PD-001, WHC-MR-0376). It has been noted that
"buried HDPE is expected to have a lifetime of about 50 years, while more optimistic studies cite evidence
that indicates polypropylene geotextiles could survive as long as 200 years" (WHC-MR-0376).

The performance of the cover (Chapter 11.0, Closure and Financial Assurance) will affect the overall
performance of the 21 8-E- 12B Burial Ground. The cover will limit further the amount of moisture
available to corrode the reactor compartments. The amount of lead that could be reached from the waste in
trench 94, after ultimate breach of the reactor compartment containment, will be controlled by the amount
of moisture that can migrate through the cover to contact the waste and the chemistry of this moisture.

This section demonstrates that the criterion is met and that no benefit would result from using
liner/leachate collection systems.

4.1 INTEGRITY OF THE REACTOR COMPARTMENT PACKAGE

For the following reactor compartment integrity corrosion studies, credit was not taken for the presence of
the cover.

The thick structure of reactor compartment packages inherently provides a very high-integrity waste
package. The packages have substantial ability to contain waste for a long time.

Waste containers are required to be at least 90 percent full when placed in a landfill to minimize
subsidence. Although this rule is not directly applicable to the reactor compartments, which are a unique,
integrated waste form that is both containment and waste, the capacity of the reactor compartment package
structure to withstand soil loading at trench 94 was evaluated. For submarine reactor compartments
(Figure 3-2), the hull and external structure on each end make up the outer containment boundary. These
structures easily can withstand the soil pressure of burial. Cruiser reactor compartments (Figure 3-3)
would perform comparably given their thick external structure. All of the radioactivity and lead, in the
reactor compartments are contained within these boundaries. Burial of the reactor compartment packages
will not compromise their containment integrity. There will not be subsidence in the landfill cover due to
package containment failure over the cover's engineered design life as a moisture barrner.

The integrity of the reactor compartment is its ability to provide a containment barrier to prevent the lead
shielding from contacting the environment. The time required for corrosion of the reactor compartment to
allow exposure of lead to the environment depends on the corrosion rate of steel in trench 94, the thickness
of the steel barriers, and the ability of the reactor compartment to withstand soil pressure after its structure
is weakened by corrosion.
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4.1.1 Reactor Compartment Corrosion Studies

The Naval Civil Engineering Laboratory (NCEL) study (Attachment 4) quantified corrosion of reactor
compartments in trench 94 using two approaches. First, corrosion information from the National Institute
of Standards and Technology (NIST) (formerly National Bureau of Standards) test sites was researched to
obtain data from test sites with soil conditions similar to the Hanford Facility (Attachment 5). Second, the
NCEL reviewed the Underground Fuel Storage Tank Corrosion Study (WHC-EP-05 07), which reported
the results of the inspection of recently unearthed fuel storage tanks on the Hanford Facility to determine
their rate of corrosion. The following discussion is derived from these studies.

Steel buried in soil experiences both general and pitting* corrosion. General corrosion is the type of
corrosion that is uniformly distributed over a metal surface. Conversely, pitting corrosion is a localized
corrosion that results in small pits or cavities randomly distributed over a surface. The pits result from
variations in the environment in contact with the surface of the steel that cause local variations in the
corrosion rate. It is important to note that for carbon steel, the pitting rate decreases with time because of
corrosion products that accumulate on the surface of the metal and that retard the pitting process. Thus, in
the early years of burial, steel will exhibit a higher pitting rate. As the corrosion products accumulate on
the steel surface, the pitting process slows down. The pit will continue to get deeper, but at a progressively
decreasing rate.

Factors that affect the rate of corrosion of steel in soil include soil resistivity, soil chloride content, soil
sulfate content, and soil acidity (pH). Site-specific data were collected at trench 94 to determine the
corrosion potential of the soils in which the reactor compartments will be buried.

The soil resistivity was measured at depths of 3, 6, 9, 12, and 15 meters at each of six locations around the
perimeter of and adjacent to trench 94 using the Wenner Four Electrode Method [Standard
Method G-57-78 (ASTM 1989)], identified in Attachment 6. The results of this investigation indicate that
the soils at and near trench 94 are generally of high resistivity and present a low corrosion potential. Soil
resistivity values ranged from 10, 140 ohm-centimeter to 166,3 05 ohm-centimeters, with an average of
3 1,000 ohm-centimeter. For comparison, values above 10,000 ohm-centimeters are considered by the
National Association of Corrosion Engineers (NACE) to indicate low relative corrosion rates. Although
resistivity is a good indicator of soil corrosivity, the resistivity data used alone do not allow calculation of
site-specific corrosion rates for the reactor compartments in trench 94.

Soil samples were taken from representative locations in trench 94 and tested for moisture content and soil
chemistry, including pH, and chloride and sulfate concentrations.

Information from NIST corrosion test sites with soil characteristics comparable to those at trench 94 was
evaluated. These sites (Springfield, Ohio; Los Angeles, California; and Salt Lake City, Utah) provided a
good indication of expected corrosion rates for trench 94. Corrosion data from these NIST test sites
showed a pitting corrosion rate that ranged between 0.005 8 and 0.009 1 centimeter per year for bare
uncoated steel. These comparisons are shown in Attachment 4, Table 1. The NCEL predicts the pitting
corrosion rate for trench 94 actually to be lower than the values from the comparison sites because the soil
resistivity at the 21 8-E- 12B Burial Ground is significantly higher than at the comparison sites.

*The term 'pitting' used in this report refers to the type of local corrosion that forms pits when carbon

steels corrode in soil and where the rate of pit propagation decreases with time. This is not the same as
pitting corrosion associated with passive metals such as stainless steels when these steels are exposed to
solutions containing halide ions, where the rate of pit propagation increases with time.
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Based on these comparisons, the maximum pitting rate is predicted to be no more than 0.0089 centimeter
per year. A linear projection predicts a maximum pit depth of 0.89 centimeters in 100 years. However, a
pit depth of 0.254 centimeter in 100 years is more likely (averages to an expected pitting rate of
0.0025 centimeter per year) because of the benign conditions that are established in the controlled burial of
reactor compartments in trench 94, and the fact that the pitting rate for steel buried in soil will not follow a
linear rate, but actually will decrease with time.

These predicted values were supported by the data obtained from inspection of fuel storage tanks
unearthed at the Hanford Facility (WHC-EP-0507). Sixteen underground fuel storage tanks were exhumed
from soil between 1989 and 1990. These tanks were constructed of carbon steel somewhat similar to the
steel of the reactor compartments. The tanks had been buried for as long as 46 years and provided good
evidence of the expected performance of steel buried at the Hanford Facility over long periods
(WHC-EP-0507).

An independent review of the NCEL study was performed by NIST, who combined the NCEL data from
comparison sites and performed a linear regression analysis to evaluate the validity of the linear model
used by NCEL to predict pitting at 100 years (Attachment 5). Based on analysis of these data, the
expected maximum pit depth in samples buried at the NIST sites for 100 years is 0.553 + 0.262
centimeter) with a 99 percent confidence interval (dashed lines Figure 1, Attachment 5). This averages to
a pitting rate of 0.005 ± 0.00 14 centimeter) per year (solid line of Figure 1, Attachment 5). Considering
that trench 94 has higher resistivity than the NIST sites used for comparison, and considering that a linear
projection to estimate maximum pit penetration provides a conservative estimate, the NIST review
indicated that the estimated maximum pit depth in steel buried in the trench 94 environment will be less
than 0.89 centimeter after 100 years with an expected pit depth of 0.25 centimeter in 100 years being
reasonable. These 1 00-year pit depths, when converted to linear pitting rates, result in a maximum pitting
rate of 0.0089 centimeter per year and an expected pitting rate of 0.0025 centimeter per year.

4.1.2 Reactor Compartment Package Expected Lifetime

Based on the containment thicknesses presented in Section 3.2, and the predicted corrosion rates, the
containment lifetime of the reactor compartments can be calculated. For submarine reactor compartments,
the earliest time to penetration of the 1.27-centimeter-thick plates (covering small diameter hull
penetrations on older reactor compartments at trench 94) is 143 years, using the maximum pitting
corrosion rate of 0.0089 centimeter per year. Using the expected pitting corrosion rate of
0.0025 centimeter per year, the covers would not be penetrated for 500 years. It would take 1.5 times as
long to penetrate the 1.9-centimeter-thick hull penetration covers currently installed on submarine reactor
compartments and the minimum 1.9-centimeter-thick plate forming the ends of submarine reactor
compartment packages. It would take even longer to penetrate the minimum 3.18-centimeter-thick exterior
structure of cruiser reactor compartment packages.

Pitting corrosion of the 1.27-centimeter-thick cover plates is, however, unlikely to be the controlling factor
in exposing contaminants to the soil. Pitting corrosion initially would result in only very small pits
(0. 159 centimeter diameter) randomly distributed over the surface of the reactor compartment. Because of
the arid climate, and dry nature of in situ soil at trench 94, the soil above the reactor compartments (when
buried) is not expected to become saturated with water, and thus moisture should not separate from the soil
and enter pits at the reactor compartment surface. In addition, these pits will not allow soil to enter the
reactor compartment in any significant quantity. Because of the geometry of the reactor compartment,
small amounts of soil entering through pits in the 1.27-centimeter covers will not contact contaminants.
Oxygen depletion will inhibit corrosion in the sealed reactor compartments until the time the containment
is penetrated by external corrosion. An analysis of corrosion failure of the reactor compartments indicates
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that the first significant contact of soil with lead probably will occur when general corrosion weakens
external containment structures to the degree where soil loading causes the structures to rupture.

Pitting corrosion rates are based essentially on the depth of the deepest pit measured on a test surface.
Figure 4-1 depicts a typical corrosion profile on a corroded steel surface. Pit depth and volume, shown by
the solid line, vary across the surface. This variation can be normalized across the corroded surface to a
uniform reduction in metal thickness (shown by the dashed line). This is accomplished by measuring the
weight loss of the corrosion specimen, converting to a metal volume loss by use of a material density, and
applying this volume loss across the entire surface. Dividing this uniform thickness reduction over a time
period produces a general (uniform) corrosion rate. General corrosion rates in soils are significantly lower
than pitting rates. Table 4-1 is a list of 'maximum penetrations' (pitting rates) and 'average penetrations'
(general corrosion rates) derived from NIST corrosion test sites. The ratio of pitting rate to general
corrosion rate is called the pitting factor. To estimate the general corrosion rate from a predicted pitting
rate, the pitting rate is divided by the pitting factor. As shown, the general corrosion rates in soils
considered to be similar to those in trench 94 are approximately 10 times less than the pitting rates (pitting
factor of 10). To be conservative, general corrosion rates for trench 94 were estimated using a pitting
factor of 6, thus set at 1/6th the pitting rates predicted by NCEL vice I/10 th as the data would suggest.
Using this ratio, the maximum long-term general corrosion rate for trench 94 would be 0.00 15 centimeter
per year based on the maximum 0.0089 centimeter per year pitting rate predicted by NCEL. Similarly, an
expected long-term general corrosion rate of 0.000 5 centimeter per year would be calculated from the
expected pitting rate of 0.002 5 centimeter per year.

General corrosion eventually will cause reactor compartment package containment structures to be unable
to resist the pressure exerted by the soil, causing the structures to rupture. The capacity of these structures
to withstand soil loading is evaluated. The minimum 1.9-centimeter-thick containment structure forming
the ends of submarine reactor compartment packages (spanning most of the hull diameter) is expected to
be the limiting case in this regard, rupturing before the small cover plates. The earliest time at which
rupture occurs is approximately 600 years, using the maximum general corrosion rate of 0.0015 centimeter
per year. Using the expected general corrosion rate of 0.0005 centimeter per year, rupture would not occur
for approximately 2, 100 years. Even then, only a small amount of lead would be exposed because there is
typically 0.95-centimeter-thick steel plate covering the lead shielding panels inside the reactor
compartment packages. Cruiser reactor compartments are expected to be as durable as submarine reactor
compartments due in part to the minimum 3.18-centimeter-thick external structure of these reactor
compartment packages.

It is important to note that the structures being discussed are separated from the internal shielded bulkheads
of the reactor compartment. Even after the external containment structures begin to fail, structural support
would be provided by the internal shielded bulkheads and, for submarines, also internal hull stiffeners,
which have not been exposed to soil.

It is concluded that pitting corrosion will not penetrate the thinnest containment plating (the small
1.27-centimeter-thick hull penetration covers on submarine reactor compartments) for at least 143 years
and more likely about 500 years; however, this penetration would not result in generation of contaminated
leachate. Using a conservative approach, the first potential generation of contaminated leachate would not
occur for about 600 years at the minimum and more likely about 2,000 years, as a result of general
corrosion and soil pressure causing the rupture of external containment structures allowing soil to enter
areas containing lead shielding.

4-4



4.2 LEAD MIGRATION

Leachate can be generated when waste is contacted by moisture that infiltrates down through the soil. The
characteristics of the leachate, combined with the geochemical and geohydraulic properties of the soil,
detennine how quickly and at what concentration contaminants will reach groundwater. This section
discusses the potential of the lead shielding in the reactor compartments to dissolve and migrate to
groundwater (the unconfined aquifer) and to surface water (the Columbia River).

Lead is relatively stable and insoluble in the environment and does not readily form leachate through
dissolution or by soil chemical reactions. Additionally, soil has a strong tendency to adsorb lead and lead
compounds. Thus lead will not migrate readily from the reactor compartments to groundwater. However,
the detrimental health effects of lead cause lead to be of concern in drinking water, even at very low
concentrations. Therefore, the DOE-RL considers that there would be an inherent responsibility to
evaluate the potential for the lead in the reactor compartment to migrate to groundwater and to potential
future downstream users, even if this were not required to support a request for exemption from lined
trench requirements.

4.2.1 Lead Migration Analysis

A lead migration analysis was conducted by PNL using the site-specific information of trench 94
(PNL-8356). The following discussion summarizes the results of the report.

Over the future millennia, the reactor compartments will be subject to degradation by the natural
environment, primarily through corrosion caused by chemical weathering, and dissolution by vertically
infiltrating water. The resulting leachate (infiltrating water containing solute) will drain downward
through the unsaturated vadose zone under the influence of gravity until the leachate enters the unconfined
aquifer, where the leachate would disperse and would be transported to the Columbia River. Some
materials are transported at the same velocity as the water in which the materials are dissolved. Others are
retarded by soil adsorption mechanisms. These mechanisms are represented by a retardation factor (R),
which is the ratio of the velocity of the water to the velocity of the solute. These transport processes occur
very slowly in the dry, slightly alkaline Hanford Facility soils.

The potential for lead within the reactor compartments to enter groundwater under the 21 8-E-12B Burial
Ground was investigated by examining available data on the geology, geochemistry, and geohydrology of
the 218-B- 12B Burial Ground. The data were used to develop a conceptual model for release and transport
of lead from the reactor compartments. This model assumes that the geology of the site will remain
constant over the future millennia. The characteristics of the Hanford form-ation beneath the burial ground
were investigated using existing data and by sampling soil from the excavated faces of trench 94. Strata in
the faces of trench 94 were mapped, and drilling logs from boreholes and wells adjacent to the 218-E-12B
Burial Ground were used to map sediment in the strata between the floor of trench 94 and the basalt
formation. Sediment samples collected at trench 94 and a limited number of samples from borehole
cuttings were tested to determine their physical and hydraulic properties, including grain size distribution,
moisture content, porosity, permeability, and bulk density.

The solubility of lead in Hanford Facility soils and groundwater was predicted using the MINTEQ
computer code (PNL-6 106) along with groundwater chemistry data from laboratory analysis of samples
from an onsite monitoring well. Laboratory batch adsorption studies and flow through soil colun studies
were conducted to determine the distribution coefficient (Rd) for lead adsorbed on Hanford formation
sediments. These studies also included experiments to determine the effect of other major materials in the
reactor compartments, such as nickel, to compete with lead for adsorption by the soil. The retardation
factor (R) was calculated using the distribution coefficient (Rd), soil bulk density, and soil porosity.
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Computer modeling was employed to quantify the rate of groundwater movement through the vadose zone
and the unconfined aquifer, and to predict the rate of lead migration from trench 94 to downgradient
locations. The CFEST code was used to produce a two-dimensional model of the regional aquifer to
obtain parameters necessary for the lead transport analysis. The TRANSS code (PNL-6029) was employed
to simulate mass flow and transport through the vadose zone and the unconfined aquifer using a
one-dimensional stream tube approach. This approach is similar to that used in previously published
documents for the Hanford Site (DOE/EIS-01 13; DOF/EIS-Ol 19D). The TRANSS code used for the
modeling is a less sophisticated code than the VAM3D or PORFLO-3 codes. The TRANSS code was
selected because it had been used in previous onsite studies (e.g., DOE/EIS-01 13; DOF/EIS-Ol 19D). The
TRANS S code provided a relatively uncomplicated approach to generate a conservative model of lead
migration. A conservative code uses weighted input parameters to generate the shortest likely migration
times and the largest likely groundwater concentrations. Extensive conservatism was built into the
one-dimensional TRANSS code analysis.

Results were obtained for a single reactor compartment and for 120 reactor compartments in trench 94,
using both current climactic conditions and a potential future wetter condition. The 'recharge' volume of
water moving down through the soil was established as 0.5 centimeter per year for the current climate case
and 6.0 centimeters per year for the wetter condition, which generally is consistent with values used in
other Hanford Site environmental impact studies (DOF/EIS-Ol 13; DOE/EIS-01 19D). Neither scenario
takes credit for the cover. The models were used to calculate the travel times and potential lead
concentrations in the aquifer 100 meters from the reactor compartment burial site, and at a well location
5 kilometers downstream. The travel times and potential concentration of lead in the Columbia River also
were calculated.

The results from the PNL lead migration study (PNL-83 56) were extrapolated (USN 1995) to consider the
cumulative effects of the disposal at trench 94 of all of the reactor compartment types shown in Figure 3-1.
A total of 220 reactor compartments were considered in the extrapolation for a conservative estimate of

impact. The extrapolation incorporated refinements in the migration modeling developed by PNL after the
original lead migration study, namely a more accurate estimate of the amount of recharge water contacting
reactor compartments and a more accurate aquifer streamtube dimension. These refinements tended to
reduce predicted lead concentrations in the aquifer. The very long times predicted by PNL for lead to
migrate to groundwaters were unchanged.

4.2.2 Lead Migration Results

The results of the lead migration studies indicate the following (as extrapolated for 220 reactor
compartments at trench 94) (USN 1995; PNL-83 56).

" For an arid climate similar to present conditions at a recharge rate of 0.5 centimeter per year:

- Lead would not reach the unconfined aquifer for 2.2 million years

- The maximum predicted concentration of lead after 2.2 million years is 4 parts per billion at
100 meters and at 5 kilometers from the reactor compartment burial site

- Lead would not reach the Columbia River for 2.8 million years

- The quantity of lead entering the Columbia River would not exceed 94 grams per year (not
presented in USN 1995).

* For the wetter condition at a recharge rate of 6 centimeters per year:
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-Lead would not reach the unconfined aquifer for 240,000 years

- The maximum predicted concentration of lead after 240,000 years is 26 parts per billion at
100 meters and at 5 kilometers from the reactor compartment burial site

- Lead would not reach the Columbia River for 740,000 years

- The quantity of lead entering the Columbia River would not exceed 1, 110 grams per year (not
presented in USN 1995).

It is important to note that these studies are very conservative.

* The modeling does not account for the presence of a (moisture barrier) cover.

* The studies conservatively assume that all moisture contacting lead dissolves lead to the maximum
concentration of lead that the moisture can hold (i.e., the lead solubility limit). Conservative lead
solubilities are assumed at about twice the value obtained through laboratory testing.

* The adsorption of lead in soil is characterized with a Rd that effectively shows the ratio of lead
adsorbed in soil to that remaining in solution. Conservative values for this coefficient are assumed at
about one-half the values obtained through laboratory testing.

* The one-dimensional TRANSS code simulation of lead mass transport modeling assessed the
magnitude of potential problems resulting from contaminant migration. The code was used as a
conservative screening tool. In general, this less sophisticated code would be expected to overestimate
groundwater concentrations when compared with the results of two- and three-dimensional
groundwater flow and transport codes (PNL PNL-8356). The calculations indicate that any lead
migration will be tens to hundreds of thousands of years into the future, and the resulting groundwater
concentrations will be low.

4.3 DEMONSTRATION THAT PERFORMANCE EVALUATIONS SATISFY
PERFORMANCE CRITERION

This section demonstrates that the results of the previous performance evaluations satisfy the performance
criterion of Section 2.3, which was established to determine if the regulatory requirements of
WAC 173-303 for exemption from liner/leachate collection system requirements are met.

4.3.1 Demonstration of Better Performance than Minimum Technological Design Requirements
for Liner/Leachate Collection Systems

Section 4.1.2 contains an estimate of the containment lifetime of reactor compartment packages buried in
trench 94 using site-specific corrosion studies. Without credit for the cover, and using the 'maximum'
pitting corrosion rate of 0.0089 centimeter per year, the first pit would not penetrate the containment for at
least 143 years. Using the more probable 'expected' pitting corrosion rate of 0.0025 centimeter per year,
the first pit would not penetrate the containment for 500 years. These first small penetrations would occur
in the minimum 1.27-centimeter-thick cover plates and would not result in the generation of contaminated
leachate. It is estimated that the first potential for generation of contaminated leachate would not occur
until general corrosion caused structural failure that allowed the surrounding soil to contact lead. This
event would not occur for about 600 years at a minimum, and more likely for about 2,000 years after
burial.
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It is clear that the optimistic estimate of liner design life falls far short (by an estimated 500 years) of the
conservative estimate of reactor compartment containment lifetime (i.e., based on 'maximum' corrosion
rates). Thus, the performance criterion is satisfied.

Trench 94 has been in operation since 1986 without burial of the reactor compartments placed there. This
mode of operation allows flexibility in the disposal of this unique waste and this practice could continue
until installation of the final RCRA cover. The following operating practices are employed to monitor the
condition of the reactor compartments until these are buried. Each week a nuclear operator performns an
inspection of trench 94. The reactor compartments are visually inspected to verify their integrity. In
addition, trench 94 is inspected for run-on, run-off, and erosion problems after a significant precipitation or
windstorm event. Further corrective actions are discussed in the building emergency plan (Chapter 7.0,
Contingency Plan).

4.3.2 Demonstration of Long-Term Performance of the Disposal System

Section 4.2.2 summarized the results of the site-specific lead migration studies. The PNL study (PNL
PNL-8356) showed that lead is strongly retained by soil adsorption. This result was not affected by the
addition of reactor compartments to trench 94 (USN 1995). For the current arid climate condition, using
conservative assumptions and the immediate availability of soluble lead, with conservative modeling, lead
would not migrate to the aquifer at 100 meters from trench 94 for at least 2.2 million years or to the
Columbia River for at least 2.8 million years.

For a potential future wetter condition, using the same conservative assumptions and modeling, lead would
not migrate to the aquifer at 100 meters from trench 94 for at least 240,000 years or to the Columbia River
for at least 740,000 years.

These timeframes are well beyond the time the Hanford Site geological and hydrological features could be
transformed by glacial flooding and scouring (DOE/EIS-0l 13, p. 3.58). The predicted timeframe for
return of an ice age is 40,000 to 50,000 years (DOE/EIS-0l 13, p. 5.25). Studies based on previous ice age
events postulate that breakthrough of ice dams on upper tributaries of the Columbia River will produce
glacial flooding in the Hanford Basin, which reasonably could be expected to scour out the waste sites to a
depth of several meters. Then, as flood waters back up at Wallula Gap, the water velocity markedly would
decrease and most of the sediments and waste probably would be reworked and redeposited within the
Pasco Basin (PNL-5 684). Waste in burial ground trenches could be scoured out and either would be
carried to the ocean or redeposited along with other sediments in the Pasco Basin. The Hanford Site
defense waste EIS indicated that "In any event, such floods would obliterate most evidence of civilization
along the Columbia River" (DOE/EIS-0l 13, p. 5.25). Thus, it is generally accepted that events that
reasonably cannot be expected to occur within a 1 00,000-year timeframe should not be considered in
environmental evaluations. In fact, most studies are limited to 10,000 years, with a period of interest
occasionally extending up to 100,000 years.

It is clear that even the most conservative estimate of the time for lead to reach groundwater or surface
water significantly exceeds the timeframes of concern.

4.4 SUMMARY

The information presented in this section has demonstrated that the reactor compartments will outlast, by a
considerable margin, the estimated design life of a liner/leachate collection system. This section also has
demonstrated that the lead in the reactor compartments will not migrate to groundwater before a timeframe
that is beyond the geologist's ability to predict future geologic conditions. These demonstrations satisfy the
regulatory requirements for exempting trench 94 from liner/leachate collection system regulatory
requirements.
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The strong structure of the reactor compartments and the low corrosion rates identified for buried steel at
trench 94 provide an excellent barrier to the generation of leachate from the waste. The dry climate and
native soil together will further limit any potential movement of lead from the waste. Even when
considering future wetter conditions, lead would not reach the groundwater aquifer for about
240,000 years. Over this time, impacts from human activities and geologic events (e.g., next ice age)
would be far greater than any impacts from the lead.

Trench 94 has been in operation since 1986. The reactor compartments placed there have not been
covered. This mode of operation allows flexibility in the disposal of this unique waste and this practice
could continue until installation of the final RCRA cover. Weekly inspections of the waste and trench are
conducted and will continue until the reactor compartments are buried.

The beneficial site and waste characteristics combined with the operating practices for trench 94 ensure
that human health and the environment are protected adequately by the proposed alternative of land
disposal of the reactor compartments in an unlined trench with a cover.
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Figure 4-1. Typical Corrosion Profile.
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Table 4-1. National Institute of Standards and Technology Corrosion Test Site Data.

Test site Maximum penetration Average penetration rate Pitting
rate (inches per year) factor*

(inches per year)

Springfield, Ohio 0.00355 0.00037 9.59

Los Angeles, California 0.0033 8 0.00028 12.07

Salt Lake City, Utah 0.00229 0.00023 9.96

*Pitting factor = maximum penetration/average penetration.

For conversion to centimeters, multiply inches by 2.54.
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5.0 REQUEST FOR EXEMPTION FROM LINED TRENCH REQUIREMENTS

Section 4.0 provides the following:

* Performance of the proposed alternate design in preventing migration of the only WAC 173-303
regulated dangerous waste constituent, the shielding lead; and performance results from the ability of
the site characteristics to strongly attenuate migration of this constituent

* Demonstrates that this performance satisfies the previously stated conditions for waiving liner/leachate
collection system requirements (i.e., there is no technical advantage to installing a liner/leachate
collection system at trench 94)

" Concludes that not only are the regulatory criteria for waiving liner/leachate collection system
requirements satisfied, but in addition, operating practices are employed that are protective of the
environment.

Thus, the DOE-RI hereby applies for an exemption from the dangerous waste landfill liner/leachate
collection system requirements specified in WAG 173-303-665(2)(a) and WAG 173-303-665(2)(h), under
the provisions of WAG 173-303-665(2)(b) and WAG 173-303-665(2)0j), for disposal of reactor
compartments in trench 94 of the 218-F-i 2B Burial Ground on the Hanford Facility.
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ATTACHMENT 1

LETTER 11/01/99 FROM M. A. RUSSELL (U.S. ENVIRONMENTAL PROTECTION
AGENCY) TO J. A. RASSMUSSEN (U.S. DEPERATMENT OF ENERGY, RICHLAND

OPERATIONS OFFICE) REGARDING "TERMINATION OF THE COMPLIANCE
AGREEMENT BETWEEN THE UNITED STATES DEPARTMENT OF ENERGY,

RICHLAND OPERATIONS OFFICE AND THE UNITED STATES ENVIRONMENTAL
PROTECTION AGENCY, REGION 10, SEATTLE, WASHINGTON (MARCH 1990).

WITHDRAWAL OF THE TOXIC SUBSTANCES CONTROL ACT (TSCA) INTERIM
APPROVAL, DOE/RL-90-12 REVISION 2, JUNE 1994"
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UNITED STATES EW~iRONMENTAL.PROTEC71ON AGENCY
REGION 10

1200 Sbth Avenue
Seattle, WA 98101

November 1, 1999

Reply To

Attn Of- WCM-128

Mr. James A. Rassmussen, Director
Environmental Assurance, Permits

and Policy Division
Department of Energy
Richland Operations Office
P.O. Box 550
Richland, Washington 99352

Dear Mr. Rassmussen:

Re: Termination of the Compliance Agreement between the United States Department
of Energy, Richland Operations Office and the United States Environmental
Protection Agency, Region 10 , Seattle, Washington (March 1990).
Withdrawal of the Toxic Substances Control Act (TSCA) Interim Approval,
DOEIRL-90-12 Revision 2, June 1994.

This letter is in response to your August 9, 1999, letter regarding the Compliance
Agreement between the United States Department of Energy, Richland Operations Office,
and the United States Environmental Protection Agency, Region 10, Seattle, Washington.
We have completed our review of your August 9, 1999, letter and concur that the
Compliance Agreement regarding the disposal of polychlorinated biphenyls (PCBs) in
Navy reactor compartments at Hanford Trench 94 is no longer necessary given the June
29, 1998 PCB Disposal Amendments, and the June 24, 1999 PCB Disposal Technical
Amendments. We are therefore terminating our March 1990 Compliance Agreement and
we withdraw our June 1994 Toxic Substances Control Act (TSCA) Interim Approval of
your application.

It is our understanding that the Navy reactor compartmcnts are PCB/radioactive
waste under 40 CFR § 761.50(b)(7) which allows for PCB disposal without taking into
account the PCBs in the waste if the PCB waste meets certain criteria such as being a PCB
bulk product waste under 40 CFR § 761.62(b)(1). We agree that the small amounts of PCB;
waste within the Navy reactor compartment meets the requirements for PCB bulk product
waste under 40 CFR § 761.62(b)(1). The disposal of the Navy reactor compartments at
Hanford Trench 94 is now in compliance with the current TSCA regulations under 40 CFR
Part 761. We also understand that the Navy will continue to remove PCB impregnated
sound damping felt found in older submarines.

RECEIVSD
NOV 4 19
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We further understand that a dangerous waste permit is being obtained for
Hanford Trench 94 from the Washington State Department of Ecology. Our concurrence
and resulting termination of the PCB Compliance Agreement and withdrawal of approval
of your TSCA Interim Approval application does not effect the Washington State permit
status.

If any additional information is required, please contact Daniel Duncan, Regional
PCB Program Manager, Solid Waste and Toxics Units, Office of Waste and Chemicals
Management, on (206) 553-6693.

Sincerely,

Michael A. Busse ,Director

Office of Waste and Chemicals Management
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ATTACHMENT 2

LETTER 02/01/91 FROM M. GEARHEARD (U.S. ENVIRONMENTAL PROTECTION
AGENCY) TO K.W. BRACKEN (U.S. DEPARTMENT OF ENERGY, RICHLAND

OPERATIONS OFFICE) REGARDING "REGULATION OF SUBMARINE REACTOR
COMPARTMENT DISPOSAL PACKAGES"
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United States P4e.n 10 AJaskz
Environmtental Protec-pof 12d0 Sixth Avenue Icario
Agency Seatte WA 98101 Oregon,

or" "I PAFebruary 1, 1991.

Reply To
Attn Of: HWq-074

Kenneth W. Bracken, Acting Director
Waste Management Division
Department of Energy
Richland operations office
P.O. Box 550 (A5-21)
Richland, Washington 99352

Re: Regulation of Submarine Reactor compartment Disposal Packages

Dear Mr. Bracken:

The U.S. Environmental Protection Agency (EPA) Region 10 has
recently reviewed the regulation of the Submarine Reactor
Compartment (SRC) disposal packages under the Resource
conservation and Recovery Act (RCRA). The lead shielding in the
SRC disposal packages is considered by EPA Region 10 to be an
integral part of the container and still serving its intended

I.) primary purpose. Therefore, the lead shielding contained in the
SRC disposal packages is not considered to be solid waste-as
defined by 40 CFR S 261.2. This position is consistent with the
enclosed EPA-Headquarters policy and guidance regarding lead used
as shielding. In addition, since the lead shielding is not a
RCRA hazardous waste, it is not subject to the tr-eatment
recruirements under RCRA for a D008 radioactive lead solid as
defined in 40 CFR S 268.42, Table 3. The SRC lead shielding is,
however, regulated as a "state only dangerous waste"i by the
Washington State Department of Ecology.

EPA Region 10, based on a review of the Puget Sound Naval
Shipyard, March 12, 1990 "Reactor Compartment Disposal Package
Hazar dous Material Investigation" and December 12, 19.90
"Engineering Report of Liquid Removal from Submarine Reactor
Compartment Disposal Packages", believes that the SRC disposal
packages are no-t subject to regulation by EPA Region 10 under
RCRA. The EPA Region 10 will, however, continue to regulate the
polychlorinated biphenyls (PCBs) contained in the SRC dispiosal
packages in accordance with the Toxic Substances Control Act
(TSCA). Until such time as the TSCA chemical waste landfill
approval is granted, the Department of Energy (DOE) must continue
to operate under the terms of the March 27, 1990 TSCA Compliance
Agreement regarding PCB disposal for the ,SRC disposal packages..
If any additional information pertinent to the regulation of the
SRC disposal packages becomes available, the DOE must informa
EP A Region 10 of any changes. R~ECEIVED

FEB 1 11991
DO_-8LIAMR "'

T01_Trn1)
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If any additional information is required, please contact
Daniel Duncan at (206) 553-6693/FTS 399-6693.

Sincerely,

Michael Gearheard, Chief

Waste Management Branch

cc:

Paul Day, EPA
Tom Eaton, Ecology
Toby Michelena, Ecology
Timothy Nord, Ecology
Roger Stanley, Ecology
Captain Arthur Clark, PSNS
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ATTACHMENT 3

LETTER FROM WASHINGTON STATE DEPARTMENT OF ECOLOGY
TOU.S. DEPARTMENT OF ENERGY, RICHLAND OPERATIONS

OFFICEREGARDING REACTOR COMPARTMENT COMPLIANCE WITHLAND
DISPOSAL RESTRICTIONS
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STATE OF WASHINGTON

DEPARTMENT OF ECOLOGY
1315 W 4th Avenue *Kennewick, Washington 99336-6018 *(509) 735-7581

February 28, 1996

Mr. James E. Rasmussen
U.S. Department of Energy
Richland Operations Office
P.O. Box 550
Richland, WA 99352

Dear Mr. Rasmussen:

Re: Reactor Compartments Disposal Packages Meet Disposal Requirements

The Washington State Department of Ecology (Ecology) has reviewed your January 12, 1996,
letter, Request for Concurrence that Reactor Compartment Disposal Packages Comply with
Amended Disnosal Regulations Regarding Residual Liquids.

Ecology understands the Reactor Compartment Disposal Packages are a unique waste form and
agrees the proposed disposition of these packages is environmentally protective and in compliance
with WAG 173-3 03, provided the following -conditions are satisfied.

* Liquids in the Reactor Compartment Disposal Packages shall be removed to the maximum
extent practical considering As Low As Reasonably Achievable principles for controlling
worker radiation exposure.

" Liquids existing in piping systems external to the forward and aft bulkhead shall be removed
by draining from existing valves at low points, dismantling of the piping systems, or equivalent
method.

" Liquids existing in piping systems internal to the forward and aft bulkheads shall be removed
by draining from existing valves at low points, pumping out, "blowing down," using
compressed gas, or equivalent method.

" Liquids in the reactor vessel and primary shield water tanks shall be removed to the maximum
extent practical by pumping or equivalent method. A non-biodegradable sorbent shall be
added to reactor vessels and primary water shield tanks (as internal configuration permits) to
absorb any liquids remaining. R C I E

MAR 01 11996

DOE R4LICCC
196-PCA-263
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Mr. James Rasmussen
February 28, 1996
Page 2

In the event a Reactor Compartment Disposal Package does-not meet the criteria listed above,
Ecology should be contacted prior to disposal to determine compliance with WAG 173-303. If
you have any questions, please call me at 736-3048..

Sincerely,

Norman T; H/O'er , P. E.
Nuclear Wks'te Program

NH~mf

cc: Mark French, USDOE

Jim Wrzeski, PSNS
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ATTACHMENT 4

PREDICTION OF PITTING CORROSION PERFORMANCE OF SUBMARINE
REACTOR COMPARTMENTS AFTER BURIAL AT TRENCH 94,

HANFORD, WASHINGTON
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DEPAR7 ME.NT CF 7*rhE NAVY
NAVAL C:VIL SENONERiNG L-ABORA70RY0 ~~~~PCRT HUE-NEME. CA S~4CSr::j~

From: oandi E Office=r, Nava-' ii.~ee~ Labcrazc-7,
=c=- =uen-ee

TO: czande=, Pucet1 Sound Naval. Szh=Ya=-, Ber=a=zn, -oq;
98:324-5000 (Code 2300.i)

SUbj: CORRCS7ION or, B~r SU P r= = CR CZ

Endl: ()2-,% -y= or "Pr=ediction of Pittinq czr=-s-4on
perf Cnancs of Submarine Reactor Comarenr-s After=
Burzial at. T-nch 94, Wanford, Wash.inqtonl -

1. Encicsmre (I) is a final report on an eff ort by thea Maval
Civil Engineering Laboratorzv TL to prediczt thLe coros--s4n
behavior of, decocm.Issioned submarine re-act-or cornar--ents thatr
area to be burtied at Ha;n ord, W -chngtcn. Mme rport -as ore-cared
at th:e recuest of the Nuclear Enginieing De~ar-taent, Code
2:300.1, Pugerc Sound Naval Shipyard (:?SiS) and.i is based upon bothi
the evaluation of historical corro-s-4n data frocm the litzratuxra
and an INCL insopection of st-eel s-.actur~es exhumed froam thie
vi&imity of the burial Site. Is o:Completes the -nr-.
effort- on t-his poject-.

2. Based umon a conser-vative evaluation of both the his zr- ca. '
corrsion data frocm t-he liteet~re and frocm the evaluation of
strect-mrss exhumed fro the vicinity of the burial sit--, a
maxiznom menetrztion of 0.3~50 ine"hes over a 100 veax burial mericd
wlas pr-j ect-ed. A more- realstic mnaxi==~ pe-netration of 0.100
imc-hes in 3.00 Years cam be achieved t!:xonob. the use of- selectz
backf -ill adjacent, to the. reactor comat entz and the
insr.lllat-ion of a misvura hazrriar cover over th'e trench.
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Prediction of Pitting Corrosion Performance
of Submarine Reactor Compartments

After Burial at Trench 94,
Hanford, Washington

March 1 S-2

NCEL
Naval Civil Engineering Laboratory

Port Hueneme, CA 93043-5003

Author. Jim Jenkins
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?REDInCTTIQN OF PITT"IrEG CORROSCON 7VSOrCR .NMCE CIF
SUBNLUER7 REACT OR C MMA-T ?r AFT -V BURIAL LAT 71ENCE 9 4.

MANFORD, WAS=GTON

L PURPOSE

The intent of this review is to provide a prediction of thze m-ri-i- veneain h
can be expected to occur due to pitting corrosion of Submarne Reactor Comar~ents
during a 100 year Deriod of burial in Trench 94 at Hanford, Waingon. This
information is needed to determine the needi for controlling corrosion of the reactor
compar~ents during the post burial perio&L

IL BACXKGROUND

No site specific corrosion testing has been performed for reactor conarents buried in
M~ench 94-. Eowever, corrosion in 'frnch. 94 soil can be related to experience with1
corrosion at other'sites when cormarisons are made based on chemical content,
resi sti-vity; aeration and method of burial- This relations=i permits long range
estimation of corrosion performnance in Trencbh 94 using historical data fox the other-
sites.

This methodi of predicting corrosion is supnnor.ea ny the results of a study on the
conditions of under-round Rel storage tanksr e3Lhumed at Hanfordl) Tus, based on an
investgation of testing conductedi at various sites by thie National Institute of SEA-ndAards
and Technology (NIST), formnerly National Bureau of Standards, and correlating the
results with the corrsion. of fuelI storage tanks at Eanford, it was possible to establish a
conservative estimate of the corrosion of reactor copa-e-1s buried in Trench 94 over a
100 year period.
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M. CONCLCSIIONS

Th'e predicted manpitTng corrosion peneramon for a 100 7ear -oe-iod is 0S5
inc-hes, for the reactor coxmnarrtments buried in T-.ench 94 at Hanford, asito.The
c -a1 !-o=It of pittig corrosion is lik3elv to be =C sidersi-7i less than
-- dum Denetration for the following reasons:

The I-YSO steel used for the submarine hull and the I--22698 Grade DE-36,
CL-U steel used f'or fabrication of the conzair~ent bullkheads on thle ends of thle
compartments are mnore resistant to corrosion than the open hearth carbon steel
used in the NIST carr6sion tests.

The reactor coin-aztmnents will be buried with native soil prepared to provide
properties which will give corrosion rates lower than for unpre-pared native soils.
The Eanford soil will be graded to remove stones mrater than a half inch to create
a uniform baclkll that will prevent differential environmnents, that can create
galvanic calls that accelerate corrosion. The NIST test data and xmost of the data
L-om the ftel storage tamlo is for steel buried in native souL4

Moistulre cotet of the soil in Trench 94 will be lower since a cover comliant with
the reanireients; of the Resource Conservation and Recovery7 Ac: (RCRA) will be
Installed that reduces =msture incursion into the soil. The N=S test data and the
fael storage tank data are rom sites that did not have suc-h a cover. Evenm without a
RCIRA cover the mnoisture -content would be lower in Trench 94 since the reactor
compartments will be buried 10 to 40 feet underground as comv-azed to NS
testing that was accom~ilished at 5 feet where the moisture content is higher.

Szoil characteristics at Trench 94 are less corrosive than -N=S test sites because of
thie compDarable chloride and sulfa content and higier resistivity.

The estimartion of the upper limit of corrosion is based on a linear -prqjection of
corrosion data which- results in a conservative predict-ion of long te=m corrosion
perforance, since actual corro sion rates usually decrease over timne.

2
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!V. DISCLUSSION

A review of 'niswtr-cai corrosion data frxom studies previouslv ac==- h~seo. at z-fr__

revealed th:at the conditions an-ecting corrosion and th-e materais investig-aed in=iost of

th-ese sttudies ane not comarable to the reactor com=ax entsu ~ T~ch9.(~

discussed in Appendix A). Thus, it Was concluded thaz corrosion rates derived ---om

these stuadies should not be usedi to vredic± corrosion rates for reactor com'par~e:ts in

Trenchm 94.

On the other hand, investigation of corrosion data from tests condumed by the STat

various sites, and corrosion data from exhiumed fuel storage t2-ms at E-anford identified

conditions more reporesentative of the burial conimtIos for the reactor compaz~ents in

Mrech 94 at Hanford, allowing the =MadmUm depth of penmetation to be confldentIy

predicted for the 100 year post burial per-o&.

tP'44 Naioa T,lt~te of Stamdards an~d Tac"olo.'.. (orrnsior- Tu-t TDPt'

The use of his-cnrtcal data f2rom other sites to predict corrosion rates at Ea2nford requires.

that the soil charact.eriscs be comparable. TIhe cha ctmrzis of soil which have the

most signficant effect on the corrosion perfrormance of buried'steel are the resst7t,

chloride ion content, sulfate ion content, aeration, and pE.

Extensive soil analysis conduct.ed in Trench 94 by Ebasco Servces Incorortedx3

con.6m t'hat soil characteris-tcs are very comparable with values norrmally uased to

describe F-anford(lxm. Testing did identif' an isolated area in Tr.ench 94 with umdesirable

amounts of chloride and sulfate. However, as reoorted by Ebasco, these sampjles were

obtsi-ned from a thin layer of clay in the trencii side and are nor. representative of the soils

in Trech 94.

NIST has conducted ezzensive corrosion studies on uncoatedmls exposed mo sou at

many -test ziies 4 ). Whiie none of these tests were )erformed a: =he Enmord site, --!e data

from several NIST test sites can be used to establish a probabie corrosion rate for Trench;

94 since the soil ch:aracteristics are similar. Soil charcoeristi.cs and corrosion rates a:

several of thie -NIST test sites, and typcal soil characteristics Lor Haniord are given in

Table 1. A-1 of thie MIST sites have well aerated soils as does Hamoro.;
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Wile soil c.::Praceristics of th-e -NIST test sites are si---az, .0 t-cse of Txench- 94, the
resti-it7', which is th-e prednr-i:--'t factor in tarrs of orcr~ in *-hese t.-es of sois
is much higher at Trench- 94. Thlerefore, higher corrosion rates are I1-kiy to resuit at the
NIST test sites than will be ex-e-ene -db h eco om-=msbre npeae

rV-eao the reato cm aet sbited al L ea Ced7
bacf in Trench 94. The da o te least corrosi-Ve -NIST tes stalLak Cit
indicates a penetration rate of 0.00229 inches per year based uomon a test6 duration of 171.,2
years. A projection of the data f4rom the Salt Lake City data is shown in Figur-e 1. This
projection gives a =md=mn penet-ation of 0.230 inches in 100 years and establishes a
more reayistic pre diction of long term= corrosion of the reactor co=nr:ents at Trenca

Prediction of long term= corrosion penrfoznancs fro= short term= corrosion data, using- a
linear 'oro~ec--4n as discussed above, is unpre-se because the corrosion rate varies with
timne. The corrosion rate for carbon steel generadlly decreases with time giving a curve
which is concave downward as dericted in Figure 2. If the data is fro= a suficently

long period, the corrosion data frm intermediate periods of erpmosure can be used to
project a realistic, but conservative estizmate of long term corrsion petirmanc e. This is

demonstrated by, a liear project&:on, tangent to the curve f"or corrosion penetza-tion vers
ti~me shown as the line to point Ain Figure 2. Linear proj .ection of long term
performancs fro= only one data point, a secant projection, will result in a very
conerv7ative estimat of long term corrosion perfoxr=2nce shown as the line topin B in
Figure 2. This secant projection results in a higher estmnate of long term= corrosion from
the same corrosion data. Thus the linear projection used in this study to 'Predict
corrosion of reactor comarents is considered conservative

Data tra-m nfa-iord TUnder-r'nund Stmna Tanks

In the -oeri-Od between 1989 and 1991, 16 carbon steel ilel storage tanks , buried f-or as long
as 4-6 years, were exhumed from the Hanford Site in the v ic:ity of Trenchi 94. An

evaluation, of thLe external corrosion of these tanks was perormed(') and established a-
-mn6-muim Dittijng corrosion rate of 0.0035 inchzes Der year. The conciusions of this stu.dy

are in agr-eement withi results obtained using-the. NIST test data from other sites for

predicting corrosion attributed to soil conditions at Eranford-
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Of all the cor-rosion srudies conduc-.ed at Hanford, the stu&-7 cf tHe bui.ed rfnei szorage-
tanks mnost closely relates to the conditions under wnic:h th-e reactor com=ar=ents will
be buried in Trench: 94. The fuel storage tanksr were buried in soils and bacizau

rnesentative of the general ci xctexristcs of the Hanford Siteid' as diesc:ibed in Table 1.
From inszect'ons of th'e backall adherin"t to the fuel stoarage -aks it was apparent t'at
some of the tark~ were buried usizg select bar'.E-U (sand), while others ha,-d been buried
using back:fl whicbh had not been prevared, containing both very 5ne zmarerial and large
roc-Is. The taris buried with unnrenared backall exzhi7ited thie worst c-ses of pitting
corrosion due to large stones being in contact with the tank. Tcsreated galvanic cells
that accelerated the corrosion rate at the point of contact. In c-mnar.is: the mazimum
pitting corrosion rate for the fuel storage, tanks buried in prepared-bacikl2 was
sgniffcntly less and r-anged between 0.0013 andi 0.0019 inches pier year.

The corrosion data from th',e e-raluation of the fuel storage tam3 is considered to be
applicable for establishing an upper limit on the pitting corr-osion of the reactor
conr~nents at Trenchm 94. A linear prajection of the highest pitting corrosion rate
gives a conser~adve estiate of 0.350 inches of pitting corrosion Denet-mdon over a !00
year period. For the reactor comoarments, lower corrosion rates wiM be acihieved by
using prepared nadive soil providing an envirnent which. is free from stones or other
debris which. can cause differential, calls that accelez-ate Corrosibn- in addition, a lower
mocistare content will be aqiieved by installaton of a RCBA cover.

V. SUMM~A.RY

In estimatng an upper lizait for the corrosion of reactor comoaz--ems boried in TreBnch
94 at Eafr, Washington, both his-lorical test data from similar sites and data froxm
excavated material buried in the vicinity of Trenc-h 94 were assessed. In all cases
assumptions made in assessing the data were cons ervative and result in a o3rojec--*on of
COX.;oSIon penetration higher than that whichi is reaiica.Lly animi-oated. An es~iate of
0.2.50 inches of penetrat~on of the reactor comonrents over a 100 year pe::iod is rojMe-ed
as a conservatrve uvver Bimit considering the assu-otions used. -,. the evaiua='on of the
corrosion data. -=owever, a penetration of 0.100 inches in 100 years is e::zected due to the
benign conditions waich will be established-in. the controMlled buriazl of reac:or
comnDar~nents in Trench 94.

ATT 4-8



.Table I
Soil Characenistics

and Pitdng Corosion Data-for
the IN'atonal Insttte of Standards and Technoiogy(4 '

Cox~sion Test Siies
Compared to Hanford(MX).-

Site Resistivity Chloride sulfate nE Penetration Rate
(ohm-cm) (mg-ea/O0g) (mg-ea/100(g) (Inchaes/yr.)

S rn .l 180 0.03 0.12 7.3 .01-

Los AageIes 2,60 0.06 0.m U. 0.00&3Z
California

Salt Lake 1,700 0.06 0.48 U. 0.00229
Cityl Utah

Hanford 5,000 0.01 0.20 8.
Washing-con

'frncH 94 32,000 0.08 0.21 82
Hanford
Washington.

6
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Azoendi= A

~u..aryof 7revious 'oArostifl

Studies as They Relate to Bur:ial of
Sub-nxi-e lleactor Comnarem=ents in '=&ec 94

'ror to the unde-round fiiel storage tank corrosion study (1), corrosion studies at the

Hanford Site have been -oerformed, mainly to determine the estimated service ife of
aruz= type waste containers and unodearround ures. Previous Eaniord Site data is

based primarily on visual observaron, as opposed to that obtained using more aczurateiy
measured data and well documented data gathering teacbniquescm5. Thus, existing data is

considered only approximate and is limited in scop e.

Many corrosion studies previously perfot~ed at Eanford have limted apndicanbUiity since
they documnent speic burial conditions that accelerated the rate of cozzrosion beyond tat

occurring in native Hanford soil. 'These conditions include elevated corrosivity of waste
internal to the containerM8 , e~cessive humidity in the dis-osal environ~ezitrn and

elevated temperatures of soil with =ineral or chemical content not revresentative of

native Eanford soirCE. Therefore, a dlose exa-ination of the burial conditions is
necessary before iormation from a spec::c study can be used to predict corrosion rates

of materials at Hanford. In particular, none of the burial conditions discussed in thiese
studies are renresentative of the conditions that will erist for the rea&to compa1rents

buried in Trendh 94.

The co 'son data 5om NIST studies conducted at the Toppenis (9) sitei onoi
used in the nrojection of the corrosion behavior of steel at the Hanford site. However, as
slhown in Table A-1, the soil charactezristcs at th3e other three sites are consiaer-ed -ora-
revresentat:.ve of Hanford than Toppeish The chloridi and sulfate levels at Totppenish

are signiflcantly highLer than Hanford and the other NIST tests sites. T11he only soil

c~aae-_stic at 'Ibppenish that is commarable to the Hanford Site is pH.-

A-I
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Values for zE between 7 and 11 are niormafly considered =fldly allIine. Consecuenily,::-

is concluded that a hig-iezr corrosion rate at Touvenisli results from. thIe higher cHloride

and sulfate levels. It appears that th~e dedsion to use corrosion rates for Tonptenis;h to

-nredia: corrosion at Eaniord was very conser-,atve, because of the higher c-hlor--ie and
sulfate content of the Toopen-ish soil as indicated by previous studies'3).

In siiin=azy, these earlier reports docuraent corrosion rates which are- higher an-d mot

solely7 a result of erpos'ure to native Hanford soil as will be the condition for the reactor
cxnpartnents in Tr-ench 94 at -Eamford. In fix:; little e3:sting Hanford corrosion data is

considered. useful in the accuarate predic-- on of corrosion, perzorrnancs of react.or
comnarrtents in Trench- 94 anti studies with =ore com--arable conditions and mnaterials,
such as the ex'humned fuel stagep tank study, should be utilized.

A-2
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Soil Ch2=czeristcs
and ?~~gCorrosion Data for

the Nlar~n~li nszitnte of Standards and Teciznojogy<")
Corrosion Test Sites

Compared to
TopoenjisO and Elamord(sx-'

site Rasiy Chloride Sulfate pH Penetzaton Rate
(ohm-=m) Cmg-eq/iO0g) (mg-eq/100g) (Inches/vzr)

Smaingneld U,80 0.0 0O= 7.3 0.003.55
Ohio

Los Angeles 2,600 0.06 0.m 7.3 0.00338
California

Salt Lake 1,700 0.06 0.48 7.5 .=
City, Utah

'lpen~.6,000 0.93 0.4.5 u. 0.008-0
Wazhington.

Hanford. 5,000 0.01 0.10 8.2
Washington

MmnchL 94 31,000 0.08 0.21 V.
Hanford
Washing-con
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ATTACHMENT 5

LETTER REPORT FROM E.N. PUGH (NATIONAL INSTITUTE OF STANDARDS
AND TECHNOLOGY) TO G.R. YOUNT (PUGET SOUND NAVAL SHIPYARD)

REGARDING REVIEW OF "PREDICTION OF PITTING CORROSION
PERFORMANCE OF SUBMARINE REACTOR COMPARTMENTS AFTER BURIAL

AT TRENCH 94, HANFORD, WASHINGTON"
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N. "'rr UNITED STATES DEPARTM?17 OF COMMERE
National Institute of Standards and Techniology

Gaicrerso.-rg. man,-varic 20S99

April 16, 1992

Capt G.R.- Yount, U.S. Navy
Commander
Puget Sound Naval Shipyard
Code 100
Bremnerton, WA 98814-5000

Dear Capt Yount,

As requested in your Order For Work And Services number N00251-92-WR-
20230, attached is our letter report on the review of the Naval Civil
Engineering Laboratory document entitled "Prediction of Corrosion
Performance of Submarine Reactor Compartments After Burial at Trench 94,
Hanford, Washidngton".

Sincerely,

Dr. E.NI. Pugh, Chief
Metallurgy Division
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N~ L'%JT UNITED STATES DEPARTMVENT OF: COMMERCE
\~ ~. ~ National lnscituca of Srandnide and Technology

7= Gamesor. Mav&C 202ES

April 16, 1992

Capt. G. R. Yount, U.S. Navy
Commander
Puget Sound Naval Shipyard
Code 100
Bremnerton, WA 98814-5000

Dear Capt. Yount,

This is.a letter report on our review of the document entitled "Prediction' of
Corrosion Performance of Submarine Reactor Compartments After Burial at Trench
94, Hanford, Washington" by Jim Jenkins [11. Jenkins examined the results of NBS
(now renamed MIST) underground corrosion tests with soils sim-ilar to Trench 94 at
Hanford [2,3) and the results of examinations of tanks buried for up to 46 years at a
site near Trench 94 at Hanford [4] and concluded that the expected pitting corrosion
rate of steel in the trench would be approximately 0.001 inches per year and that the
maximum corrosion penetr~ation after 100 years would be less than 0.350 inches.
After careful review of Jenkins' report, the report on tanks buried at Hanford and
the original NIST data, we conclude that Jenkins utilized conservative procedures
for developing these estimates and, in our opinion', the corrosion rates for the
reactor comparments in Trench 94 will be within these figures.

This opinion is based on the following conditions. The first is that the
corrosion behavior of the NIST samples at the NIST sites with soils identified as
similar to Trench 94 will be representative of the behavior of the reactor
components. The second is that the processes that determined that corrosion
behavior during the exposure periods used for the NIST study (=17 years) will
continue to limit the corrosion rate in a similar manner in Trench 94 for 100 years.
The third is that the soils in contact with all of the steel surfaces will be essentially
the same as that given in the specification for Trench 94 soil. The fourth, is that in
using the maximum penetration data from the tanks buried at Hanford, it is
assumed that the corrosion behavior of these tanks was similar to that observed in
the NIST studies.

To evaluate the condition that soils at the NIST sites are 0.7eeat~ tf he
soil in Trench 94, we examined the original data on the characteristics of the soils at
the NIST sites identified by Jenkins. In Table 1 of his report, Jenkins spoecifies three
soils at NI1ST sites as similar to soils at Trench 94 in Hanford. Tnese are site #26 4n
Springfield OH, site #35 in Los Angeles CA, and site #47 in Salt Lake City UT. In
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Table Al, appendix A, he also lists NIST site A in Toppenish WA as of interest
because of its prodimity to Hanford, but not necessarily similar to the Hanford soils
[21. References in his document identify NIST sites #12 in Los Angeles, site #20 in
Cleveland OH, and site #32 in Rochester NY as similar to soils in the Hanford
complex, but not necessarily at Trench 94 [3). We agree with Jenkins that, except for
the Toppenish site, these soils are similar to that reported for Trench 94. To
evaluate the validity of using, the Toppenish site to estimate the behavior in Trench
94, we went back to the original measurements of the soil characteristics and found
that the values given in reference [31 and cited by Jenkins are correct. This is
important as the chloride content of the Toppenish soil is more than ten times that
given for Trench 94 and, therefore, this site should not be considered re-oresentative
of conditions expected for Trench 94. The other sites are reasonable choices, *but
underground corrosion is a complex issue and the use of corrosion :data from one
site to predict corrosion behavior at another site has not been thoroughly evaluated
scientifically and, in some cases [61, has failed to provide accurate estimates.

To develop a corrosion penetration estimate from the NEST data for
comparison to Jenkins' estimate, we combined all of the average maximum
penetration data from the NIST sites identified by Jenkins as similar to Trench 94,
excepting the Toppenish site, and performed a linear -regression analysis, figure 1.
This approach assumnes that the variations in the soil characteristics and the
corrosion rates at these NIST sites should encompass the variations at Trench 94.
Linear regression analysis of this data estimates the expected maximum penetration
in samples buried at the =ES sites for .100 years as 0.218±0.103 inches with a 99 %
confidence interval- While this corresponds to an estimated penetration rate of
0.00198±0O.00054 inches which is greater than the 0.001 inches per year determined by
Jenkins, the maximum penetration estimated by this technique with a 99.5%
confidence is 0.321 inches which is below Jenkins' maximum penetration estimate
of 0.350 inches.

To evaluate the validity of using a linear model for the maximumn penetration
(a constant corrosion rate), we examined the exponent, n, determined by Rornanoff
13) by fitting the NIST data to the relationship

P=Kt"

For a constant corrosion rate as recuired for linear behavior, the value determnined
for this ex~onent would be one and, if the corrosion rate decreases with time, the
value of this expoonent will be less than one. Romanoff's results are given in Table 1
and, by examining this table, it can be seen that for all of the sites identifi~tiby
Jenkins as having soil characteristics similar to Trench 94, the exponent, n, was less
than one and, in most cases, significantly less than one. Therefore, Romanoff's
results demonstrate that using . as Ohe exponent for estimnatins the maximum
corrosion penetration is a conservative estimate.
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In our discussion, we have used the term maximum penetration rate to
revresent the maximum wall thinning that occurs at the bot 'tomn of the corrosion
pits that form when steel corrodes in soils. We avoided using the term "pitting
corrosion" to describe this form of attack because we did not want to confuse this
type of attack with the pitting corrosion that is observed on passive metals such as
stinfless steels when they are exposed to solutions containing halide ions. For
pitting of steels in soils, the pits result from variations in the envirornent in
contact with the surface of the samples which cause local variations in the corrosion
rate and, as corrosion products accumulate on the surface, the rate of pit propagation
decreases as shown by Romanoff.

Jenkins uses five additional arguments explain why the maximum; penetration af
Trench 94 would be less than that observed at the NIST test sites. Our comments on
each of these is as follows:

1) Jenkins states that the HY 80 steel and the Grade DH-36, CL-U steel are more
resistant to underground corrosion than steels used by NIST. Although 3.5 %
Ni and 0.9% Cr are added to the HY80 alloy to enhance low temperature,
toughness and the low carbon improves weldability, these slight variations
from a plain carbon steel would provide only minimal improvement of the
underground corrosion performance of alloy HY 80 for the time frame of
interest. Similarly, the Grade DH-36 CL-U Steel has a slightly elevated Mn and
Si compared to a plain carbon steel, but again, these modifications will not
significantly improve its corrosion performance inan underground
environment.

2) Jenkins states that by using prepare backfil with no stones larger than 0.5
inches the soils will be less corrosive than similar NIST soils. We believe that
removal of large stones from the Trench 94 backfill makes the Trench 94
backfill more similar to the NIST soils. None of the NIST test site soils contain
the large (10 inch), oblong stones found at trench 94. The largest (2 inch) stones
at any NIST site are found at Site B in Baltimore, and they are relatively few in
number compared to'Trench 94. Jenkins statement is more appropriate for the
tanks buried at Hanford where the maximumn penetrations were higher for the
tanks buried with unprepared native soil than the tanks buried with prepared
backfill.

3) We agree that a continuous, unperforated plastic cover.at Trench 94 will re&..ice
moisture intrusion from the soil surzace. It is zlso- true that the water tabie at
most NIST sites is considerably higher than that found at Trench 94, 5-cause
water tables are dloser to the soil surface and in greneral, rainfall is greater.
Since the deterioration rate of the Dlastic cover is unknown, it cannot be
factored into the estimates.

3
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4) We agree that the resistivity of soil at Trench 94 is generally higher than that
found at any of the NIST underground test sites, and in this respect is expected
to be less corrosive than the NIST soils. Chloride and sulfate content at Trench
94 and the NIST sites identified by Jenkins are very similar, and would not be
expected to have a significant effect on relative corrosivity of these soils.

5) We agree that a linear projection of maxim=m pit penetration as performed by
Cals, provides a conservative estimate of the corrosion penetration. There is
an uncertainty associated with any extrapolation beyond existing data and
conservative approaches are required.

In summary, it is our opinion that Jenkins' conclusion, that the maximum
penetration of steels buried in these environments will be less than 0.350 inches
after 100 years and the expected or average pitting corrosion rate will be 0.001 inches
per year, is reasonable given the conservative estimation procedures he employed,
our existing knowledge of corrosion mechanisms, the environmental conditions
expected at Trench 94, and the existing NIST data on corrosion behavior of similar
steels; at similar sites.

Sincerely,

Edward E-scalante
/orrosion Group

Richarzd E. Ricker, Ph.D.
Group Leader
Corrosion Group

4
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Table 1 - Mean values of constants k5.- and n and their standard errors. [3)

Site

No. Soil Type n53  (k~3f

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

12 Hanford fine sandy loam 51.2 14.0 0.13 -0.73

20 Mahoning silt loam 34.4 2-7 0.42 0.09

26 Miami silt loam 45.7 7.1 0.41 0.22

32 Ontario loam 44.8 2.6 033 0.07

35- Ramona loam 26.5 .30.25 0.08

47 Unidentified silt loam 20.1 1.2 0.32 0.08

ATT 5-7



3-50

300

250

200

05

50

0 20 40 60 80 100

Time, Years

Figure I1- Linear regression analysis of the average maxim=m penetration data
obtained at all of the sites identified by Jenkcins as having soils similar
to Trench 94. The dashed lines represent the upper and lower limits
of the expected values at the 99% confidence level based on the linear
growth rate assumption.

7

ATT 5-8



ATTACHMENT 6

LETTER FROM D.R. HELGESON (CORROSION CONTROL SPECIALISTS)
TO C.L. REAUME (PUGET SOUND NAVAL SHIPYARD) REGARDING

SOIL RESISTIVITY TESTING, HANFORD, WASHINGTON
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WC S CORROSION CONTROL SPECIALISTS
7R & B Corporate Park. Suite P101

617 Souths 193rd Place
______ Kent. Washington 98032

June 29, 1990
Puget Sound Naval Shipyard
of ficer In Charge of Construction
Public Works Dept. Code 460
Bremerton, Washington

Attn: Cheryl L. Reaume

Ref: Soil Resistivity Testing
Hanford, Washington
Contract No. X62474-90-m~-6478

Dear Ms. Reaume,

On Wednesday June 27,1990 CCS completed the testing as
directed by the referenced contract. The preliminary results
were faxed to your- office on June 28, 1990. The following is
a summary of the procedures used and a brief'anailysis of the
data.

Test Procedures

The test procedure followed was that described by The
ASTX Standard Method G-57-78, "Field Measurements of Soil
Resistivity Using The Wenner Four electrode Method ". The
testing was completed using a Nilsson Model 400 soil
resistivity meter Certified and Calibrated on June 26, 1990.
A sketch-is attached depicting the general a-rrangement. of
the meter, electrodes, and wiring.

Testing was witnessed by William CarlIos (Westi;nghouse)
and by G.L. Ecklund (U.S. Navy). Testing was done at six
locations. One test was completed on each side of the
existing excavation for Trenchi 94 and one test for each of
two spoil piles. Testing was done at each location with Din
spacings of 10, 20, 30, .40, and 50 feet.

Prior to leaving the site copies of the raw data
collXected was provided to William Carlos.
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The Wenner four pin test procedure provides the average
resistivity of the soil to a depth equal to the pin spacing.
Therefore testing was completed at several depth in addition
to the 50 foot spacing requested to better characterize the
soil. Moreover the data may be enhanced by processing the
data with formulations developed by H.B. Barnes. The Barnes
formulations provides an approximation of soil resistivities
for depth layers. The data collected for these test were
processed in this manner. The data is tabulated on the
attached data sheets.

The data is useful in both evaluating the potential for
corrosion activity and for designing cathodic protection.
However in evaluating the potential for corrosion activity-
of a site, it should not be done using soil resistivities
alone. Soil resistivities should be combined with the other
parameters, as you have scheduled for testing, including
conductivity, sulfides, sulfates, chlorides, moisture
content, and pH.

Results and-Analysis

The soil resistivity data collected at this site is
generally classified as high and not very corrosive but it
does show some stratification. Pumrther the Barnes layer
calculations on the north side of the trenc h would indicate
a more aggressive environment for buried stdel.' However in
analyzing soil resistivities by thems-elves, caution should
be used in drawing any firm conclusions regarding the
potential for corrosion. The National Association of
Corrosion Engineers (NACE) in their basic short courses
provide a guideline for the relative amount of corrosion in
the absence of mitigating measures. Those guidelines are as
follows:

Relative Corrosion
Soil Resistivit Rate-

Below 500 ohm-cm Very Corrosive
500 to 1000 ohm-cm Corrosive
1000 to 2000 ohm-cm moderately Corrosive

2000 to 10,000 ohm-cm Mildly Corrosive
Above 10,000 ohm-cm Progressively less Corrosive

NACZB does not suggest that in high resistivity soils
that there is no corrosion but only that the rates of
corrosion in general decrease. The conceptual cathodic
pzot~ction design package being evaluated by the Navy for
the SRC site provides a reference in Attachment 3 to H.C.
Van Nouhuys.'Van Nouhuys classifies and evaluates soils in
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high ranges that extend up to a million ohm-cm. The majority
of. his conclusions were arrived at by collecting pipeline
leak histories in high resistivity soils. His work is
supported by many others working with underground pipelines
and tanks.

Thus it is our recommendation that cathodic protection
be applied to the SRC's even though the soil resistivities
are classified as high with relativity low corrosion rates.
The basis for this recomendation is based on the present
plan to maintain the integrity of the SRC in excess of 100
years.

Also in reviewing the conceptual design being prepared..-
it would appDear the Navy is desirous of a galvanic system.
This is the most desirable type of cathodic protection
system in nearly all applications. However, to make the
installation of a galvanic system effective in high
resistivity soils economically feasible, the current
req-uirement must be low. Based on my casual inspection of
the SRC's while on site, it is my opinion the quality- of
coating may. need to be upgraded to achieve that end. it
would be my recommendation the a detailed coating inspection
of each SRC be completed prior to formalizing the selection
Ofl a galvanic anode design.

CCS would be pleased to assist the Navy with- this
project as it proceeds. If we can clarify any of the above
please contact our office.

Sincerely

Dennis R. Helgeson, P.13.
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IC Site (Trench 94) D. Helgeson
inford, Washingto 6/27/90

-84 Nilssonl (Model 400)
S/N 40-2291

Soil Resistivity Data
Wenner four Pin Method

Barnes
Pin soil 'Layer

Test Spacing Resistivity Resistivity

site Loato (t) (ohm-cmI (ohm-cm)

1 East side of trench 10 36,385 --

20. 65,110 309,270
30 22,980 10,017
40 37,534 -*

50 41,173 67,247

2 South side of trench 10 70,855 --

20 103,410 -. 191,309
30 166,305 *

40 72,004 26,634
50 41,173, .15,177

3 spoil pile to south 10 23,938 --

of trench 20 22,980 22,096
30 34,470 *

40 35,236 37,753
50 54,578

4 West side of trench 10 107,240 --

20 91,920 80,432
30 97,665 111,616
40 91,920 78,131
50 95,218 65,975

Page 1 of 2
Corrosion Control Specialists
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Barnes
Pin Soil Layer

:G:5 t Spacing Resistivity Resistivity
Site Location -L~ ohm-cm) (ohm-cm)

5 North side of trench 10 21,065 -

20 10,140
30 25,283 114,182
40 21,448 14,194
50 14,363 6,187

6 Spoil pile to north 10 36,385 -

of trench 20 32,385 30,087
30 41,939 92,481
40 29,108 15,178
so 53,620

-The Barnes layer calculation is not valid for these layers

* Page 2of 2
Corrosion Control Specialists
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NOTES:

N ________________ 
AS9hi-C 57-79 (1954.).
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