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A1 Introduction

This appendix addresses the sampling activities within the 403 Fuel Storage Facility (FSF) to support the
non-time-critical removal action for the Fast Flux Test Facility (FFTF) Complex. The 403 FSF is located
north of the 405 Reactor Containment Building (RCB) (Figure A-1). Descriptions of the building, its
hazard conditions, removal activities, and sampling strategy to support waste characterization are
provided in the following sections.

0 Ve LB n

Figure A-1. Fast Flux Test Facility Complex Buildings/Structures

A2 Structure Description

The 403 FSF was built in 1981 and is constructed of steel and sheet metal siding abovegrade and
reinforced concrete belowgrade (Figure A-2). The 403 FSF is 112 ft long, 90 ft wide, 72 ft tall, extending
40 ft abovegrade, and 32 ft belowgrade (Figure A-3 through Figure A-5). The 403 FSF is accessed via an
equipment access door connected to the adjoining 4717 Reactor Service Building (RSB), an external
rollup truck door, and personnel access doors.
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Figure A-2. 403 Fuel Storage Facility

The 403 FSF was designed and used to store fuel for the first 5 years of FFTF operation. It is equipped
with an 18-ton bridge crane for moving large waste containers and equipment. The belowgrade portion is
a cell that contains a carbon steel storage vessel approximately 21 ft in diameter and 24 ft deep.

The vessel was used to store up to 466 FFTF spent fuel assemblies and fuel pin containers in sodium.

A trench on the south side of the building allowed for movement of fuel assemblies using the Bottom
Loading Transfer Cask from the 405 RCB through the 4717 RSB to the 403 FSF.1

At the ground level (550 ft elevation), a dangerous waste management unit (DWMU) consists of two
large metal boxes storing a total of 109 Core Component Pots (Figure A-3). Each Core Component Pot
contains up to 3.7 gal of radiologically contaminated frozen sodium (total of 12 Ci of cesium-137).
The permitted DWMU is specified in WA7890008967, Hanford Facility Resource Conservation and
Recovery Act (RCRA) Permit, Dangerous Waste Portion for the Treatment, Storage, and Disposal of
Dangerous Waste. Closure of the 403 FSF DWMU will be performed in accordance with an approved
closure plan. The DWMU is outside the scope of this removal action.

The 4717 RSB was deactivated and currently is in a surveillance and maintenance (S&M) phase.

1 The Bottom Loading Transfer Cask is currently in the equipment airlock that connects the 405 RCB and 4717 RSB
(see Appendix B of this document).
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A3 Current Conditions

This chapter identifies the conditions of the 403 FSF including radiological, chemical, and structural
hazards. General conditions are discussed first, followed by specific equipment.

A3.1 General Conditions

Some, but not all, hazardous substances were removed from the 403 FSF during the FFTF deactivation
period (1994 to 2008). In addition to radiological and chemical hazards, structural hazards may exist due
to degradation of the buildings and structures. The list of hazardous materials is an estimate and is only as
complete as documents, process knowledge, S&M records, and hazard analyses provide.

The major deactivation activities at the FFTF Complex in preparation for S&M were to drain sodium
systems to the 402 Sodium Storage Facility and to offload all reactor fuel. All polychlorinated biphenyl
transformers and major electrical batteries were removed from the plant. Water-glycol cooling systems
and various oil systems were drained to the extent practical. All water supplies (sanitary and fire
sprinkler) were isolated and piping was drained to prevent damage from freezing. Contaminated refueling
components were sealed. Gas cylinders (e.g., propane and oxygen acetylene) were removed and recycled
or sent for use at another facility. Combustible materials and wastes were removed. Floor drains and
sanitary sewer connections were plugged or capped to prevent contamination migration. Asbestos and
confined space assessments were conducted.

The original electrical distribution system to the FFTF Complex was isolated and disconnected.

A pole-mounted electrical distribution system was installed that supplies two disconnect switches.
One switch is for continuous power for several fire detection and alarm system panels while the other
provides as-needed power for lighting and ventilation equipment during plant entries.

The ventilation systems were also modified to support S&M activities. Original sources of power to fans
were disconnected and the compressed air systems used to operate dampers were deactivated.
Select exhaust fans were connected to the new power supply.

Final radiological surveys and maps documenting dose rates and contamination levels were assembled in
the S&M records to document completion of deactivation endpoints. Radiological conditions were posted
on access points. The 403 FSF is chemically and radiologically contaminated and is posted as Radioactive
Buffer Area, Radioactive Material Area, Radiation Area, High Radiation Area, and Radiation Control
Area.

The 403 FSF ground level (550 ft elevation) is entered weekly for DWMU inspections and annually for
S&M activities. Multiple chemical leaks and insulation damage have been reported. A water intrusion
caused by adverse weather conditions was reported in 2017. No structural hazards were noted during
surveillance inspections.

A3.2 Equipment Conditions

The 403 FSF equipment includes a bridge crane, heat exchanger, mechanical and electrical equipment,
rail tracks, fuel storage vessel, cold trap, and drip pan. During deactivation, all electrical equipment was
isolated and the facility’s fire alarm and detection system was deactivated. Piping for sanitary and fire
sprinkler water was also isolated and drained. Water-glycol cooling systems and oil systems were drained.
The 403 FSF exhaust fan was taken out of service. The bridge crane was also taken out of service;
however, the gearbox oil may remain.

A-6
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Reactor fuel assemblies were temporarily stored in the 403 FSF storage vessel during the deactivation
period prior to washing and packaging for storage. By March 20086, all fuel assemblies had been removed
from the storage vessel.

The 403 FSF storage vessel and auxiliary sodium systems were drained during deactivation, although
660 gal of residual sodium remains in the vessel. A cold trap (N-932) contains 140 gal of frozen sodium
(with 3.2 Ci of cesium-137). An argon gas system is in place at the 403 FSF to provide safety coverage.
The argon cover gas is supplied from the 4734A Dewar Pad. Alarms for high or low pressure are
transmitted to the 481 Water Pump House. The 403 FSF argon system discharges through the
FFTF-CB-EX emission unit.

The NaK2 loop in the 403 FSF was drained to the maximum extent practical; it was estimated that
approximately 32 gal of nondrainable NaK remained in the system. The residual NaK was reacted, and
then the system was cleaned using a superheated steam process.

The equipment in the 403 FSF has degraded over time, which has been recorded during annual S&M.
Observations from surveillance reported numerous chemical leaks.

A4 Removal Activities

The following removal activities for the 403 FSF are identified in Chapter 5 of DOE/RL-2021-29, Action
Memorandum for the Fast Flux Test Facility Complex:

e S&M
e Hazard abatement

Descriptions of S&M and hazard abatement are provided in Chapter 2 of the Removal Action Work Plan
for the FFTF Complex, which is currently being developed. These actions will be performed in the
403 FSF and will include the activities described in the following sections.

A4.1 Update Radiological Postings

Some areas of the 403 FSF may have conservative radiological postings, given infrequent entries
throughout the last 15 years. As a part of hazard mitigation work, radiological surveys and air monitoring
will be performed to establish the correct postings.

A4.2 Piping Inspections

Piping will be inspected for liquid and solid residuals. Inspections may be performed using a
self-illuminated, fiber optic inspection scope via a flange, instrumentation line, or other access point.

A4.3 Vessel Inspections

Vessels will be inspected for liquid and solid residuals. Inspections may be performed using a
self-illuminated, fiber optic inspection scope via a flange, instrumentation line, or other access point.

2 NaK is a sodium-potassium eutectic alloy, liquid at room temperature, typically used in instrumentation and cooling
of auxiliary systems.
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A4.4 Hazard Abatement

Hazards in the 403 FSF will be identified, evaluated, and prioritized for mitigation. This includes
radiological, chemical, biological, industrial safety, and asbestos hazards. Radiological contamination will
be stabilized or the source may be removed to minimize the spread of contamination. Removal of
equipment, tanks, and/or piping will be evaluated on a case-by-case basis. The benefit of near-term
removal for risk reduction will be determined by the removal action project team.

A5 Sampling and Analysis

Sampling and analysis will be performed to support worker safety during removal activities, characterize
the waste for disposal, and provide information on as-left conditions to support a future removal or
remedial action. The sampling instructions, as specified in this section, comply with the data quality
objectives in Section 1.3 of the main text of this document.

A5.1 Anticipated Waste Streams

Waste streams identified in Table A-1 are anticipated to be generated during the removal activities for the
403 FSF. The first three columns in this table are identical to Table 1-6 in the main text of this document.

Table A-1. Anticipated Waste Streams for the 403 FSF
Number Waste Stream Media Anticipated Waste Stream

1 Liquid residuals Aqueous liquid residuals in miscellaneous Yes
piping, system, pumps, sumps, tanks, floor
drains, piping, and processing equipment

2 Solids, sediments, and Sediments and residuals in piping, system Yes
residuals pumps, sumps, tanks, floor drains, piping, and
processing equipment
3 Bulk construction debris Bulk construction debris includes, but is not Yes, some debris may
limited to: be generated during equipment
« Poured concrete removals

o Concrete block

o Sheetrock

¢ Wooden doors

o Nonasbestos-containing roofing materials
o Pumps and miscellaneous equipment

o Steel structural components

o Steel siding

* Ventilation system components

e Stabilizing compounds

4 Asbestos-containing material | Floor tiles, insulation, cement asbestos board, Yes
asbestos siding, ashestos gaskets or packing
material, and roofing materials

5 Incandescent light bulbs Lead-based bulbs Yes

6 Fluorescent light ballasts Light ballasts containing polychlorinated Yes
biphenyls

7 Lead shielding and packing Lead packing material and bricks Yes

A-8
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Table A-1. Anticipated Waste Streams for the 403 FSF
Number Waste Stream Media Anticipated Waste Stream
8 Mercury switches and Switches and instruments containing mercury Yes
instrumentation
9 Emergency light batteries Lead-acid batteries Yes
10 Mercury vapor light bulbs Light bulbs containing mercury and lead bases Yes
11 Exit signs and smoke Internal radioactive sources Yes
detectors
12 Lubrication, grease, oil, and Nonaqueous liquids Yes
hydraulic oils (includes door
actuators)
13 High-efficiency particulate air | Filter media Yes
filters and bag filters
14 Step-off pad soft waste Personal protective equipment, garments, rags, Yes
tape, plastic, and gloves
15 Paint on interior and exterior | Dried paints Yes
surfaces
16 Contaminated equipment Spent equipment Yes
17 Sodium residuals and sodium | Residuals (liquid sodium in frozen form) Yes
contaminated waste removed from piping and equipment.
Solid waste (personal protective equipment,
catch pans, etc.) contaminated from sodium
removal activities.
18 Chemical products Containers, canisters, crates, drums, and bottles Yes
19 Anomalous media Liquid, solid, or sludge Yes

A5.2 Contaminants of Concern

Table A-2 lists the contaminants of concern that may be analyzed for at 403 FSF during removal
activities. Methods and analytical requirements (e.g., practical quantitation limits) are provided in
Tables 2-2 and 2-3 of the main document and will be identified in the sampling work packages.
Additional analyses may be performed as needed.

Table A-2. Contaminants of Concern

Chemical
Chemical Abstracts
Abstracts Service
Contaminants Service Number Contaminants Number
Radionuclides
Cesium-137 10045-97-3 Niobium-94 14681-63-1
Cobalt-60 10198-40-0 Uranium-233/234 U-233/234
12587-46-1 .
Gross alpha and gross beta 19587-47-2 Uranium-238 U-238
Nickel-63 13981-37-8




DOE/RL-2023-17, REV. 0

Table A-2. Contaminants of Concern

Chemical
Chemical Abstracts
Abstracts Service
Contaminants Service Number Contaminants Number
Metals

Aluminum 7429-90-5 Mercury 7439-97-6
Calcium 7440-70-2 Nickel 7440-02-0
Chromium 7440-47-3 Potassium 7440-09-7
Copper 7440-50-8 Silicon 7440-21-3
Iron 7439-89-6 Sodium 7440-23-5
Lead 7439-92-1 Tin 7440-31-5
Lithium 7439-93-2 Titanium 7440-32-6
Magnesium 7439-95-4 Uranium 7440-61-1
Manganese 7439-96-5 Zinc 7440-66-6

Wet Chemistry Parameters
Alkalinity Alkalinity Oil and grease Oil/grease
Chloride 16887-00-6 Sulfate 14808-79-8
Fuel oil N/A

Organics
Benzene 71-43-2 Total organic carbon TOC
Dichlorodifluoromethane (Freon® R12) 75-71-8 TPH — Gasoline range TPH Gasoline
Ethylene glycol 107-21-1 TPH — Diesel range TPH Diesel
Polychlorinated biphenyls (PCBs, Aroclors) N/A TPH — Kerosene range TPH Kerosene
Sodium carbonate 6132-02-1 TPH — Motor oil TPH Motor Oil
Unknown organics in liquid films, greases
Sulfuric acid 7664-93-9 and solid residues in bearings and N/A
gearboxes

Physical Parameters

Asbestos 12001-29-5

Sources: CPCC-00832, Tank Closure and Waste Management EIS Calculations and Analysis.

DOE/EIS-0391, Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site.
DOE/RL-2009-26, Surveillance and Maintenance Plan for the Fast Flux Test Facility (FFTF).

FFTF-18346, Technical Information Document for the Fast Flux Test Facility Closure Project Environmental Impact Statement.
FFTF-25070, Fast Flux Test Facility End Point Criteria.

Process knowledge.

®Freon is a registered trademark of The Chemours Company.

N/A = notapplicable TPH = total petroleum hydrocarbon

Sample container, preservation, and holding time requirements are specified in Table 2-6 of the main text
of this document. Tables 2-2 and 2-3 of the main text define the analytical performance requirements
(e.g., practical quantitation limit, precision, and accuracy) for the target analytes.
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A5.3 Sampling Design
The sampling design for the 403 FSF includes the following details:

o Initial field radiological surveys and smears, as identified in Section 3.1 of the main text of this
document, with focused sampling on radiological hot spots and source points (e.g., leaking
equipment)

e Asbestos inspection and sampling, as identified in Table 3-2 of the main text of this document
e Paint sampling, as identified in Table 3-2 of the main text of this document

e Sampling of liquid or solid residuals found in tanks and pipes, as identified in Table 3-2 of the main
text of this document

o \Waste characterization sampling, as identified in Section 3.1 and Table 3-2 of the main text of this
document

e Astiming and funding allows, additional characterization sampling that may also be performed to
support a future removal/remedial action

A5.3.1 Asbestos Inspection and Sampling

Inspection and possible sampling of the thermal system insulation in 403 FSF are needed to confirm the
presence of asbestos. Category | and Category Il nonfriable asbestos-containing material in poor
condition may be sampled. Inspection and representative sampling of insulated electrical wiring (by
voltage type) will be performed only after the existing electrical system has been deactivated. Initial
limited asbestos sampling will be used to support worker safety decisions. In lieu of sampling, materials
may be presumed to contain asbestos.

A5.3.2 Residuals Sampling

When sampling residuals inside equipment or when sampling stains, spills, or anomalies on the floor/wall
or on equipment exteriors, the target analytes will include the suite of radiological and chemical
constituents identified in Table A-2.

A5.3.3 Waste Characterization Sampling

Initial characterization activities are focused on information needed for worker protection.

Additional sampling to support waste profiling during the initial characterization will be determined by
the removal action project team. This determination will be affected by near-term equipment removals.
Characterization activities to support waste profiling will be performed as waste is generated from the
removal activities.
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B1 Introduction

This appendix addresses the sampling activities within the 405 Reactor Containment Building (RCB) to
support the non-time-critical removal action for the Fast Flux Test Facility (FFTF) Complex.

The 405 RCB is located in the center of the fenced Protected Area within the 400 Area (Figure B-1).
Descriptions of the building, its hazard conditions, removal activities, and sampling strategy to support
waste characterization are provided in the following sections.
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Figure B-1. Fast Flux Test Facility Complex Buildings/Structures

B2 Structure Description

Construction of the FFTF Complex was completed in 1978. The 405 RCB (Figure B-2) is a cylindrical,
welded carbon-steel containment vessel approximately 186.7 ft tall, extending 108.8 ft abovegrade and
77.9 ft belowgrade (Figure B-3). The 405 RCB is 135.0 ft in diameter, the vertical walls are 1-3/8 in.
thick, and the upper dome is 1 in. thick. The abovegrade area comprises an operating deck, mezzanine,
and crane area (Figure B-4). Located belowgrade are the following:

e Reactor cavity

e Interim Examination and Maintenance (IEM) Cell
e Interim Decay Storage (IDS) vessel

e Test Assembly Conditioning Station (TACS)
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e Heat Transport System (HTS) Cells
e Closed Loop System (CLS) Cells

Figure B-2. 405 Reactor Containment Building
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Figure B-3. Sideview of 405 Reactor Containment Building
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B2.1 Abovegrade Areas

The 405 RCB has an operating floor at grade level (550 ft elevation). Two airlocks are located on the
operating floor that provided equipment access to the 4717 Reactor Service Building (RSB) and personnel
access to 4621E Auxiliary Equipment Building. The Closed Loop Ex-Vessel Machine (CLEM) located
on the operating floor was used to move fuel and test specimens into and out of the reactor (Figure B-4).
The Bottom Loading Transfer Cask (BLTC), located in the equipment airlock, moved fuel and test
specimens to stations within the containment and moved irradiated core assemblies to the 403 Fuel
Storage Facility or the Cask Loadout Station in the 4717 RSB.

A mezzanine located at the 570 ft elevation of the 405 RCB provides a work area in addition to space for
heating and ventilation equipment and control panels. An overhead Polar Gantry Crane with a 200-ton
capacity spans the 405 RCB and provided access to HTS and CLS cells through removable hatch plugs.

.

N, 3
A

A2

Figure B-4. 405 Reactor Containment Building Interior Abovegrade (1979)
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B2.2 Belowgrade Areas

Located belowgrade, in the center of the reactor containment vessel, are the following major 405 RCB
components (Figure B-5 and Figure B-6):

Reactor cavity which houses the reactor vessel, reactor guard vessel, reactor head, reactor core,
above-core in-vessel components, and the Ex-Vessel Neutron Flux Monitors and Surveillance
Equipment. The reactor vessel is suspended from its upper section and nested in a bottom-mounted
stainless steel reactor guard vessel. The stainless-steel reactor vessel is approximately 43 ft high with
a 20 ft inside diameter. Its wall thickness varies from 2-3/8 to 2-3/4 in. The reactor head is the closure
for the reactor vessel and is 25 ft in diameter, approximately 22 in. thick, and weighs 214 tons.
Equipment mounted on the head includes drive mechanisms for in-vessel components, seals and
shielding for openings providing access to the vessel interior, and coolant piping for independently
cooled test loops.

The IEM Cell, located to the north and east of the reactor vessel, was used for handling, washing, and
disassembling core components during the operation phase in addition to loading fuel and irradiated
steel into containers for shipment during deactivation. The Sodium Removal System consists of a
wash chamber within the IEM Cell with supporting equipment in the 4717 RSB.

The IDS vessel, located north and west of the reactor vessel, was designed to contain up to 112 (12 ft
long) core components and 10 (40 ft long) test assemblies in a sodium pool. The Core Component
Pots were primarily used to move and store the core components in liquid sodium.

The TACS is located between the IEM Cell and the reactor vessel. It was designed to store up to
27 (28 ft or 40 ft long) test assemblies.

The HTS, consisting of three circuits, removed heat generated by the reactor by pumping liquid
sodium through the reactor vessel. Each circuit comprises of a primary (radioactive) loop and a
secondary (nonradioactive) loop. HTS cells are lined with steel to prevent sodium concrete reaction in
case of leakage. Main HTS loop piping and components are located to the east, south, and west of the
reactor. Secondary HTS loops are in the Dump Heat Exchanger structures: 408A, 408B, and 408C
(Section 1.3.3 in the main text of this document).

The CLS provided independently cooled irradiation testing systems. Space was provided for up to
four loops, but only two were initially installed. Each loop consists of a Closed Loop In-Reactor
Assembly that contains the irradiation test specimen, a primary cooling system, and a secondary
cooling system. Each primary loop (within the 405 RCB) includes the Closed Loop In-Reactor
Assembly, piping passing through and over the reactor head to the closed loop cell, two primary
(electromagnetic) pumps, and an intermediate heat exchanger. Each secondary loop (409A and 409B)
includes a secondary pump and a sodium-to-air forced draft heat exchanger. Both loops include tanks,
piping, controls, and auxiliary equipment. The CLS was never placed in service.

The 4717 RSB was deactivated and currently is in a surveillance and maintenance (S&M) phase.
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B3 Current Conditions

This chapter identifies the conditions of the 405 RCB, including radiological, chemical, and structural
hazards. General conditions are discussed first, followed by specific equipment.

B3.1 General Conditions

Some, but not all, hazardous substances were removed from the 405 RCB during the FFTF deactivation
period (1994 to 2008). In addition to radiological and chemical hazards, structural hazards may exist due
to degradation of the buildings and structures. The list of hazardous materials is an estimate and is only as
complete as documents, process knowledge, S&M records, and hazard analyses provide.

The major deactivation activities at the FFTF Complex in preparation for S&M were to drain sodium
systems to the 402 Sodium Storage Facility and to offload all reactor fuel. All polychlorinated biphenyl
transformers and major electrical batteries were removed from the plant. Water-glycol cooling systems
and various oil systems were drained to the extent practical. All water supplies (sanitary and fire
sprinkler) were isolated and piping was drained to prevent damage from freezing. Contaminated refueling
components were sealed. Gas cylinders (e.g., propane and oxygen acetylene) were removed and recycled
or sent for use at another facility. Combustible materials and wastes were removed. Floor drains and
sanitary sewer connections were plugged or capped to prevent contamination migration. Asbestos and
confined space assessments were conducted.

The original electrical distribution system to the FFTF Complex was isolated and disconnected.

A pole-mounted electrical distribution system was installed that supplies two disconnect switches.
One switch is for continuous power for several fire detection and alarm system panels while the other
provides as-needed power for lighting and ventilation equipment during plant entries.

The ventilation systems were also modified to support S&M activities. Original sources of power to fans
were disconnected and the compressed air systems used to operate dampers were deactivated.
Select exhaust fans were connected to the new power supply.

Final radiological surveys and maps documenting dose rates and contamination levels were assembled in
the S&M records area to document completion of deactivation endpoints. Radiological conditions were
posted on access points. The 405 RCB is chemically and radiologically contaminated and is posted as a
Radioactive Material Area, Radiation Area, High Radiation Area, and Contamination Area. Table B-1
identifies the remaining radioactive material inventory for the 405 RCB.

The 405 RCB ground level (550 ft elevation) is entered annually during S&M. Multiple water intrusions,
roof leaks, and animal intrusions were noted in the inspection reports. Structural deterioration has been
observed on the ceilings and roof. Chemical leaks and insulation damage were reported. Evidence of
residual chemical contamination was noted throughout the 405 RCB. Interior surveys of the belowgrade
levels (below 550 ft elevation) are not performed unless conditions (e.g., water intrusion) warrant
entrance.
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Table B-1. Radioactive Material Inventory for the 405 RCB

Isotope Quantity (Ci) Location Within 405 RCB
Cesium (Cs-137) 27 Reactor vessel, primary HTS and
cover gas systems, and IDS vessel
Iron (Fe-55) 1,151,170.11
Reactor hardware, core components,
Cobalt (Co-60) 696,102.86 and TACS
Nickel (Ni-63) 200,328.95
Niobium (Nb-94) 4570 Reactor hardware and core
components
Uranium (U-234) 3.53
Uranium (U-235) 0.16 Depleted uranium shielding
Uranium (U-238) 12.64

Note: Inventories are from Table 3-1 and cesium breakout table (page B-10) in FFTF-36419, Documented Safety Analysis for the
Fast Flux Test Facility.

HTS Heat Transport System RCB
IDS Interim Decay Storage TACS

Reactor Containment Building
Test Assembly Conditioning Station

B3.2 Equipment Conditions

The 405 RCB equipment includes the overhead Polar Gantry Crane, reactor, multiple cells, airlock,
transfer cask, cold trap, and tanks. During deactivation, all electrical equipment was isolated and the
facility’s fire alarm and detection system was deactivated (the C-1354 fire alarm and detection panel
remains in service). Piping for sanitary and fire sprinkler water was also isolated and drained.
Water-glycol cooling systems (e.g., In-Containment and Ex-Containment Chilled Water systems) and oil
systems were drained. The overhead crane was taken out of service; however, the gearbox oil may
remain. The equipment and personnel airlocks are maintained in an open condition for S&M.

Other reactor support systems were also deactivated, including Liquid Metal and Trace Heat, Neutron
Flux Monitoring, and Process Radiation Monitoring.

Refueling equipment was secured and sealed or vented as appropriate to maintain contamination control.
Equipment was isolated from plant power and batteries were removed. The two major fuel handling
machines (BLTC and CLEM) have significant internal sodium contamination throughout, especially in
the lower closure/rotor assemblies, grapples, filters, piping, and internal walls. The BLTC and CLEM will
vent through filters pending removal of sodium residuals. Lubricants were not drained from the BLTC or
CLEM to allow for operation as an aid during final decontamination and demolition activities.

Conditions of equipment located belowgrade in the 405 RCB are as follows.

e The reactor vessel was defueled and drained of sodium, although some residual sodium remains in the
vessel (492 gal). The reactor vessel is currently storing nonfuel components such as control rods and
reflectors. The reactor vessel, primary HTS, and cover gas systems contain 19 Ci of cesium-137.

B-9



DOE/RL-2023-17, REV. 0

o All IEM Cell access ports were permanently sealed with cover plates during deactivation. The IEM
Cell remains closed at the bottom but has an air atmosphere and breathes through a filtered vent at the
top. The lead glass windows remain as a boundary, but the oil has been drained such that they no
longer provide good visibility of the cell’s interior. Small quantities of lubricants have been left in the
gearboxes and various items contain greases. Select pipelines to the Sodium Removal System support
equipment in the 4717 RSB were physically disconnected in the 4717 cells.

e The NaK cooling loops for the primary cold trap and IDS vessel were flushed with sodium and then
drained. All core components and Core Component Pots have been removed from the IDS vessel and
the vessel has been drained of sodium, although residual sodium remains (40 gal of sodium with 8 Ci
of cesium-137). The primary and IDS cold traps (N-5 and N-46, respectively), located in the
northwest corner of the 405 RCB, were intentionally left full of sodium and frozen. The primary cold
trap contains 675 gal of frozen sodium, and the IDS cold trap contains 300 gal of frozen sodium.

e At present, the TACS contains 23 nonfueled test assemblies, most of which are irradiated and/or
contain sodium residues. The TACS is isolated and has no inert gas cover.

e Sodium in the three primary HTS loops and associated auxiliary loops was drained to the 402 Sodium
Storage Facility. A total of 690 gal of residual sodium remains in the nine primary HTS main valves
with an additional 215 gal in miscellaneous piping and valves.

Exhaust fans R-3 (primary) and R-4 (backup) support the FFTF-CB-EX emission unit and are actively
run for a weekly inspection of the permitted dangerous waste management unit in the 403 Fuel Storage
Facility and for annual S&M activities (typically 1 to 2 days). Fans R-3 and R-4 are located in the
4621E Auxiliary Equipment Building and are connected to the S&M electrical distribution system.
This emission unit (stack) pulls exhaust air from the following systems and airspaces:

e Argon Processing and Cell Atmosphere Processing System (4717 RSB)
e Building 405 Process Operations (405 RCB)
e Access Control Area and Process Operations (4703 and 4621E Buildings).1

Sodium, piping, and miscellaneous components with residual sodium and radioactive contamination are
spread throughout the 405 RCB. All are contained within cells, and an inert argon gas blanket is
maintained on these systems. An argon gas system is in place at the 405 RCB to provide safety coverage.
The argon cover gas is supplied from the 4734A Dewar Pad. Alarms for high or low pressure are
transmitted to the 481 Water Pump House.

There is about 34,000 Ib of lead remaining in the 405 RCB in-containment systems. An additional

6,700 Ib of lead remains in the IEM Cell. The BLTC and CLEM cask assemblies contain lead to provide
shielding. The BLTC also has some plastic-encased lead blankets and borated polyethylene sheets on the
outside. The BLTC and CLEM are presumed to contain asbestos in some of the gaskets, clutches, brakes,
and wiring. The CLEM grapple contains depleted uranium between the inner and outer walls. The reactor
contains approximately 83,100 Ib of depleted uranium shielding including head compartment shielding,
center island shielding, branch arm piping shielding, and shielding for the fuel transfer ports.

Power to each of three liquid rheostats in the primary HTS system has been removed by opening breakers
and the sodium carbonate electrolyte has been drained. Little or no sodium carbonate residue was
observed in any of the rheostat sumps, but some residue is expected in the rheostats’ electrode cells.

1 The 4703 and 4621E Buildings have never contained radioactive systems (FFTF-36419, Documented Safety
Analysis for the Fast Flux Test Facility, Section 2.3.6).
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Some carbonate has migrated to outside of the rheostat but presents little hazard to personnel or the
environment.

The equipment in the 405 RCB has degraded over time, which has been recorded during annual S&M.
Observations during surveillances reported numerous chemical leaks.

B4 Removal Activities

The following removal activities for the 405 RCB are identified in Chapter 5 of DOE/RL-2021-29, Action
Memorandum for the Fast Flux Test Facility Complex:

e S&M
e Hazard abatement

Descriptions of S&M and hazard abatement are provided in Chapter 2 of the Removal Action Work Plan
for the FFTF Complex, which is currently being developed. These actions will be performed in the
405 RCB and will include the activities described in the following sections.

B4.1 Update Radiological Postings

Currently, many areas throughout the 405 RCB have conservative radiological postings, given infrequent
entries throughout the last 15 years. As a part of hazard mitigation work, radiological surveys and air
monitoring will be performed to establish the correct postings.

B4.2 Piping Inspections

Piping will be inspected for liquid and solid residuals. Inspections may be performed using a
self-illuminated, fiber optic inspection scope via a flange, instrumentation line, or other access point.

B4.3 Vessel Inspections

Vessels will be inspected for liquid and solid residuals. Inspections may be performed using a
self-illuminated, fiber optic inspection scope via a flange, instrumentation line, or other access point.

B4.4 Hazard Abatement

Hazards in the 405 RCB will be identified, evaluated, and prioritized for mitigation. This includes
radiological, chemical, biological, industrial safety, and asbestos hazards. Radiological contamination will
be stabilized or the source may be removed to minimize the spread of contamination. Removal of
equipment, tanks, and/or piping will be evaluated on a case-by-case basis. The benefit of near-term
removal for risk reduction will be determined by the removal action project team.

B5 Sampling and Analysis

Sampling and analysis will be performed to support worker safety during removal activities, characterize
the waste for disposal, and provide information on as-left conditions to support a future removal or
remedial action. The sampling instructions, as specified in this section, comply with the data quality
objectives in Section 1.3 of the main text of this document.

B5.1 Anticipated Waste Streams

Waste streams identified in Table B-2 are anticipated to be generated during the removal activities for the
405 RCB. The first three columns in this table are identical to Table 1-6 in the main text of this document.
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Table B-2. Anticipated Waste Streams for the 405 RCB

Number Waste Stream Media Anticipated Waste Stream
1 Liquid residuals Aqueous liquid residuals in miscellaneous Yes
piping, system, pumps, sumps, tanks, floor
drains, piping, and processing equipment
2 Solids, sediments, and Sediments and residuals in piping, system Yes
residuals pumps, sumps, tanks, floor drains, piping, and
processing equipment
3 Bulk construction debris Bulk construction debris includes, but is not Yes, some debris may
limited to: be generated during equipment
« Poured concrete removals
¢ Concrete block
o Sheetrock
o Wooden doors
o Nonasbestos-containing roofing materials
e Pumps and miscellaneous equipment
o Steel structural components
o Steel siding
o Ventilation system components
¢ Stabilizing compounds
4 Asbestos-containing material | Floor tiles, insulation, cement asbestos board, Yes
asbestos siding, ashestos gaskets or packing
material, and roofing materials
5 Incandescent light bulbs Lead-based bulbs Yes
6 Fluorescent light ballasts Light ballasts containing polychlorinated Yes
biphenyls
7 Lead shielding and packing Lead packing material and bricks Yes
8 Mercury switches and Switches and instruments containing mercury Yes
instrumentation
9 Emergency light batteries Lead-acid batteries Yes
10 Mercury vapor light bulbs Light bulbs containing mercury and lead bases Yes
11 Exit signs and smoke Internal radioactive sources Yes
detectors
12 Lubrication, grease, oil, and Nonaqueous liquids Yes
hydraulic oils (includes door
actuators)
13 High-efficiency particulate air | Filter media Yes
filters and bag filters
14 Step-off pad soft waste Personal protective equipment, garments, rags, Yes
tape, plastic, and gloves
15 Paint on interior and exterior | Dried paints Yes
surfaces
16 Contaminated equipment Spent equipment Yes
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Table B-2. Anticipated Waste Streams for the 405 RCB

Number Waste Stream Media Anticipated Waste Stream
17 Sodium residuals and sodium | Residuals (liquid sodium in frozen form) Yes
contaminated waste removed from piping and equipment.

Solid waste (personal protective equipment,
catch pans, etc.) contaminated from sodium
removal activities.

18 Chemical products Containers, canisters, crates, drums, and bottles Yes

19 Anomalous media Liquid, solid, or sludge Yes

B5.2 Contaminants of Concern

Table B-3 lists the contaminants of concern that may be analyzed for at the 405 RCB during removal
activities. Methods and analytical requirements (e.g., practical quantitation limits) are provided in
Tables 2-2 and 2-3 of the main document and will be identified in the sampling work packages.
Additional analyses may be performed as needed.

Table B-3. Contaminants of Concern

Chemical
Chemical Abstracts
Abstracts Service
Contaminants Service Number Contaminants Number
Radionuclides
Cesium-137 10045-97-3 Niobium-94 14681-63-1
Cobalt-60 10198-40-0 Uranium-233/234 U-233/234
Gross alpha and gross beta Egg;igg Uranium-238 U-238
Nickel-63 13981-37-8
Metals

Aluminum 7429-90-5 Mercury 7439-97-6
Calcium 7440-70-2 Nickel 7440-02-0
Chromium 7440-47-3 Potassium 7440-09-7
Copper 7440-50-8 Silicon 7440-21-3
Iron 7439-89-6 Sodium 7440-23-5
Lead 7439-92-1 Tin 7440-31-5
Lithium 7439-93-2 Titanium 7440-32-6
Magnesium 7439-95-4 Uranium 7440-61-1
Manganese 7439-96-5 Zinc 7440-66-6

Wet Chemistry Parameters
Alkalinity Alkalinity Oil and grease Oil/grease
Chloride 16887-00-6 Sulfate 14808-79-8
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Table B-3. Contaminants of Concern

Chemical
Chemical Abstracts
Abstracts Service
Contaminants Service Number Contaminants Number
Organics
Benzene 71-43-2 Total organic carbon TOC
Dichlorodifluoromethane (Freon® R12) 75-71-8 TPH — Gasoline range TPH Gasoline
Ethylene glycol 107-21-1 TPH — Diesel range TPH Diesel
Polychlorinated biphenyls (PCBs, Aroclors) N/A TPH — Kerosene range TPH Kerosene
Sodium carbonate 6132-02-1 TPH — Motor oil TPH Motor Oil
Unknown organics in liquid films, greases
Sulfuric acid 7664-93-9 and solid residues in bearings and N/A
gearboxes

Physical Parameters

Asbestos 12001-29-5

Sources: CPCC-00832, Tank Closure and Waste Management EIS Calculations and Analysis.

DOE/EIS-0391, Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site.
DOE/RL-2009-26, Surveillance and Maintenance Plan for the Fast Flux Test Facility (FFTF).

FFTF-18346, Technical Information Document for the Fast Flux Test Facility Closure Project Environmental Impact Statement.
FFTF-25070, Fast Flux Test Facility End Point Criteria.

Process knowledge.

®Freon is a registered trademark of The Chemours Company.

N/A = not applicable TPH = total petroleum hydrocarbon

Sample container, preservation, and holding time requirements are specified in Table 2-6 of the main text
of this document. Tables 2-2 and 2-3 of the main text define the analytical performance requirements
(e.g., practical quantitation limit, precision, and accuracy) for the target analytes.

B5.3 Sampling Design
The sampling design for the 405 RCB includes the following details:

o Initial field radiological surveys and smears, as identified in Section 3.1 of the main text of this
document, with focused sampling on radiological hot spots and source points (e.g., leaking
equipment)

e Asbestos inspection and sampling, as identified in Table 3-2 of the main text of this document
e Paint sampling, as identified in Table 3-2 of the main text of this document

o Sampling of liquid or solid residuals found in tanks and pipes, as identified in Table 3-2 of the main
text of this document

e Waste characterization sampling, as identified in Section 3.1 and Table 3-2 of the main text of this
document
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e Astiming and funding allows, additional characterization sampling that may also be performed to
support a future remedial action

B5.3.1 Asbestos Inspection and Sampling

Inspection and possible sampling of the thermal system insulation in the 405 RCB are needed to confirm
the presence of asbestos. Category | and Category Il nonfriable asbestos-containing material in poor
condition may be sampled. Inspection and representative sampling of insulated electrical wiring

(by voltage type) will be performed only after the existing electrical system has been deactivated. Initial
limited asbestos sampling will be used to support worker safety decisions. In lieu of sampling, materials
may be presumed to contain asbestos.

B5.3.2 Residuals Sampling

When sampling residuals inside equipment or when sampling stains, spills, or anomalies on the floor/wall
or on equipment exteriors, the target analytes will include the suite of radiological and chemical
constituents identified in Table B-2.

B5.3.3 Waste Characterization Sampling

Initial characterization activities are focused on information needed for worker protection. Additional
sampling to support waste profiling during the initial characterization will be determined by the removal
action project team. This determination will be affected by near-term equipment removals.
Characterization activities to support waste profiling will be performed as waste is generated from the
removal activities.
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C1 Introduction

This appendix addresses the sampling activities within the 408A, 408B, and 408C Dump Heat
Exchangers (DHX) to support the non-time-critical removal action for the Fast Flux Test Facility (FFTF)
Complex. The 408A, 408B, and 408C DHX are located to the east, south, and west to the 405 Reactor
Containment Building, respectively (Figure C-1). Descriptions of the structures, their hazard conditions,
removal activities, and sampling strategy to support waste characterization are provided in the following
sections.

a2

Figure C-1. Fast Flux Test Facility Complex Buildings/Structures

C2 Structure Description

The 408A, 408B, and 408C DHX were built in 1979. The DHX are one-story steel structures with metal
roofs and reinforced concrete basements. Each structure is situated in a large pit with a base elevation of
530 ft. The pits are approximately 170 ft long, 115 ft wide, and the heat exchangers rise approximately
30 ft above ground level. Each DHX structure contains four 33-MW DHX modules that are connected
using structural steel framing. The 408 A DHX is the only structure that is tornado-hardened, with 0.5 in.
thick steel plate on a structural steel frame to provide protection for the DHX units below 580 ft elevation
(Figure C-2).
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Figure C-2. 408A, 408B, 408C Dump Heat Exchangers

The 408 DHX modules are sodium-to-air exchangers that transferred heat from the secondary loop
sodium to the ambient air. Each DHX module is equipped with a fan with variable inlet vanes, fan drive
motor, fine and coarse control dampers, isolation gates, manual and automatic controls, tube bundle,
oil-fired preheater, ducting, stack, and airflow turning vanes. The sodium piping to the modules is
protected by a pipeway enclosure. Sodium catch pans extend to the adjacent Heat Transport System
Service Buildings (491E, 491S, and 491W) and protect the concrete enclosure from sodium leaks.

The pipeway enclosure in this area is also hardened with 0.5 in. steel plate (Figure C-3 through

Figure C-6).

Each DHX module has 66 tubes having four passes between the inlet and outlet headers. Each module
also has an inlet and an outlet isolation valve. These valves allowed module isolation for maintenance or
to allow continued operation (at reduced power) in case of certain failures. A high-volume variable speed
cooling fan and air flow control dampers are installed for each module. Local power (compressed gas)
was provided to the control dampers in the event of a reactor shutdown and loss of power. Qil fired heat
exchangers (called preheaters) are installed in each module to heat air and keep the sodium systems at
temperature. Oil was supplied by 20,000 gal underground storage tanks adjacent to each DHX pit.
Secondary main coolant pump work was usually employed in lieu of the preheaters.

The 408A, 408B, and 408C DHX were deactivated and are in a surveillance and maintenance (S&M)
phase.
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C3 Current Conditions

This chapter identifies the conditions of the 408A, 408B, and 408C DHX, including radiological,
chemical, and structural hazards. General conditions are discussed first, followed by specific equipment.

C3.1 General Conditions

Some, but not all, hazardous substances were removed from the 408A, 408B, and 408C DHX during the
FFTF deactivation period (1994 to 2008). In addition to radiological and chemical hazards, structural
hazards may exist due to degradation of the buildings and structures. The list of hazardous materials is an
estimate and is only as complete as documents, process knowledge, S&M records, and hazard analyses
provide.

The major deactivation activities at the FFTF Complex in preparation for S&M were to drain sodium
systems to the 402 Sodium Storage Facility and to offload all reactor fuel. All polychlorinated biphenyl
transformers and major electrical batteries were removed from the plant. Water-glycol cooling systems
and various oil systems were drained to the extent practical. All water supplies (sanitary and fire
sprinkler) were isolated and piping was drained to prevent damage from freezing. Contaminated refueling
components were sealed. Gas cylinders (e.g., propane and oxygen acetylene) were removed and recycled
or sent for use at another facility. Combustible materials and wastes were removed. Floor drains and
sanitary sewer connections were plugged or capped to prevent contamination migration. Asbestos and
confined space assessments were conducted.

The original electrical distribution system to the FFTF Complex was isolated and disconnected.

A pole-mounted electrical distribution system was installed that supplies two disconnect switches.
One switch is for continuous power for several fire detection and alarm system panels while the other
provides as-needed power for lighting and ventilation equipment during plant entries.

The ventilation systems were also modified to support S&M activities. Original sources of power to fans
were disconnected and the compressed air systems used to operate dampers were deactivated.
Select exhaust fans were connected to the new power supply.

Final radiological surveys and maps documenting dose rates and contamination levels were assembled in
the S&M records area to document completion of deactivation endpoints. Radiological conditions were
posted on access points. The 408A, 408B, and 408C DHX are chemically and radiologically
contaminated and are posted as an Institutional Control and Radiological Contaminated Area.

The exteriors of 408A, 408B, and 408C DHX are inspected annually from ground level during S&M, but
no entry is made into the buildings/structures. No hazardous conditions were reported during surveillance
inspections.

C3.2 Equipment Conditions

Various operational equipment remains at the 408A, 408B, and 408C DHX, including the heat exchanger
modules, fans, control equipment enclosures, motors, secondary sodium piping, and electrical equipment
necessary for heat exchanger operation. During deactivation, DHX sodium systems were drained to the
402 Sodium Storage Facility. Electrical equipment was isolated and the facility’s fire alarm and detection
system was deactivated (the C-1355 fire alarm and detection panel remains in service). All devices
(smoke detectors, pull stations, supervisory switches, chimes, HVAC shutdown, and smoke damper
interlocks) in 408A, 408B, and 408C DHX were deactivated. The DHX control system was taken out of
service. QOil systems (e.g., DHX fan bearings) were drained. Exhaust fans in the 408A, 408B, and 408C
DHX were taken out of service.

C-7
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The DHX modules and tubing components contain a total of 1,805 gal of residual sodium. An inert argon
gas blanket is maintained on these systems. An argon gas system is in place to provide safety coverage.
The argon cover gas is supplied from the 4734A Dewar Pad. Alarms for high or low pressure are
transmitted to the 481 Water Pump House.

The underground DHX fuel oil storage tanks have been drained to the maximum extent possible.
Bird screens were placed around the stacks of each DHX module, and an insulation blanket was
applied across the closed module outlet dampers. The module inlet isolation gates are closed and
power to the fan motors has been removed by opening the breakers.

As the 408A, 408B, and 408C DHX are not entered during annual S&M activities, current equipment
conditions are not available. Bird waste was noted in the DHX basements (pits) and DHX modules at the
end of deactivation (2008).

C4 Removal Activities

The following removal activities for the 408A, 408B, and 408C DHX are identified in Chapter 5 of
DOE/RL-2021-29, Action Memorandum for the Fast Flux Test Facility Complex:

e S&M
e Hazard abatement
Descriptions of S&M and hazard abatement are provided in Chapter 2 of the Removal Action Work Plan

for the FFTF Complex, which is currently being developed. These actions will be performed on the 408A,
408B, and 408C DHX and will include the activities described in the following sections.

C4.1 Update Radiological Postings

Currently, many areas throughout the 408A, 408B, and 408C DHX have conservative radiological
postings, given infrequent entries throughout the last 15 years. As a part of hazard mitigation work,
radiological surveys and air monitoring will be performed to establish the correct postings.

C4.2 Piping Inspections

Piping will be inspected for liquid and solid residuals. Inspections may be performed using a
self-illuminated, fiber optic inspection scope via a flange, instrumentation line, or other access point.

C4.3 Vessel Inspections

Vessels will be inspected for liquid and solid residuals. Inspections may be performed using a
self-illuminated, fiber optic inspection scope via a flange, instrumentation line, or other access point.

C4.4 Hazard Abatement

Hazards in the 408A, 408B, and 408C DHX will be identified, evaluated, and prioritized for mitigation.
This includes radiological, chemical, biological, industrial safety, and asbestos hazards.

Radiological contamination will be stabilized or the source may be removed to minimize the spread of
contamination. Removal of equipment, tanks, and/or piping will be evaluated on a case-by-case basis.
The benefit of near-term removal for risk reduction will be determined by the removal action project
team.
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C5 Sampling and Analysis

Sampling and analysis will be performed to support worker safety during removal activities, characterize
the waste for disposal, and provide information on as-left conditions to support a future removal or
remedial action. The sampling instructions, as specified in this section, comply with the data quality
objectives in Section 1.3 of the main text of this document.

C5.1 Anticipated Waste Streams

Waste streams identified in Table C-1 are anticipated to be generated during the removal activities for the
408A, 408B, and 408C DHX. The first three columns in this table are identical to Table 1-6 in the main
text of this document.

Table C-1. Anticipated Waste Streams for the 408A, 408B, and 408C DHX

Number Waste Stream Media Anticipated Waste Stream
1 Liquid residuals Aqueous liquid residuals in miscellaneous Yes
piping, system, pumps, sumps, tanks, floor
drains, piping, and processing equipment
2 Solids, sediments, and Sediments and residuals in piping, system Yes
residuals pumps, sumps, tanks, floor drains, piping, and
processing equipment
3 Bulk construction debris Bulk construction debris includes, but is not Yes, some debris may
limited to: be generated during equipment
e Poured concrete removals
o Concrete block
o Sheetrock
¢ Wooden doors
o Nonasbestos-containing roofing materials
o Pumps and miscellaneous equipment
o Steel structural components
o Steel siding
¢ Ventilation system components
o Stabilizing compounds
4 Asbestos-containing material | Floor tiles, insulation, cement asbestos board, Yes
asbestos siding, asbestos gaskets or packing
material, and roofing materials
5 Incandescent light bulbs Lead-based bulbs Yes
6 Fluorescent light ballasts Light ballasts containing polychlorinated Yes
biphenyls
7 Lead shielding and packing Lead packing material and bricks Yes
8 Mercury switches and Switches and instruments containing mercury Yes
instrumentation
9 Emergency light batteries Lead-acid batteries Yes
10 Mercury vapor light bulbs Light bulbs containing mercury and lead bases Yes
11 Exit signs and smoke Internal radioactive sources Yes

detectors

C-9
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Table C-1. Anticipated Waste Streams for the 408A, 408B, and 408C DHX

Number Waste Stream Media Anticipated Waste Stream
12 Lubrication, grease, oil, and Nonaqueous liquids Yes
hydraulic oils (includes door
actuators)
13 High-efficiency particulate air | Filter media Yes
filters and bag filters
14 Step-off pad soft waste Personal protective equipment, garments, rags, Yes
tape, plastic, and gloves
15 Paint on interior and exterior | Dried paints Yes
surfaces
16 Contaminated equipment Spent equipment Yes
17 Sodium residuals and sodium | Residuals (liquid sodium in frozen form) Yes
contaminated waste removed from piping and equipment
Solid waste (personal protective equipment,
catch pans, etc.) contaminated from sodium
removal activities
18 Chemical products Containers, canisters, crates, drums, and bottles Yes
19 Anomalous media Liquid, solid, or sludge Yes

C5.2 Contaminants of Concern

Table C-2 lists the contaminants of concern that may be analyzed for at the 408A, 408B, and 408C DHX
during removal activities. Methods and analytical requirements (e.g., practical quantitation limits) are
provided in Tables 2-2 and 2-3 of the main document and will be identified in the sampling work
packages. Additional analyses may be performed as needed.

Table C-2. Contaminants of Concern

Chemical
Chemical Abstracts
Abstracts Service
Contaminants Service Number Contaminants Number
Radionuclides
Cesium-137 10045-97-3 Niobium-94 14681-63-1
Cobalt-60 10198-40-0 Uranium-233/234 U-233/234
Gross alpha and gross beta ggg;_ig_; Uranium-238 U-238
Nickel-63 13981-37-8
Metals
Aluminum 7429-90-5 Mercury 7439-97-6
Calcium 7440-70-2 Nickel 7440-02-0
Chromium 7440-47-3 Potassium 7440-09-7
Copper 7440-50-8 Silicon 7440-21-3
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Table C-2. Contaminants of Concern

Chemical
Chemical Abstracts
Abstracts Service
Contaminants Service Number Contaminants Number

Iron 7439-89-6 Sodium 7440-23-5
Lead 7439-92-1 Tin 7440-31-5
Lithium 7439-93-2 Titanium 7440-32-6
Magnesium 7439-95-4 Uranium 7440-61-1
Manganese 7439-96-5 Zinc 7440-66-6

Wet Chemistry Parameters
Alkalinity Alkalinity Oil and grease Oil/grease
Chloride 16887-00-6 Sulfate 14808-79-8
Fuel oil N/A

Organics
Benzene 71-43-2 Total organic carbon TOC
Dichlorodifluoromethane (Freon® R12) 75-71-8 TPH — Gasoline range TPH Gasoline
Ethylene glycol 107-21-1 TPH — Diesel range TPH Diesel
Polychlorinated biphenyls (PCBs, Aroclors) N/A TPH — Kerosene range TPH Kerosene
Sodium carbonate 6132-02-1 TPH — Motor oil TPH Motor Oil
Unknown organics in liquid films, greases
Sulfuric acid 7664-93-9 and solid residues in bearings and N/A
gearboxes
Physical Parameters

Asbestos 12001-29-5

Sources: CPCC-00832, Tank Closure and Waste Management EIS Calculations and Analysis.
DOE/EIS-0391, Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site.
DOE/RL-2009-26, Surveillance and Maintenance Plan for the Fast Flux Test Facility (FFTF).
FFTF-18346, Technical Information Document for the Fast Flux Test Facility Closure Project Environmental Impact Statement.
FFTF-25070, Fast Flux Test Facility Deactivation End Point Criteria.

Process knowledge.

®Freon is a registered trademark of The Chemours Company.

N/A = not applicable

TPH =

total petroleum hydrocarbon

Sample container, preservation, and holding time requirements are specified in Table 2-6 of the main text
of this document. Tables 2-2 and 2-3 of the main text define the analytical performance requirements
(e.g., practical quantitation limit, precision, and accuracy) for the target analytes.
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C5.3 Sampling Design
The sampling design for the 408A, 408B, and 408C DHX includes the following details:

o Initial field radiological surveys and smears, as identified in Section 3.1 of the main text of this
document, with focused sampling on radiological hot spots and source points (e.g., leaking
equipment)

e Asbestos inspection and sampling, as identified in Table 3-2 of the main text of this document
e Paint sampling, as identified in Table 3-2 of the main text of this document

o Sampling of liquid or solid residuals found in tanks and pipes, as identified in Table 3-2 of the main
text of this document

o Waste characterization sampling, as identified in Section 3.1 and Table 3-2 of the main text of this
document

e Astiming and funding allows, additional characterization sampling that may also be performed to
support a future remedial action

C5.3.1 Asbestos Inspection and Sampling

Inspection and possible sampling of the thermal system insulation in the 408A, 408B, and 408C DHX are
needed to confirm the presence of asbestos. Category | and Category Il nonfriable asbestos-containing
material in poor condition may be sampled. Inspection and representative sampling of insulated electrical
wiring (by voltage type) will be performed only after the existing electrical system has been deactivated.
Initial limited asbestos sampling will be used to support worker safety decisions. In lieu of sampling,
materials may be presumed to contain asbestos.

C5.3.2 Residuals Sampling

When sampling residuals inside equipment or when sampling stains, spills, or anomalies on the floor/wall
or on equipment exteriors, the target analytes will include the suite of radiological and chemical
constituents identified in Table C-2.

C5.3.3 Waste Characterization Sampling

Initial characterization activities are focused on information needed for worker protection.

Additional sampling to support waste profiling during the initial characterization will be determined by
the removal action project team. This determination will be affected by near-term equipment removals.
Characterization activities to support waste profiling will be performed as waste is generated from the
removal activities.
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D1 Introduction

This appendix addresses the sampling activities within the 491 East, 491 South, and 491 West Heat
Transport System (HTS) Service Buildings to support the non-time-critical removal action for the Fast
Flux Test Facility (FFTF) Complex. The 491 East, South, and West HTS are located adjacent to the east,
south, and west sides of the 405 Reactor Containment Building, respectively (Figure D-1). Descriptions
of the buildings, their hazard conditions, removal activities, and sampling strategy to support waste
characterization are provided in the following sections.

LB A

Figure D-1. Fast Flux Test Facility Complex Buildings/Structures

D2 Building Description

The 491E, 491S, and 491W HTS buildings were built in 1973. The 491E and 491W HTS buildings are
structurally connected to each other (Figure D-2), with floors at the 530 ft elevation (basement), 550 ft
elevation (ground level), and 570 ft elevation (first floor). The 491S HTS has floors at the 530 ft elevation
(basement) and 550 ft elevation (ground level). Noncombustible construction materials were used
consisting of steel framing, concrete floors and walls, and concrete block with metal siding.

The 491S HTS is approximately 43.5 ft tall, extending 20 ft abovegrade to 23.5 ft belowgrade, and has a
total area of 10,823 ft?. The 491E and 491W HTS are 71 ft tall, extending 44 ft abovegrade to

27 ft belowgrade. The 491W HTS has a total area of 20,140 ft?, and the 491E HTS has a total area of
20,040 ft2.
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Figure D-2. 491E, 4918, and 491W Heat Transport System Service Buildings

Heat generated by the FFTF reactor was removed via the HTS by pumping liquid sodium through the
reactor vessel. The HTS Buildings contain the secondary Main HTS loop piping and components.

The 491S HTS contains cold trap cells, a gas cooler area, a sodium and argon sampling pipeway, and
process monitoring equipment including gas chromatographs and fission gas monitors. The 491W HTS
contains two secondary sodium system pump enclosures with liquid rheostats to control pump flow,
secondary sodium sampling enclosures, and other process-related equipment rooms. The sodium
processing system drained into the T-44 vessel located in the 491W HTS. The 491W HTS also provides
access to the 405 Reactor Containment Building through an emergency airlock. The 491E HTS contains
one secondary sodium pump enclosure with liquid rheostat and other similar equipment to the

491W HTS.

Figure D-3 through Figure D-14 provide plan and side views of each HTS building/structure. The 491E,
491S, and 491W HTS were deactivated and are currently in a surveillance and maintenance (S&M)
phase.
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D3 Current Conditions

This chapter identifies the current conditions of the 491E, 491S, and 491W HTS including radiological,
chemical, and structural hazards. General conditions are discussed first, followed by specific equipment.

D3.1 General Conditions

Some, but not all, hazardous substances were removed from the 491E, 491S, and 491W HTS during the
FFTF deactivation period (1994 to 2008). In addition to radiological and chemical hazards, structural
hazards may exist due to degradation of the buildings and structures. The list of hazardous materials is an
estimate and is only as complete as documents, process knowledge, S&M records, and hazard analyses
provide.

The major deactivation activities at the FFTF Complex in preparation for S&M were to drain sodium
systems to the 402 Sodium Storage Facility and to offload all reactor fuel. All polychlorinated biphenyl
transformers and major electrical batteries were removed from the plant. Water-glycol cooling systems
and various oil systems were drained to the extent practical. All water supplies (sanitary and fire
sprinkler) were isolated and piping was drained to prevent damage from freezing. Contaminated refueling
components were sealed. Gas cylinders (e.g., propane, oxygen acetylene) were removed and recycled or
sent for use at another facility. Combustible materials and wastes were removed. Floor drains and sanitary
sewer connections were plugged or capped to prevent contamination migration. Asbestos and confined
space assessments were conducted.

The original electrical distribution system to the FFTF Complex was isolated and disconnected.

A pole-mounted electrical distribution system was installed that supplies two disconnect switches.
One switch is for continuous power for several fire detection and alarm system panels, while the other
provides as-needed power for lighting and ventilation equipment during plant entries.

The ventilation systems were also modified to support S&M activities. Original sources of power to fans
were disconnected and the compressed air systems used to operate dampers were deactivated.
Select exhaust fans were connected to the new power supply.

Final radiological surveys and maps documenting dose rates and contamination levels were assembled in
the S&M records area to document completion of deactivation endpoints. Radiological conditions were
posted on access points. The 491E, 491S, and 491W HTS buildings are chemically and radiologically
contaminated and posted as follows:

e 491E — Institutional Control and Radiation Contamination Area

e 491S — Radioactive Material Area, Radiation Buffer Area, Radiation Contamination Area, Radiation
Area, and High Radiation Area

e 491W — Institutional Control, Radiation Contamination Area, and Radiation Area

The ground level (550 ft elevation) of the 491E, 491S, and 491W HTS buildings are entered annually
during S&M. The southwest area (rooms 429 and 431) of the 491W HTS basement (530 ft elevation) is
included on the tour path for the T-44 vessel. The surveillance path also includes the first floor (570 ft
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elevation) and roofs of the 491E and 491W HTS. Annual surveillance reports noted the following
conditions:

e 491E — Presumed asbestos-containing material was noted coming out of a pipe chase and landing on
an overhead beam and the floor. Water intrusions were also noted throughout the building.
Damaged duct insulation on the roof was reported in 2022.

e 491S - During 2018, water damage on ducting on the roof was noted.

o 491W — Water intrusions were noted throughout the building and water accumulation was noted on
the roof. There is evidence of residual chemical contamination both outside of and throughout
room 429 on the 530 ft level. Damaged duct insulation was noted on the roof in 2017 and 2022.

D3.2 Equipment Conditions

Various operational equipment remains at the 491E, 491S, and 491W HTS, including the secondary
sodium pumps, sodium sampling equipment, secondary sodium piping, control equipment enclosures, and
electrical equipment. During deactivation, HTS sodium systems were drained to the 402 Sodium Storage
Facility. Electrical equipment was isolated and the facility’s fire alarm and detection system was
deactivated (the C-1355 fire alarm and detection panel remains in service). Fire dampers were closed and
uninterruptible power supply batteries, emergency lanterns, and fire extinguishers were removed.

Doors that were not needed for surveillance were isolated and sealed. The oil was drained from the
shielding window in the sodium sampling cell in the 491S HTS. Approximately 900 Ib of lead remains in
the 491S HTS.

After draining, some frozen sodium and sodium residuals remain in the HTS systems, including the
following:

e 491E — 300 gal of frozen sodium in the Loop 1 Cold Trap (N-7)
e 491S - 60 gal of frozen sodium in the Cesium Trap (N-3)

e 491W — 300 gal of frozen sodium each in the Loop 2 Cold Trap (N-40) and Loop 3 Cold Trap (N-41)
and 30 gal of residual sodium in the T-44 vessel!

The Cesium Trap and T-44 vessel contain a total of 48 Ci of cesium-137. An argon gas system is in place
to provide safety coverage. The argon cover gas is supplied from the 4734A Dewar Pad. Alarms for high
or low pressure are transmitted to the 481 Water Pump House.

The status of HTS exhaust fans is as follows:
e 491E — Exhaust fan R-562 was taken out of service.

e 491S — Exhaust fans R-751 and R-752 to the FFTF-HT-TR emission unit were taken out of service.
The FFTF-HT-TR emission unit (stack) is not permanently closed; however, power has been
disconnected from the R-751 and R-752 fan motors. In 2015, the Washington State Department of
Health agreed that this emission unit could be removed from the FF-01 license. This unit remains in

1 After the secondary loop and Intermediate Heat Exchanger secondary drained, a sodium plug was formed in the
transfer line above the T-44 vessel. This line is the Secondary Loop 3 drain line. The plug was formed by removing
insulation and raising sodium from the T-43 vessel to this location. The intent was to prevent contaminated sodium
transferred in subsequent drains (Primary, Interim Decay Storage, and Fuel Storage Facility) from reaching anywhere
near the Loop 3 drain header.

D-16



DOE/RL-2023-17, REV. 0

place until deactivation and decommissioning methods are established and a determination on the
need of this ventilation unit has been reached.

e 491W - Exhaust fans R-612 and R-613 were taken out of service. Exhaust fan R-617 (supporting
access to the T-44 cell at the 530 ft level) discharges to atmosphere via damper 25-BD-0435.

Power to each of three liquid rheostats in the secondary HTS system has been removed by opening
breakers and the sodium carbonate electrolyte has been drained. Little or no sodium carbonate residue
was observed in any of the rheostat sumps, but some residue is expected in the rheostats’ electrode cells.
Some carbonate has migrated to outside of the rheostat but presents little hazard to personnel or the
environment.

D4 Removal Activities

The following removal activities for the 491E, 491S, and 491W HTS are identified in Chapter 5 of
DOE/RL-2021-29, Action Memorandum for the Fast Flux Test Facility Complex:

e S&M
e Hazard abatement

Descriptions of S&M and hazard abatement are provided in Chapter 2 of Removal Action Work Plan for
the FFTF Complex, which is currently being developed. These actions will be performed in the 491E,
491S, and 491W HTS and will include the activities described in the following sections.

D4.1 Update Radiological Postings

Currently, many areas throughout the 491E, 491S, and 491W HTS have conservative radiological
postings, given infrequent entries throughout the last 15 years. As a part of hazard mitigation work,
radiological surveys and air monitoring will be performed to establish the correct postings.

D4.2 Piping Inspections

Piping will be inspected for liquid and solid residuals. Inspections may be performed using a
self-illuminated, fiber optic inspection scope via a flange, instrumentation line, or other access point.

D4.3 Vessel Inspections

Vessels will be inspected for liquid and solid residuals. Inspections may be performed using a
self-illuminated, fiber optic inspection scope via a flange, instrumentation line, or other access point.

D4.4 Hazard Abatement

Hazards in the 491E, 491S, and 491W HTS will be identified, evaluated, and prioritized for mitigation.
This includes radiological, chemical, biological, industrial safety, and asbestos hazards. Radiological
contamination will be stabilized or the source may be removed to minimize the spread of contamination.
Removal of equipment, tanks, and/or piping will be evaluated on a case-by-case basis. The benefit of
near-term removal for risk reduction will be determined by the removal action project team.
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D5 Sampling and Analysis

Sampling and analysis will be performed to support worker safety during removal activities, characterize
the waste for disposal, and provide information on as-left conditions to support a future removal or
remedial action. The sampling instructions, as specified in this section, comply with the data quality
objectives in Section 1.3 of the main text of this document.

D5.1 Anticipated Waste Streams

Waste streams identified in Table D-1 are anticipated to be generated during the removal activities for the
491E, 491S, and 491W HTS. The first three columns in this table are identical to Table 1-6 in the main
text of this document.

Table D-1. Anticipated Waste Streams for the 491E, 4918, and 491W HTS

Number Waste Stream Media Anticipated Waste Stream
1 Liquid residuals Aqueous liquid residuals in miscellaneous Yes
piping, system, pumps, sumps, tanks, floor
drains, piping, and processing equipment
2 Solids, sediments, and Sediments and residuals in piping, system Yes
residuals pumps, sumps, tanks, floor drains, piping, and
processing equipment
3 Bulk construction debris Bulk construction debris includes, but is not Yes, some debris may
limited to: be generated during equipment
e Poured concrete removals
o Concrete block
e Sheetrock
* Wooden doors
« Nonasbestos-containing roofing materials
o Pumps and miscellaneous equipment
o Steel structural components
o Steel siding
* Ventilation system components
o Stabilizing compounds
4 Asbestos-containing material | Floor tiles, insulation, cement ashestos board, Yes
asbestos siding, ashestos gaskets or packing
material, and roofing materials
5 Incandescent light bulbs Lead-based bulbs Yes
6 Fluorescent light ballasts Light ballasts containing polychlorinated Yes
biphenyls
7 Lead shielding and packing Lead packing material and bricks Yes
8 Mercury switches and Switches and instruments containing mercury Yes
instrumentation
9 Emergency light batteries Lead-acid batteries Yes
10 Mercury vapor light bulbs Light bulbs containing mercury and lead bases Yes
11 Exit signs and smoke Internal radioactive sources Yes

detectors
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Table D-1. Anticipated Waste Streams for the 491E, 491S, and 491W HTS

Number Waste Stream Media Anticipated Waste Stream

12 Lubrication, grease, oil, and Nonaqueous liquids Yes
hydraulic oils (includes door
actuators)

13 High-efficiency particulate air | Filter media Yes
filters and bag filters

14 Step-off pad soft waste Personal protective equipment, garments, rags, Yes

tape, plastic, and gloves

15 Paint on interior and exterior | Dried paints Yes
surfaces

16 Contaminated equipment Spent equipment Yes

17 Sodium residuals and sodium | Residuals (liquid sodium in frozen form) Yes
contaminated waste removed from piping and equipment

Solid waste (personal protective equipment,
catch pans, etc.) contaminated from sodium
removal activities

18 Chemical products Containers, canisters, crates, drums, and bottles Yes

19 Anomalous media Liquid, solid, or sludge Yes

D5.2 Contaminants of Concern

Table D-2 lists the contaminants of concern that may be analyzed for at the 491E, 491S, and 491W HTS
during removal activities. Methods and analytical requirements (e.g., practical quantitation limits) are
provided in Tables 2-2 and 2-3 of the main document and will be identified in the sampling work
packages. Additional analyses may be performed as needed.

Table D-2. Contaminants of Concern

Chemical
Chemical Abstracts
Abstracts Service
Contaminants Service Number Contaminants Number
Radionuclides
Cesium-137 10045-97-3 Niobium-94 14681-63-1
Cobalt-60 10198-40-0 Uranium-233/234 U-233/234
Gross alpha and gross beta ggg;_ig_; Uranium-238 U-238
Nickel-63 13981-37-8
Metals
Aluminum 7429-90-5 Mercury 7439-97-6
Calcium 7440-70-2 Nickel 7440-02-0
Chromium 7440-47-3 Potassium 7440-09-7
Copper 7440-50-8 Silicon 7440-21-3
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Table D-2. Contaminants of Concern

Chemical
Chemical Abstracts
Abstracts Service
Contaminants Service Number Contaminants Number

Iron 7439-89-6 Sodium 7440-23-5
Lead 7439-92-1 Tin 7440-31-5
Lithium 7439-93-2 Titanium 7440-32-6
Magnesium 7439-95-4 Uranium 7440-61-1
Manganese 7439-96-5 Zinc 7440-66-6

Wet Chemistry Parameters
Alkalinity Alkalinity Oil and grease Oil/grease
Chloride 16887-00-6 Sulfate 14808-79-8

Organics
Benzene 71-43-2 Total organic carbon TOC
Dichlorodifluoromethane (Freon® R12) 75-71-8 TPH — Gasoline range TPH Gasoline
Ethylene glycol 107-21-1 TPH — Diesel range TPH Diesel
Polychlorinated biphenyls (PCBs, Aroclors) N/A TPH — Kerosene range TPH Kerosene
Sodium carbonate 6132-02-1 TPH — Motor oil TPH Motor Oil
Unknown organics in liquid films, greases
Sulfuric acid 7664-93-9 and solid residues in bearings and N/A
gearboxes
Physical Parameters

Asbestos 12001-29-5

Sources: CPCC-00832, Tank Closure and Waste Management EIS Calculations and Analysis.
DOE/EIS-0391, Tank Closure and Waste Management Environmental Impact Statement for the Hanford Site.
DOE/RL-2009-26, Surveillance and Maintenance Plan for the Fast Flux Test Facility (FFTF).
FFTF-18346, Technical Information Document for the Fast Flux Test Facility Closure Project Environmental Impact Statement.
FFTF-25070, Fast Flux Test Facility End Point Criteria.

Process knowledge.

®Freon is a registered trademark of The Chemours Company.

N/A = notapplicable

TPH =

total petroleum hydrocarbon

Sample container, preservation, and holding time requirements are specified in Table 2-6 of the main text
of this document. Tables 2-2 and 2-3 of the main text define the analytical performance requirements
(e.g., practical quantitation limit, precision, and accuracy) for the target analytes.

D5.3 Sampling Design

The sampling design for the 491E, 491S, and 491W HTS includes the following details:

o Initial field radiological surveys and smears, as identified in Section 3.1 of the main text of this
document, with focused sampling on radiological hot spots and source points (e.g., leaking

equipment)

D-20




DOE/RL-2023-17, REV. 0

o Asbestos inspection and sampling, as identified in Table 3-2 of the main text of this document
e Paint sampling, as identified in Table 3-2 of the main text of this document

o Sampling of liquid or solid residuals found in tanks and pipes, as identified in Table 3-2 of the main
text of this document

o \Waste characterization sampling, as identified in Section 3.1 and Table 3-2 of the main text of this
document

e Astiming and funding allows, additional characterization sampling that may also be performed to
support a future remedial action

D5.3.1 Asbestos Inspection and Sampling

Inspection and possible sampling of the thermal system insulation in the 491E, 491S, and 491W HTS are
needed to confirm the presence of asbestos. Category | and Category Il nonfriable asbestos-containing
material in poor condition may be sampled. Inspection and representative sampling of insulated electrical
wiring (by voltage type) will be performed only after the existing electrical system has been deactivated.
Initial limited asbestos sampling will be used to support worker safety decisions. In lieu of sampling,
materials may be presumed to contain asbestos.

D5.3.2 Residuals Sampling

When sampling residuals inside equipment or when sampling stains, spills, or anomalies on the floor/wall
or on equipment exteriors, the target analytes will include the suite of radiological and chemical
constituents identified in Table D-2.

D5.3.3 Waste Characterization Sampling

Initial characterization activities are focused on information needed for worker protection. Additional
sampling to support waste profiling during the initial characterization will be determined by the removal
action project team. This determination will be affected by near-term equipment removals.
Characterization activities to support waste profiling will be performed as waste is generated from the
removal activities.
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Item Pg. # Comment or Question Justification/Basis Recommendation DOE Response Ecology Open/ | Reviewer
No. Sec. # Response Close Initials
Para./Sent.
18. Section 3.3 Sampling “Work package documentation will address how highly See comment. Specific information regarding potential Accept Close ECY/GP
Methods, Pg. 3-11 (pg | contaminated, and sodium contaminated samples will be contamination levels is needed to determine
67 in Draft A), row 20- | collected, preserved, handled, packaged, and shipped.” whether a specific control should be in place.
22 Sodium is present in many substances in small amounts This is captured in the work planning process,
(tap water, sodium bicarbonate, table salt, etc.). What is specifically during the job hazard analysis
the threshold (concentration) for a sample to be phase.
1 H I?
contaminated' No change to the SAP.
19. Section 6 References For 6 References Section, is there or has there ever been a Add date of accession (checking There is no requirement to post the last Accept Close ECY/GP

(PDF pg 79)

requirement to check link viability and post last accession
date?

for link viability) to each reference
in any reference list.

accession date for a reference. The viability
of reference links is checked during the CPCCo
technical editing process.

No change to the SAP.
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