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Dear Dr. Huntoon:

The Hanford Spent Nuclear Fuel Project (SNFP) is critical to resolving the spent fuel
vulnerabilities identified in the Defense Nuclear Facilities Safety Board’s (Board)
Recommendation 94-1, Improved Schedule for Remediation in the Defense Nuclear Facilities
Complex. The project provides for the removal, conditioning, and interim dry storage of the
deteriorating spent N-Reactor fuel stored underwater in the aging basins at the K-Reactors.

The Board previously forwarded a technical report, DNFSB/TECH-17, Review of the
Hanford Spent Nuclear Fuel Project, October 1997, addressing the schedule problems associated
with the SNFP at Hanford. Since DNFSB/TECH-17 was issued, the Board’s staff has continued
its reviews of the project to ensure that safety problems are identified and addressed expeditiously
and effectively. The results of these reviews are described in the enclosed technical report,
DNFSB/TECH-30, Safety Review of the Hanford Spent Nuclear Fuel Project During the Design
and Construction Phase, November 2000.

The Board believes that the valuable lessons learned on this project in areas such as
quality assurance, preoperational testing, phased Safety Analysis Report preparation, and design
reviews should be applied to the ongoing project efforts for the K-East Basin. They should also
be of value for application to other projects throughout the defense nuclear complex.
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This report is transmitted for your consideration and potential use on other projects under
the cognizance of the Office of Environmental Management, as well as in continuing
assessments of the SNFP at Hanford.

Sincerely,

Chairman
Enclosure

¢: Mr. Mark B. Whitaker, Jr.
Mr. Keith A. Klein
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EXECUTIVE SUMMARY

The need for safe, expeditious stabilization of hazardous resdud materids from the
nation’s nuclear weapons program was identified by the Defense Nuclear Facilities Safety Board
(Board) in its Recommendation 94-1, Improved Schedule for Remediation (Defense Nuclear
Facilities Safety Board, 1994). A key dement of the Department of Energy’s (DOE)
Implementation Plan for Recommendation 94-1 (O’ Leary, 1995), is the Spent Nuclear Fue
Project (SNFP) at the Hanford Site.

The Board' s staff completed areview of schedule problems associated with the SNFP in
thefal of 1997; the results of that review were documented in atechnica report, DNFSB/TECH-
17, Review of the Hanford Spent Nuclear Fuel Project (Defense Nuclear Facilities Safety Board,
1997). After DNFSB/TECH-17 wasissued, the Board' s taff continued its reviews of the project
to ensure that safety problems were identified and addressed expeditioudy and effectively.

Applying the key tenets of Integrated Safety Management, the Board' s Saff reviewed the
SNFP activities through frequent Ste vidts, technica meetings, and document reviews, aswell as
ongoing reviews by the Board' s Site Representatives assigned full-time to the Hanford Site.
Issues identified during these reviews, and DOE actions to resolve them include:

I Additiond design features and procedurd controls to prevent and mitigate potentia
runaway thermal reactions (rgpid oxidation of the irradiated spent fuel leading to an
uncontrolled thermal reaction and ignition of the fudl). (see Section 3.2.2.2)

Additiond actions to reduce the potentia and mitigate the consequences of a cask
drop event in the basin. (See Section 3.2.3.3)

Ingtdlation of an annunciator to indicate aloss of battery room ventilation. (See
Section 3.2.3.4)

Enhanced quality assurance of the Multi-canister Overpack through appropriate
gpplication of the American Society of Mechanical Engineers Boiler and Pressure
Vessel Code. (See Section 3.3.3)

Ingtalation of reliable standby power in the Cold VVacuum Drying Facility for sefety-
ggnificant ventilation. (See Section 3.5.3.8)

Ingalation of alightning protection system for the ventilation exhaust stack a the
Cold Vacuum Drying Facility. (See Section 3.5.3.8)

1 Correction of design andysis deficiencies identified through a confirmatory structural
analyss. (See Section 3.6.3.1)
The issues described above were resolved satisfactorily by DOE and its contractors
working with the Board and its gaff. The resolution of these issues at the K-West Basin provide



vauable lessons to be applied to the K-East Basin and to other projects throughout the defense
nuclear complex. These lessonsinclude:

Phased Development of Safety Analysis Documentation — A comprehensve
Prdiminary Safety Andlysis Report is necessary to minimize changes to design,
component classification, and safety assumptions. (See Section 4.1)

Design Reviews—Thorough, timely design reviews are essentia for ensuring early
Identification of inadequate design features. (See Section 5.2)

Quality Assurance—Each phase of design, procurement, fabrication, and construction
must rigoroudy apply to quaity assurance standards and practices to avoid costly and
time consuming deficiencies. (See Section 4.3)

Preoperational Testing—Preoperation test programs must ensure the appropriate rigor
in conducting and documenting tests, must include integrated tests rather than relying
solely on tests of components and subsystems, and must include sufficient schedule to
alow recovery from failures or deficiencies. (See Section 4.6.2)
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1. INTRODUCTION

1.1 BACKGROUND

The need for safe, expeditious stabilization of hazardous resdua materids from the
nation’s nuclear wegpons program was identified by the Defense Nuclear Facilities Sefety Board
(Board) in its Recommendation 94-1, Improved Schedule for Remediation (Defense Nuclear
Facilities Safety Board, 1994). The importance of this matter was underscored by commitments
contained in the Department of Energy’s (DOE) Implementation Plan for Recommendation 94-1
(O’ Leary, 1995), which was accepted by the Board.

The Spent Nuclear Fud Project (SNFP), akey dement of DOE’ s Implementation Plan for
Recommendation 94-1, is one of the most critical projects at the Hanford Site. The project
addresses the spent nuclear fuel currently stored in the Hanford K-Basins. During the Cold War,
fud discharged from the Hanford production reactors was processed in the PlutoniumyUranium
Extraction Facility (PUREX) to recover the plutonium created by neutron irradiation. PUREX
operated in this mode from 1956 until 1972. It was shut down from 1972 to 1983, then operated
for about 7 years to process irradiated N-Reactor fuel. In 1990, PUREX was placed in standby
datus, and in 1992 it was shut down permanently, thus eiminating processing capabilities that
could have been used to stabilize the subgtantid inventory of spent fud inthe K-Basins. This
remaining spent fuel has been stored for an extended period and its condition has deteriorated,
some of it serioudly.

During September 1997, the Board' s staff completed areview of serious schedule
problems associated with SNFP that threstened timely completion of this important risk-reduction
effort. The results of that review were discussed in aletter from the Board dated November 18,
1997 (Conway, 1997), which enclosed atechnica report on the subject, DNFSB/TECH 17,
Review of the Hanford Spent Nuclear Fuel Project (Defense Nuclear Facilities Safety Board,
1997).

Since DNFSB/TECH-17 was issued, the Board' s staff has continued its reviews of the
project to ensure that safety problems are identified and addressed expeditioudy and effectively.
Although the 1997 schedule dippage has not been recovered, the project has been aggressively
managed to a new basdline established in 1998. Significant changes in project management have
occurred, and key management personne have been added to the contractor organization. These
changes have addressed a key weakness identified in DNFSB/TECH-17 that chalenged the safe
and timely completion of the project. Since issuance of DNFSB/TECH-17, identification and
evauation of problems have been performed more systematicaly, and specific actions to address
and resolve problems have been identified and inditutionaized.

As part of its ongoing review of the project, the Board' s saff has reviewed SNFP
activitiesin the field through frequent Ste visits, aswell as through ongoing monitoring of the
project by the Board' s Site Representatives assgned full-time to the Hanford Site. This report
presents the results of the staff’ s reviews of the design and construction activities of the SNFP
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and the associated safety documentation, as well as extensive interaction with DOE personnd and
the SNIFP contractors, to provide assurance that the SNIFP facilities can be operated safely.

1.2 ORGANIZATION OF THISREPORT

The organization of the mgor portion of this report reflects the staff’ s gpplication of the
key tenets of Integrated Safety Management (ISM) to the design and congtruction phase of a
fecility’slifecycle. That is, the reviews on which the report is based addressed each of thefive
core functions of asound ISM System, as outlined in DNFSB/TECH-16, Integrated Safety
Management (Defense Nuclear Facilities Safety Board, 1997). 1SM represents a common-sense
gpproach to planning and performing virtudly al types of hazardous work, applying aswell to
the design and congtruction phases of the facility life cycle asto the operations phase. These core
functions, adapted to the design and congtruction phases of the facility life cycle (see
Figure 1-1), are asfollows:

I Definition of the work and how it isto be accomplished (i.e., misson satement and
identification of functiona requirements),

Andyds of the hazards entailed in performing the work,

Identification and description of the controls (structures, systems, and components
[SSCs]) and adminigtrative controls necessary to accomplish the facility misson
stely,

Performance of design and congtruction work within structured programs for ensuring
implementation of hazard controls, using adequately trained personnd, and

Assessment of how well the work was performed, including provisions for feedback
and continuous improvement.

Section 2 provides an overview of the SNFP mission, aswell as a genera description of
the sequence of activities and the relaionships among the facilities and processes involved in the
project. Thisinformation sets the stage for the observations and findings resulting from the
gaff’ s reviews, which are presented in the later sections.

The above core functions serve as the framework for presentation of the results of the
saff’ sreviewsin Sections 3, 4, and 5.

Section 3 addresses each of the following SNFP facilities and mgor activities:
1 Project approach to facility level hazard andysis and controls (Section 3.1),

1 Sysemsand activitiesin the K-Basins (Section 3.2),
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Design and fabrication of the Multi-canister Overpacks (MCOs) (Section 3.3),

Transport of the MCOs between facilities (Section 3.4),

Desgn of sysems and conduct of activitiesin the Cold Vacuum Drying Fecility

(Section 3.5), and
I Desgn of sysemsand conduct of activitiesin the Canister Storage Building
(Section 3.6).
Fi
g Define Scope of Work
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Source: DNFSB/TECH-16, Integrated Safety Management (Defense Nuclear Fecilities Safety
Board, 1997).
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For each of the above facilities and activities covered in Section 3, the first three core ISM
functions (definition of the scope of work, andysis of the hazards posed by the work, and
identification and description of needed controls) are addressed, subsystem by subsystem.

Section 4 addresses the fourth core I1SM function, associated with those programs that
ensure that hazard controls will be properly implemented, including the process for establishing
activity level controls for worker protection.

Section 5 describes project-level activities designed to ensure that the final core ISM
function, feedback and improvement, has been adequately addressed.

Findly, Section 6 presents conclusions reached by the Board' s staff, based on its reviews
and evauations of the SNIFP design activities and supporting documentation.

A glossary of abbreviations and acronyms and alist of references are provided at the end
of the report.
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2. OVERVIEW OF THE SPENT NUCLEAR FUEL PROJECT

2.1 MISSION

The misson of the SNFP is to resolve the safety and environmenta issues associated with
continued wet storage of deteriorating spent nuclear fuel (SNF) in the Hanford K-Basins.
Accomplishing this misson involves severd mgor functions conducted primarily in three
separate facilities:

I Preparing and loading fud into Multi-canister Overpacks (MCOQOs) in the K-Basins,

I Trangporting wet MCOs from the K-Basins to the Cold VVacuum Drying Facility
(CVDF),

Draining free water from the MCOs and drying them in the CVDF,

Transporting loaded MCOs from the CVDF to the Canister Storage Building (CSB),
and

Storing loaded MCOs on an interim badsin the CSB facility, pending ultimate
disposd in a suitable repository.

The K-Basins and the CVDF are located in the 100K Area of the Hanford Site (see Figure 2-1);
the CSB is gpproximately 8 miles away in the 200 East Areaand is more than 250 feet above the
design basisflood leve of the Columbia River (seeinset in Figure 2-1).

2.2 PROCESSAND FACILITY OVERVIEW

The functions and processes associated with each mgjor SNFP facility are briefly
described below. Portions of the descriptions of facilities and the figures in this section are taken
from the safety bad's documents for the facilities.

2.2.1 K-Basins

The K-West (K-W) and K-East (K-E) Basins are large pools of water originaly used to
store and handle SNIF discharged from the K-Reactors as part of the wegpons material production
effort. During the late 1970s and early 1980s, the K-Basins were modified to store SNF from the
N-Reactor aswell.

The basin water provides radiation shielding and remova of heat generated by decay of
the fisson products in the SNF. The water is continudly filtered and trested to improve
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vishility, and is cooled to remove the heat generated by radioactive decay of the SNF and to
reduce the rate of corroson of the fud dements. The basins currently contain about
2,270 metric tons of SNF, consisting of approximately 105,000 N-Reactor fue eements.
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Source: Fluor Hanford, Inc., HNF-WM-SAR-62, Revision 4 (Fluor Hanford, Inc., 2000).

Principd activities to be conducted in the K-Basins in preparation for remova of the SNF
involve fue retrieva; cleaning and sorting of fuel assemblies; loading of fud and dudgeinto
baskets, then into MCOs; and water trestment to remove accumulated dudge and soluble
contaminants. The following modifications have been made to the K-W Basin to permit safe
packaging and removal of SNF. (The systems described below were ingtdled in the K-W Basin;
amilar changes are planned for later ingdlation in the K-E Badin.)

Fuel Retrieval System (FRS)—The FRS provides the capability to clean, sort, and load
spent fud dements into the MCO baskets. The primary functions of the FRS are to
retrieve the SNF assemblies, separate them from the canisters where they presently
reside, clean the assemblies to meet downstream processing requirements, load the

SNF into MCO baskets, and position the MCO baskets for loading into MCOs.
Remotely operated manipulators are used for sorting and loading the SNF to reduce
worker exposure to radiation or contamination.

Integrated Water Treatment System (IWTS)—The IWTS maintains basin water
quality during fuel remova activities and provides water directly to the basin and fue
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removal processes. The IWTS consgts of submersible pumps drawing suction from
three locationsin the fud retrieva system, then routing the water through a series of
particulate and dudge remova vessds and an ion exchange module to remove soluble
radionuclides (primarily cesum) before returning the water to the basin or, as required
by operational needs, distributing it to other basin users (e.g., MCO South Loadout Pit
flush, MCO transfer cask rinse). The IWTS is managed as a closed-loop system and
can be coupled with the existing skimmer system to provide increased operationa
flexibility.

Cask Loadout System (CLS)—The CLS includes the MCO Loading System, used to
place the loaded baskets of SNF into the MCO, which isinsgde atransfer cask in the
South Loadout Pit. Animmersion pail protects the outside of the transfer cask from
contamination when it isimmersed in the basin. The Immersion Pail Support

Structure is the primary load-carrying structure and interfaces directly with the South
Loadout Pit. The Operator Interface Platform provides operator access near the center
of the South Loadout Pit during SNF loadout operations.

The basin and supporting areas are located directly north of the 105 K-Reactor building
(see Figure 2-2). The main basin includes three bays separated by vertical concrete walls.
Severd pits—including the Dummy Elevator Pit, Weasd Pit, Technicd View Pit, and North and
South Loadout Pits—and the reactor fuel discharge chute are attached to the main basin. Thereis
a center idand between the main basin and the discharge chute. Isolation barriersingaled
between the basin walls and the center idand separate the basin from the discharge chute to
mitigate the effects of afailure of the congruction joint between the discharge chute and the
reactor building. A transfer bay with alarge crane islocated west of each basin to support
fud-handling activities.
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Essentidly dl of the spent fud currently stored in the K-Basinsis from the N-Reactor. A
small amount of single-pass reactor SNF is sored in the basins; this SNF is not included in the
Fina Safety Andlysis Report. An addendum for the SAR is planned before this fuel is moved
from the basin. A typical N-Reactor Mark 1V fuel dement is shown in Figure 2-3. Ongoing
operations now under way involve surveillance, monitoring, and water treatment as required to
maintain proper storage conditions, and control and accountability of specia nuclear materids
(safeguards). These activities are covered by an existing authorization basis agreement, based on
appropriate hazard and safety analyses.

Figure 2-3. N-Reactor Fuel Assembly (Mark 1V)
Source: Fluor Hanford, Inc., HNF-SD-TP-SARP-017, Revision 2 (Fluor Hanford, Inc., 2000).
2.2.2 Multi-canister Overpack

The safety function of the MCO is to provide containment of the SNF during stabilization
and storage operations (see Figure 2-4). The MCO isagtainless sted canister approximately
24 inches in diameter and amost 14 feet long (with its cover assembly ingtaled), constructed to
Section 111, Divison 1, Subsection NB, of the American Society of Mechanica Engineers Boiler
and Pressure Vessdl Code (American Society of Mechanica Engineers, 1998). A 150 pounds per
square inch, gauge (ps[g]) rupture disc in the shidd plug assembly limitsinternal MCO pressure
during processing. After processing, welding of the cover assembly to the MCO, which is done
in the CSB, encloses the rupture disk and access ports, providing atotaly welded, seded
container with a design pressure of 450 psi(g). Pressurization post-closure is not anticipated.

2-4



As part of the activities conducted in the K-Basins, cleaned SNF is placed in MCO fud or
scrap baskets. The design of fuel and scrap baskets differs, depending on the fud enrichment
(Mark 1A fud a 1.25 percent; Mark 1V at 0.95 percent) and fud dement length. Five or six fue
baskets, depending on the type of N-Reactor fuel elements involved, are then stacked insde an
MCO. Five baskets per MCO are used for Mark 1V fuel eements; six baskets are used for the
shorter Mark |A elements. Scrap baskets are used to hold pieces of fud dementsthat cannot be
stacked in afuel basket. When they are used, scrap baskets replace fuel basketsin the MCO.
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During loading of the fuel and scrap baskets, the MCO isinsde a shielded transfer cask
(the MCO transfer cask also serves as atrangportation cask) in the K-Basin South Loadout Pit.
After the baskets are loaded into the MCO, a shield plug assembly isingtaled in the MCO, using
amechanica sed between the shidd plug assembly and the MCO shell.

After the transfer cask cover isingdled, the loaded MCO transfer cask is removed from
the South Loadout Pit and positioned on atruck trailer. The loaded MCO is then transported to
the CVDF, where the MCO and its contents are dried (see Section 3.5). After drying in the
CVDF, the MCO istrangported to the CSB facility. Thereit is placed in astorage tube located in
a below-grade structure for interim storage, pending ultimate disposal in arepository (see Section
3.6).

2.2.3 MCO Transfer Cask and Transporter

The safety functions of the Cask Transportation System (see Figure 2-5) areto provide
shidding from radiation emitted by the highly radioactive fud dementsinsde aloaded MCO,
and to provide protection and containment of the MCO during on-site movements, including
possible accidents. The system consists of ashielded MCO transfer cask and atractor-trailer
trangporter cgpable of moving MCOs safely between facilities, and of serving as atemporary
storage and handling device for MCOs during dewatering activities conducted at the CVDF.

The MCO transfer cask isa verticd stainless sted cylinder gpproximately 40 inchesin
diameter and 170 inches high with a bolted and sedled Sainless stedl lid and integrd lifting device
providing containment; the cylinder walls are 7.31 inches thick, providing radiation shieding.

The MCO trandfer cask is trangported on atrailer designed specificdly for this purpose and used
only for on-gite trangportation.  For processing in the CVDF, awork platform is provided on the
trailer for access to the top of the MCO with the cask lid removed.

2.24 Cold Vacuum Drying Facility

The safety functions of the CVDF are to remove basin water from the MCO while
maintaining the integrity of the containment boundary and preventing runaway thermd reections
due to rapid oxidetion of the fud. Bulk water isremoved from the MCO using pressurized
helium to force the water out through an ingtdled dip tube. Additiond free weter is removed
through cold vacuum drying performed at less than 0.1 pounds per square inch, absolute, and a
50° centigrade for aminimum processing time of 50 hours. After cold vacuum drying, no more
than 0.5 pounds of free water is expected to remain in the MCO.

The CVDF, shown in Figure 2-6, is anewly congtructed facility, gpproximately 230 feet
long, 80 feet wide, and 35 feet high. The process bay area (60 feet wide by 150 feet long by
35 feet high) containsfive bays. Bay 1 is used as a spare bay without services or equipment.
Only two of the bays (Bays 4 and 5) are fully functional as process bays. Bay 3 has a process
equipment skid in place, but the skid is not connected and will be used for equipment spares. Bay
2 contains a second-level mezzanine but no process equipment. Theinitid CVDF desgn used
four process bays to meet production schedules, however, experience with operations modeling
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and testing indicated that only two process bays would be needed. The design of the process bay
areaconggts of agted frame with attached concrete panels to facilitate decontamination and
demoalition.
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Figure 2-5. Cask Transportation System
Source: Fluor Hanford, Inc., HNF-SD-TD-SARP-017, Rev. 2 (Fluor Hanford, Inc., 2000)

The process support area (20 feet by 150 feet) includes atransfer corridor and adjacent rooms,
aong with a second-floor mechanical room, and is congtructed as a two-story sted frame building
with an exterior wal of metd sding. The process water tank room adjoins the north wall of
process Bay 1. It is congructed as a single-story, stedl frame building with 10-inch-thick exterior
walls of precast concrete panels. The administration building, adjacent to process

Bay 5, isasngle-gtory, preengineered meta building with an exterior wal of insulated meta
pands. All roofsare metd. The CVDF exhaust stack (48 feet high and 30 inchesin diameter) is
located 17 feet from the west wall of the process support area.

Figure 2-6. Isometric View of Cold Vacuum Drying Facility
(diesdl generator building not shown)

Source: Fuor Hanford, Inc., HNF-3553 Annex B, Revision 1 (Fluor Hanford, Inc., 2000).
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Figure 2-7. 1sometric View of Canister Storage Building
Source: Fuor Hanford, Inc., HNF-3553, Annex A, Revision O (Fluor Hanford, Inc., 2000).
2.2.5 Canister Storage Building

The safety functions of the CSB are to receive and transfer MCOs within the building,
store them in bel ow-grade storage tubes; provide a shidded sampling/weld station; and maintain
adequate shidding, passive cooling, and containment of the MCQOs during interim storage.

The CSB isanewly condructed facility, conasting of asted frame building enclosing the
operating area, the loading/loadout area, and three bel ow-grade concrete vaults of equa sze (see
Figures 2-7 through 2-9). The vaults are covered by a concrete operating floor. Support
functions and equipment are housed in asted frame support area building adjacent to the north
sde of the operating area building. Only the northernmost vault (Vault 1) in the operding areais
equipped with sted storage tubes for staging of mechanicaly sedled MCOs and for interim
storage of the MCOs with welded cover assemblies.

The operating floor of the CSB isareinforced concrete structure approximately 230 feet
long (north-south) by 137 feet wide (east-west). The operating floor is bounded to the north by
the loading/loadout area (trailer vestibule and MCO service station) and support area building
foundations, and to the south by the sampling/weld areafoundation. The operating floor structure
contains numerous full-thickness embedded sted deeves that receive the 220 storage tubes and
tube plugs for the standard storage tubes and 6 overpack storage tubesin Vault 1. Vault 1isair-
cooled, usng natura convection. Air enters the cooling system through an above-grade inlet
sructure, then flows through a below-grade concrete intake plenum, passing around the outside of
the storage tubes to an exhaust plenum and out the exhaust stack.
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Source: FHuor Hanford, Inc., HNF-3553, Annex A, Revision O (Fluor Hanford, Inc., 2000)
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Figure 2-9. Canister Storage Building: Section
Source: Fuor Hanford, Inc., HNF-3553, Annex A, Revison O (Fluor Hanford, Inc., 2000).

Once the MCO transfer cask reaches the CSB, the MCO is removed from the cask by the
MCO Handling Machine (MHM), transported to a storage location, and lowered into a storage
tube. The MHM isashielded rotating turret mounted on a bridge and trolley (see Figures 2-10
and 2-11). Theturret has three cavities—one for moving the MCO, one for removing the storage
tube plug, and one for location determination. The MHM is aso used for moving eech MCO to a
sampling/weld station for ingtalation of awelded cover over the shield plug and mechanical sed.
The MCO isthen returned to the storage tube for interim storage pending ultimate disposd in a

repository.
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Figure 2-10. General Arrangement of Multi-canister Overpack Handling Machine

Source: FHuor Hanford, Inc., HNF-3553, Annex A, Revision O (Fluor Hanford, Inc., 2000).
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2.3 MODELING OF PROCESSESAND FACILITY OPERATIONS

The success of the SNFP mission will be measured by how expeditioudy dl hazardous

materid is removed from the K-Basins and safely stored. Timely mitigation of the hazards in the
K-Basins will reduce the safety risk to the public, workers, and the environment. To evauate the
effectiveness of SNFP processes and facility operations, the WITNESS™ mode was used.
WITNESS™ is a discrete smulation software tool commonly used in the commercia industry to
determine cgpability, capacity, efficiency, and utilization of equipment, as well asto investigate
system queues, bottlenecks, and other parameters. This tool was applied to assess basdine
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changesin the overdl time to complete fud remova operations from both K-Basins. These latest
model runs reflect DOE' s desire to store dudge from fuel removal operationsin the T-Plant
ingtead of treating the dudge directly from IWTS vessd storage (Cleveland and Pgjunen, 2000).

The usefulness of thistype of model depends on the availahility of accurate operationd
data describing the characteristics of each subsystem (e.g., operator fuel sorting efficiency, IWTS
equipment availability, MCO processing times). Since these data are unavailable for the SNFP,
process times were modeled using probability distributions to describe the longest time, shortest
time, and median cycle time for each production activity. Review of these distributions showed
them to be reasonable, given information available & the time the modd was run.

The following conditions were goplied in the development of the project completion date
of August 31, 2004, for removal of dl SNF and dudge from the K-W and K-E Basins.

I Cycetimesreflect fiscal year 2000 operating estimates.

1 Sart of removd of fue from the K-E Basin begins 21 months after the sart of fud
removal from the K-W Basin. (Note: The project schedule now shows 25 months.)

The number of CVDF process bays will be reduced from three to two since concurrent
fud remova from both basinsis eiminated.

The number of MCOs to be sampled will be six.

SNF currently stored in the T-Plant will be removed, dried in the CVDF, and stored in
the CSB.

I Operations will be conducted 3 shifts/day, 7 days'week, as necessary.

Mode vulnerahilities were identified and include the potentia compromise of any of the
following assumptions.

1 Labor resources are unlimited, available whenever and wherever they are needed.

I The assumed operating efficiency of nonredundant subsystern componentsis
uniformly high, e.g., IWTS (70 percent), MHM (90 percent).

Project funding is unlimited.

Operdting requirements remain constant over the life of the project (e.g., safeguards
and security requirements and/or environmenta regulations do not change).

Once the project has refined the above assumptions and other model inputs based on
actual operationd experience, amore likely prediction of overal time to remove fuel from each
basin can be developed. This reassessment would provide a more redlistic estimate of DOE's
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ability to redize the following schedule commitments to the Board, contained in the
Implementation Plan for the Remediation of Nuclear Materials (Revision 3) (U.S. Department of
Energy, 2000), for Recommendation 94-1 (Defense Nuclear Facilities Safety Board, 1994).

Complete fuel removal from K-W Basin by December 31, 2002.
Begin fuel remova from K-E Basin by December 31, 2002.
Complete fud remova from K-E Basin by July 31, 2004.

Begin dudge remova from K-Basins by December 31, 2002.
Complete dudge remova from K-Basins by August 31, 2004.
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3. REVIEW OF DESIGN AND CONSTRUCTION PHASE ACTIVITIES

The Board' s staff reviewed the SNIFP design and condtruction activities, aswell asthe
project safety documentation, focusing on those structures, systems, and components affecting the
safe operation of the facilities. The Board' s saff aso evauated the technical safety requirements
and adminigtrative controls established to ensure safe operation and provide defense in depth.

3.1 PROJECT APPROACH TO HAZARD ANALYSISAND CONTROLS

The SNFP contractor performed a structured and systematic examination of the project
facilities and associated support structures and systems using stlandard industry techniques for
hazard evduation. This hazard anayssincludes identification of the hazards associated with the
project design, processes, and operations, addressing materid at risk that could have an adverse
effect on people or the environment and potentia energy sources that could contribute to the
uncontrolled release of that materid.

The radiological source term assumes that dl the fudl contains amix of isotopes
corresponding to the Mark IV fud discharged from the N-Reactor in February 1979, representing
a plutonium-240 (Pw*°) content of 16.72 percent (ratio of Pu*° to tota plutonium) and 6.9 metric
tons of uranium. Thisamount of uranium congtitutes only asmall fraction of the total of
gpproximately 2,100 metric tons currently being stored in the K-Basins. This assumption is very
conservative because concentrations of dose-sgnificant radionuclides from the worst 0.3 percent
of the fuel are used to represent the entire spent nuclear fuel (SNIF) inventory. The methodology
for caculating toxicologica releasesinvolves the release of SNF containing fisson products and
uranium, plutonium, and americium. The consequences from chemicaly hazardous materids are
adequatdly controlled by the controls impaosed to limit radiological releases. Hazardous
conditions are assessed to determine a qualitative frequency of occurrence ranging from
anticipated to beyond extremely unlikely. Potentia impacts on the hedlth and safety of the public
and workers and on the environment range from those having unacceptable consequences for the
off-gte public to those having no impact.

Intheinitid accident screening, dl hazardous conditions not having the potentid to
exceed the radiologica consequences identified in Table 3-1 were deemed to require no further
evauation. Thisis conggtent with gpplicable DOE guidance and is more conservative than
current commercia practice. For each hazard type (e.g., load drops, gaseous releases), the most
severe accident in terms of consequences and the highest-risk accident in terms of likelihood and
consequences were selected for andlyss. In some cases, the highest-risk and most severe
accidents coincide.

The objectives of these analyses were to (1) identify the necessary and sufficient SSCs
and Technicd Safety Requirements that would result in satisfying the release limit and eva uation
guiddlines, and (2) provide sufficient defensein depth. The radiologica rdease limits and
evauation limits and guiddines for the off-ste public and on-site workers (collocated workers

3-1



within 100 meters of the source) recommended by DOE Richland Operations Office (DOE-RL)
are summarized in Table 3-1. Safety-class SSCs were identified to prevent or mitigate releases to
the public that would otherwise exceed the off-ste radiologica limits or to prevent accidentd
criticaity. Safety-class SSCswere aso selected to meet the criteria of DOE Order 6430.1A,
General Design Criteria, Section 1300-3.2 (U.S. Department of Energy, 1989).

Table 3-1. Radiological Evaluation Limits and Guidelines

Event On-site Risk Evauation Off-site Accident
Frequency Frequency Range Guiddines (roentgen Release Limits
Category (per year ) equivaent man [rem])* (rem)*
Anticipated 102 to 10 1 0.5
Unlikdy 10“ to 102 10 5
Extremely " "

Unlikely 10°to 10 25 5

* All doses are cumulative effective dose equivaent.

Safety-ggnificant SSCs were selected to prevent or mitigate releases of radioactive
materias or toxic chemicalsto collocated on-site workers. These SSCsinclude barriers thet are
judged to contribute substantidly to defense in depth, independent of quantitative analyses.
Safety- sgnificant SSCs dso protect facility workers from serious injury resulting from hazards
not controlled by indtitutiona safety programs.

The SNFP approach to hazard analysis and controls is based on the methodology
recommended by DOE-STD 3009-94, Preparation Guide for U.S. Department of Energy
Nonreactor Nuclear Facility Safety Analysis Reports (U.S. Department of Energy, 1994). The
SNFP criteriafor system classfication are a'so congstent with evauation guidelines presented in
Appendix A to DOE-STD-3009-94 and accepted by the Board inits July 8, 1999 letter (Conway,
1999).

3.2 K-BASINS
3.2.1 Definition of Functions and Requirements
The primary safety functions of the K-Basins are to provide radiation shielding and to

remove heat generated by decay of the fisson products in the SNF while operations for cleaning,
packaging, and loading of SNF into shielded containers for transfer to the CVDF are conducted.
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The removal of fud from the K-Basins requires that the fud be properly packaged and
loaded into a transportation system. In this process, fud in existing canisters (14 eements per
caniger) ismoved to afud retrieva location within the basin. Thefud iscleaned usng a
tumbling action in a cleaning machine to remove dudge and corroson products. Clean fue
elements and fuel pieceslarger than 3 inchesin length are loaded into fud baskets. Normdly,
five or Six loaded fud baskets containing 270 or 288 fud dements, respectively, depending on
the type of fuel involved, are insarted into an MCO. Fuel debris (pieces larger than 1/4 inch and
smaller than 3 inchesin diameter) is placed into scrap baskets that are so loaded into an MCO in
place of afuel basket (see Section 3.3 below). The CLS (see Sections 2.2.1 and 3.2.3.3) isused to
load the fuel and scrap baskets into an MCO contained in atransfer cask submerged in the basin.
The loaded cask is then removed from the basin and placed on a trangport vehicle for movement
to the CVDF.

3.2.2 Analysisof Hazards

The Board' s g&ff notes that the extensive cleaning, handling, and repackaging of the SNF
resulted from DOE' s desire to reduce the volume and number of containers to be stored in the
CSB. Thereisdso alegitimate desire to segregate smal particulate matter, including broken
pieces of fue eements, from the other materid in an MCO. This gpproach enhances the ability
to dry the fud in the CVDF, and establishes more confidence in the ability to provide ultimate
disposd of the SNF in an approved high-level waste repository. The dudge and fud particles
removed by the IWTS need to be processed for ultimate disposal. A dudge treatment subproject
currently in progress as part of the SNFP is aimed at developing the best method for retrieval,
trangportation, and storage of this materia in the T-Plant facility. Ultimate processng and
disposal will be determined as part of aste-wide initiative for disposd of like materids.

The mogt sgnificant hazards in the K-Basins result from any of the following postulated
events.

Inedvertent criticality event.

Runaway thermd reaction of uranium with water, leading to airborne release of
radioactive materia and hydrogen.

Release of contaminated basin water to the environment, resulting in exposure of SNF
and dudge, leading to airborne release of radioactive materid.

3.2.2.1 Criticality Hazards

The limit on the effective multiplication factor (k) for operationsin the K-Basinsis 0.98
(and 0.95 for subsequent activitiesinvolving the MCO in the CVDF and the CSB). The Board's
daff congders these limits acceptable. All credible contingencies have been evauated and
gppropriate criticaity safety controls established. Designation of safety-class features to prevent
criticdity in the K-Basnsisdiscussed in Sections 3.2.3.1 and 3.2.3.2.
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In essentidly aAl of the criticdity events hypothesized, an assumption of multiple failures
IS necessary to reach ak,,; of 0.90t0 0.93. Sincedl but one of these cases were found to be
acceptable, with k,, below 0.95, the input assumptions were not challenged. For the excepted
case, a cask-drop accident, the k,; increased to 0.96. The contractor and DOE-RL considered
this value unredligtic because of the conservatism of the assumptionsin the andys's, including the
fallowing:

I The shipping cask breaches.

I The MCO breaches.

The breach of the MCO causes arelease of hydrogen that exceeds the lower
flammahility limit.

An ignition sourceis present.

The hydrogen ignitesin afire that requires the Hanford Fire Department to respond.

The geometry control of the Mark 1A basket center post and base plate fails.

All the fud collgpsesinto rubble.
I Thefud and scrgp rubbleis optimally spaced.
I Thereaulting array is fully moderated by an unspecified source of water.

Only when dl of these assumptions occur concurrently is the limiting value exceeded. If the
rubble contains only fud, the k,; is less than 0.95.

Despite the conservatism associated with the generic scenario involving inadvertent
criticality, akey dement affecting criticaity safety in K-Basin operations entails alarge number
of adminidrative controls. These controls are provided to ensure that mass limits on the contents
of various materiasin containers or baskets are not exceeded. Many of these activities, such as
Identification and weighing of various fissle materid types and loading of SNF dementsinto the
MCO baskets, demand the highest levels of performance by operating personnel. During an
August 22, 2000, video conference between the Board' s staff and representatives of both
DOE-RL and SNFP, criticality safety personnel indicated that they had provided adequate
training to operating personnd. The planned contractor Operationa Readiness Review will
ensure that the requirements from the Criticality Safety Evauations (CSES) are implemented in
appropriate procedures and that personnel are adequately trained. In addition, SNFP
representatives committed to the attendance of criticdity safety engineers at prejob briefings for
personnd from each operating shift and maintenance of an on-the-floor presence by criticdity
safety engineers to ensure that administrative procedures for criticality safety are followed.
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Los Alamos National Laboratory recently detected and corrected approximately 40 errors
in the maintenance of the Monte Carlo N-Particle (MCNP) code and devel oped arevised code,
identified as MCNPAC. Sincethe earlier version of this code was used to prepare numerous
SNFP CSEs, the Board' s staff suggested review of the revised code before commencing fuel
movement activities to confirm that the changes would have no significant effect on the K-Basin
CSEs. During adte visit completed by the Board' s staff on October 11-12, 2000, DOE-RL and
the contractor indicated that such areview had been completed with insgnificant effects on
criticdity margin. There were only minor differencesin ky; for anumber of casesusng
MNCP4B versus MNCPAC.

The staff notes that the Criticaity Safety Support Group (CSSG), established in
accordance with the Board' s Recommendation 97-2, Continuation of Criticality Safety (Defense
Nuclear Fecilities Safety Board, 1997), conducted an independent review of criticality safety for
the MCO in August 1999. The CSSG’s report concludes that the MCO and baskets are criticality
safe as designed and do not require further modification. The CSSG review was conducted prior
to the completion of a number of redlevant CSEs. All rdlevant CSEs have since been completed
and have been independently reviewed by an outside team, as wedll as by the Board' s staff. The
gaff concludes that the MCO criticdity analyssis adequate.

3.2.2.2 Hazardsfrom a Runaway Thermal Reaction

As metdlic uranium corrodes (oxidizes), it rdleases heat. Smdl fud piecesin the scrap
basket expose alarge surface area subject to corrosion, thereby increasing the potential for arise
in local water temperature and thus an increase in the corrogon rate. A rise in the temperature
aso increases the potentid for fuel cracking and crumbling, which in turn exposes new
unoxidized fud surfaces. If an adequate means of heat remova is not available, this process
becomes divergent, leading to rgpid corrosion of alarge quantity of fud and increasingly rapid
release of large amounts of heat. This scenario isreferred to as a runaway therma reaction.

The French have experienced ignition of bare, irradiated, uranium fud due to friction,
leading to rgpid oxidation and total consumption of bare uranium fud cylindersin cold weter.
Because the Primary Cleaning Machine (PCM) tumbles defective fud elements with areas of bare
uranium expaosed, the potentia may exist for ignition and rapid oxidation that could lead to a
runaway thermd reaction in the PCM. There has been no prior experience with the deliberate
tumbling of irradiated defective fuel dements. The contractor has reviewed the French
experience and has concluded that such areaction isincredible for N-Reactor fue in the basin
water at atemperature of 10° centigrade (C).

The knockout pot in the IWTS collects fine particles of uranium, cresting the possibility
of rgpid oxidation leading to a runaway therma reaction. The contractor analyzed this potentia
problem and took action to reduce the possibility of its occurrence by designing copper cooling
ribs on the interior of the knockout pot. With this extra cooling, the contractor has concluded that
arunaway thermd reaction in the knockout pot isincredible. The potentia for runaway therma
reactions aso exists when small pieces of fud are loaded into the scrap baskets, when baskets are

3-5



loaded into the MCO and until the water is removed from the MCO in the CVDF. The contractor
has andyzed these scenarios and judged them to be incredible.

A video conference was held on August 24, 2000, between the Board' s staff and SNFP
representatives to address the Board' s staff concerns with runaway thermal reections arising from
rapid uranium oxidation that might occur in the K-Basins and in the MCO prior to removd of
water. The Board's staff noted that athough the contractor’ s analytical caculations indicated
that runaway reactions were incredible, the modes used in these caculations had not been
verified by prototypica experiments or production experience and yield only andytica estimates.
In addition, the SNFP cleaning and drying operations include processes never before used on
damaged uranium fuel elements (see Section 3.3.2 for further discussion of hazards associated
with the MCO during its transport to the CVDF, thence to the CSB, and during interim storage).

The Board' s gaff noted that dthough exposures to the public and collocated workers as a
result of an unmitigated runaway thermal reaction within the K-W Basin were within guiddine
limits, thus diminating the requirement for safety-class or safety-sgnificant systems, it would be
prudent to identify defense-in-depth mitigative systems and procedures.  If arunaway thermd
reaction occurred, facility workers could receive very high doses, and work areas could be
ggnificantly contaminated, resulting in delays in this important risk reduction project. The
contractor and DOE-RL agreed to identify defense-in-depth design features and procedural
controls to prevent or mitigate potential runaway thermd reactions.

An issue report prepared by the staff and forwarded by aletter from the Board dated
September 20, 2000 (Conway, 2000) suggested several additiona design features and procedura
controls to prevent and mitigate runaway thermal resctions for evauation by the project. These
issues were resolved by the Board' s staff with representatives of DOE-RL and the contractor
during agte visit on October 11-12, 2000, as noted below.

K-Basn Fuel Removal Operation:

1 TheBoad s gaff had earlier identified aneed for increased control of loading in the
origina knockout pots, which have limited heet transfer capability. In response, as
gpproved by DOE-RL in July 2000, the design of the knockout pots has been changed
to include copper cooling surfaces. This change will improve heat conduction and
provide increased margin againgt arunaway reaction. Replacement pots will be
procured and ingtaled after initiation of fud remova operations. The knockout pots
currently ingtalled in the basin do not have copper cooling surfaces and are now
subject to aloading limit, which has been included in the appropriate operating
procedure.

The staff had also identified a need for K-Basin operators to recognize a potential
runaway thermd reaction and to take appropriate action to protect workers. The
contractor subsequently has identified three additiona stepsto protect workers during
K-W Basin operations. Firgt, formd familiarization of the K-W Basin operators has
been provided addressing the corrosion behavior of uranium metd, the French

3-6



experience, characterigtics of a hypothetical runaway thermd reaction; and prudent
mesasures to be taken to minimize risks. Second, additiona Continuous Air Monitor
darmswill be placed in work locations where potentid runaway therma reactions
could occur in order to give workers the earliest possible warning of a problem.
Finaly, an emergency action plan will be developed to address recovery of
operationsin the K-W Basin in the event that operations are suspended due to a
runaway therma reaction.

Transportation of the M CO/cask from the K-W Basin to the CVDF.

I The gaff identified a need for arequirement to measure the pressure of the
MCO/cask head space if the transfer from the K-Basins to the CVDF exceeds 24
hours, because excessive pressure could indicate the beginning of arunaway therma
reaction. The transportation procedure has been clarified and now requires the
MCOJcask head space pressure to be measured if the transit time exceeds 24 hours.
If excessive pressure is measured, corrective actions have been identified.

The staff aso identified a need for arequirement to measure the pressure of the
MCOJ/cask head space upon receipt at the CVDF, even if the trangit timeislessthan
24 hours, to verify that there has been no sgnificant increase in pressure. The
operating procedure now requires pressure to be measured upon receipt of the
MCOJ/cask. Corrective actions are required in the event excessive pressure is
messured.

3.2.2.3 Hazardsfrom Loss of Basin Water and Exposure of Fuel

The existing authorization basis for the K-Basins addresses the potential for release of
water to the soil and for uncovering of the fue and dudge, which could become airborne upon
drying out. Leakage from the basin islimited, and sources of makeup water have been identified.
The authorization basis includes ingtalation and maintenance of isolation barriers to separate the
main basin from a congtruction joint that is vulnerable to leskage. These isolation barriers were
ingalled in 1995 to satisfy a commitment in the Implementation Plan for Recommendation 94-1
(O'Leary, 1995) .

An additiona hazard in this areawas introduced as aresult of the SNFP modifications. A
drop of aloaded MCO ingde atransfer cask in the South Loadout Pit could result in Sgnificant
damage to the floor-to-wadl joint. This hazard was reviewed extensively based on classfication
of the basin walls and floor as safety-class structures, requiring that leakage from the basin be
limited. Thisissue has been addressed by operating controls and aleakage mitigation system (see
Section 3.2.3.3.).

3.2.3 ldentification of Hazard Controls
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3.2.3.1 Fuel Retrieval System

The FRS, described in Section 2.2.1, has alimited number of safety-class components.
The K-Basn Find Safety Andlyss Report (FSAR) designates four FRS SSCs as safety-class
equipment:

I PCM lower haf and support structure.

I Processtable support structure and MCO basket “go-no-go” gauges and bottom
plates.

I MCO basket queue.
1 Tether sysem for manipulator rail support structure.

The PCM support structure and attachment bolts are safety-class to ensure that the PCM
will not collapse or tip over because of aload drop or seismic event. The process table support
sructure ensures that the fuel contained in the MCO basket will not spill onto other fud,
potentidly causing acriticdity. The MCO basket queue is dso designed to prevent the fuel in the
MCO baskets from spilling out. The manipulator rail support structure is tethered to prevent it
from fdling into the basin if the support structure should fail because of overstress resulting from
adesign basis earthquake.

In the enclosure to a letter dated July 8, 1999 (Conway, 1999), the Board' s staff addressed
adesgn falureinvolving the PCM. The PCM deans the SNIF by mechanicd agitation and a
water wash before the SN is sorted and loaded into fuel and scrap baskets. The central part of
the PCM is agtainless sted screen drum that is split axidly into two haves. The drum is oriented
horizontally and rotates about its axis, causing atumbling action for the SN canister |oaded
indde. Fallures occurred in the split-shaft design during factory acceptance teting. The origind
design requirements dictated that operators be able to lift either haf of the drum from the PCM
base to empty and remove the canister in either the upright or the inverted position. The tested
design failed as aresult of excessive wear and gdling of the bearing surfaces. The Board' s Saff
questioned the qudlity of the origind design effort and the level of independent review. An
independent team was subsequently assembled to andyze the origind design and recommend
modifications that would resolve the problem. The team reviewed the origind design and
developed a modified split-bearing design, which was ingtaled and tested successfully.

3.2.3.2 Integrated Water Treatment System

The IWTS, described in Section 2.2.1, has the following safety-related components:

Inlet Srainer screen for the dudge pumping system.
Knockout pots.

Knockout pot screens.
Knockout pot lifting hook.
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1 Particulate settler vessdls.
I Annular filter vesdls.

Theinlet srainer screen for the dudge pumping system prevents particles greater than
Yainch from entering the IWTS, thereby preventing inadvertent criticaity in the knockout pot.

The knockout pot is designed to limit the volume and geometry of SNF to (1) prevent
inadvertent criticality, and (2) provide sufficient assurance that after aload drop or seismic event,
SNF will remain contained within the pot. The knockout pot screen is designed to prevent
inadvertent criticaity in downsiream vessals by limiting the particle sizes cgpable of passng
through the screen (#500 microns nomina). A project study determined that an inggnificant
amount of screen erosion is expected during the limited operationd life of each knockout pot.
The knockout pot lifting hook limits the drop height to ensure that knockout pots will contain fuel
during and after an inadvertent drop.

Particulate settler vessd's are dso designed to limit the volume and geometry of SNIF,
thereby preventing inadvertent criticdity by controlling vessel dimensons. The annular filter
vesds prevent criticality as wdll, by limiting the SNF volume and controlling its geometry.
These vessdls have a tank-in-tank design, with the inner tank normaly being empty. The annular
gpace between the tanks contains gpproximately 90 cubic feet of sand/garnet filter medium.

All vessels within the IWTS represent passive safety features and therefore have no
asociated Technicd Safety Requirements (TSRS). Each vessdl was designed and congtructed in
accordance with the American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vess Code (BPVC), Section VIII (American Society of Mechanical Engineers, 1998). The
knockout pot screens and the inlet strainer screen for the dudge pumping system were built to
ASME B31.1, Power Piping Code.

3.2.3.3 Cask Loadout System

As noted earlier, it was determined in early 1999 that a postulated drop of aloaded MCO
transfer cask could cause failure of the wall-to-floor joint of the South Loadout Fit. The basin
floor and wdlls are designated as safety-class structures. Use of the origind design could have
resulted in excessive basin leakage had a cask drop of more than 1 foot occurred. Redesign of the
origina CLS was proposed to addressthisissue. Alternative loadout systems were aso reviewed.
At that time, the Board's staff urged DOE-RL to provide adequate judtification for diminating
severd of the dternatives to the original design gpproach and to place more emphasis on
prevention of the postulated cask drop. DOE-RL decided to require the design of a new support
Sructure incorporating anesting pall to provide hydraulic damping, thus limiting the floor
impact.

The Board' s g&ff reviewed the proposed redesign of the CLS to dissipate the energy from
acask drop and limit the impact on the floor. Review comments were provided in an issue report
(Grover, Wille, 1999) forwarded by aletter from the Board dated July 8, 1999
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(Conway, 1999). Asaresult of thisletter and continued design evauations, the contractor
revised the design to diminate the impact on the floor and the potentia for damage to the floor-
to-wadl joint.

In aletter to DOE-RL dated July 29, 1999 (Williams, 1999), the contractor recommended
returning to the origind CL S design instead of proceeding with the proposed new design. DOE-
RL accepted this recommendation and noted that the project would (1) obtain and implement
guidance from the Navy Crane Center on minimizing the probability of a cask drop; (2) obtain
and pre-stage sedlant injection equipment to mitigate potentid basin legksin the unlikely event of
adrop; (3) develop procedures for and train personnel in use of that equipment; and (4) indal a
maximum-thickness crushable pad below the CLS in the South Loadout Pit.

In light of the potentid for a cask drop accident, the Board' s staff urged that the project
evaluate risk-reduction methods, especidly after the decison was made to take a risk-based
gpproach by using the origind CLS design for both basins. Emphasizing the prevention of a cask
drop, the Board' s staff performed a comprehensive review of the MCO transfer cask handling
system. The K-W Basin has atransfer bay crane to be used for cask handling. The craneis rated
at 32 tons and load tested at 40 tons (125 percent of rated). The weight of the loaded MCO
transfer cask is caculated to be gpproximately 29.5 tons, hence the crane will have adequate
margin for cask handling operations. Because of the high number (~800) of lifts a near capacity,
however, the staff gave specid attention to each of the crane' s safety features.

As part of the upgrade to the current rated capacity of 32 tons, numerous safety features
were incorporated. These features included an additional set of hoist brakes, misreeving
protection, load cdlls, and a second independent set of upper limit switches aimed at reducing
wire rope failures (which account for most dropped loads). However, human errors are
responsible for nearly dl of the initiating events leading to wire rope failures and other causes of
dropped loads. Therefore, the Board' s staff urged an assessment of proposed controls for
operation and maintenance of the cranes, including provisions for crane ingpection and operator
traning.

The Navy Crane Center conducted an assessment of hoisting and rigging for the SNFP
during the week of May 22, 2000. Center representatives stated that they consider the K-W Basin
32-ton bridge crane safe, but noted several deficiencies that could affect reliable service during
criticd lifts. The project developed a plan to implement the recommendations. However, the
Board's gaff congdered the implementation to be untimely, since the planned Operationa
Readiness Review (ORR) lifting demongtrations with aloaded dummy MCO/cask represented a
risk of awall-to-floor joint failure equa to that posed by the post-ORR lifts of an MCO/cask
loaded with radioactive fud. The following issues were identified in a Board letter (Conway,

2000) and were resolved by the Board' s saff with the project during asite visit on October
11-12, 2000:

1 TheBoad s aff identified a need to retest the 32-ton crane in the K-W Basinto its
rated capacity. A load test of this crane had been performed in November 1999,
when repairs were made to the main hoist dectric brake. Thisload test was done
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using 24 tons, which is only gpproximately 80 percent of the weight of aloaded
MCO/cask. The K-W Basin 32-ton bridge crane was subsequently load tested at its
rated capacity of 32 tons, following upgrades of the programmable logic controller.

1 Thedaff dso identified a need to provide timely exercise of the same crane, which
had a higtory of dectrica faults and trips snce it was redesigned. Following the
upgrades and load test discussed above, the K-W Basin 32-ton bridge crane was
extendvey exercised to verify rdiability.

The gtaff identified a need to demondrate the ability to sedl basin lesks prior to lifting
aloaded dummy MCO/Cask in the K-W Basin. The sedant injection equipment
designed to mitigate potentia basin leasks in the unlikely event of a cask drop,
including appropriate procedures, training, and drillsin the use of that equipment was
scheduled for completion prior to the start of production operations. A drill
demondtrating the use of the sedlant injection system was conducted prior to the ORR
lifting demondtration.

3.2.34 Electrical and Instrumentation and Control Systems

The K-Basn Safety Andysis Report (SAR) classifies the ectricd and instrumentation
and control systems as non-safety-related and describes the dectrica distribution system for both
the K-E and K-W Basins. Three-phase power is supplied from acommercia source at 230
kilovalts (kV) ddivered to aradia distribution system. A transformer steps down the voltage to
13.8 kV & the on-site substation, and a bus cross-tie connects the K-E and K-W Basins. Voltage
is further reduced as necessary at the K-Basinsfor 4,160 volt (V) and 480 V distribution.

The system is designed with protective relaying for the 13.8 kV and 480 V dectrica
digtribution systems. The 480V system is dso protected by solid-gate trips. Motor control
center loads are protected individually by molded-case circuit bregkers. Single-phase digtribution
of 120V isdso available vialighting panels. The 125 V, direct current power system used for
switchgear controls conssts of 60 lead-acid cells and a charger.

Comprehensive short-circuit, voltage profile, and coordination studies are essentia to
safeguard personnd and maintain a safe and reliable power syslem. These studies should be
performed in accordance with gppropriate Ingtitute of Electrica and Electronics Engineers (IEEE)
standards.! According to the K-Basin design requirements document, electrica system
components must be coordinated for short-circuit capability, interrupting duty and capability,
insulation levels, protective relaying, religbility, interchangesbility, transformer and line voltage
drop, stability under norma conditions, and restart upon power dips and outages. The Board's
gtaff confirmed that these ca culations and studies have been performed.

1 |IEEE-141, |EEE Recommended Practice for Electrical Power Distribution for Industrial Plants, and
|EEE-242, | EEE Recommended Practice for Protection and Coordination of Industrial and Commercial Power
Systems.
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In the enclosure (Gwal, 1998) to a letter dated February 25, 1998 (Conway, 1998), the
Board's s&ff noted that existing battery rooms at the K-Basins did not comply with applicable
codes and standards relating to battery room ventilation systems? These rooms had no detection
sysemsfor loss of exhaust ventilation. During atour of one of the battery rooms, the staff
observed a broken belt on an exhaust fan motor, leading to loss of exhaust ventilation. Under
these conditions, an explosion could result if accumulated hydrogen concentration exceeded the 4
percent lower flammakility limit and came in contact with an eectrical spark from bettery cabling
or connections. To resolve thisissue, an in-operation annunciator was ingtdled, and surveillance
requirements were established to dert the shift operator in the event of aloss of battery room
ventilaion.

In the enclosure to the same February 1998 letter from the Board, the staff addressed the
issue of the cdibration of the dectrica switchgear protective rdaysin the K-W Basin facility.
The Board' s s&ff identified a need to verify the adequacy of these cdibrationsin an issue report
forwarded by aletter from the Board (Conway, 2000). The issues, which are related to electrical
switchgear at severa voltage levels, were resolved by the Board' s saff with the project during a
ste vigt on October 11-12, 2000, asfollows:

I Theorigind issueidentified by the staff concerned 480V circuit bregkers. The solid-
state overload relays protecting three 480V circuit breakers were modified and
recaibrated during ingtdlation of new systems completed in November 1999,
Cdibration of the remaining nine solid-gtate relays serving this function is scheduled
to be checked in late 2000 and early 2001.

The Board's staff had also raised the issue of maintaining current calibration of

4,160V protection relays. SNFP representatives stated that about half of the
approximately 60 relays in this category have been checked for calibration and
recdibrated, asrequired. Cdlibration checks on the remainder are being conducted on
acontingency bass. The Board' s staff finds this approach acceptable.

During the October 2000 site vigit cited above, the Board' s staff questioned the status
of calibration of protection relays for the 13.8 KV dectrica system. SNFP
representatives determined that the contractor responsible for maintenance of this
switchgear has completed cdibration of these relays and thet their cdibrationis
current.

3.2.3.5 FireProtection

2 American National Standards Institute (ANSI) C2, National Electrical Safety Code; National Fire
Protection Association (NFPA)-70, National Electrical Code; and |EEE Std 450-1995, | EEE Recommended Practice
for Maintenance, Testing, and Replacement of Vented Lead-Acid Batteries for Stationary Applications
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The K-Basin fire protection system consists of radio fire darm reporting boxes, fire darm
control pands, and awater supply system for each of the sprinkler systems. Fire protection
systems are required primarily for property protection in the K-Basin area. Combustible controls
limit permitted quantities of combustibles, as well as separation distances from structura
elements. Thereisalocd fire protection program, as well as a mature, well-documented site-
wide program. The fire hazard andysis (FHA) pertaining to the K-Basins meets the requirements
of DOE Order 5480.7A, Fire Protection, (U.S. Department of Energy, 1993).

3.3 MULTI-CANISTER OVERPACK
3.3.1 Definition of Functions and Requirements

The safety function of the MCO is to provide containment of the SNIF during
dabilization and storage operations. A rupture disc in the shidd plug assembly limits internd
MCO pressure during processing. After processing, welding of the cover assembly to the MCO,
which is done in the CSB, encloses the rupture disk and access ports, providing atotaly welded,
sedled container.

Pressurization of the MCO above design pressure during interim storage could lead to
failure of the containment boundary and release of radioactive materia. Potentia sources of
pressurization in the MCO during storage are the production of helium from apha decay, noble
gases resulting from the fission process, and radiolysis of water. After drying in the CVDF,
essentidly dl the free water has been removed from the MCO. Thisis confirmed by a pressure
rebound test in which the MCO isisolated after it has been evacuated, and the rate of pressurerise
ismeasured. Any remaining free water in the MCO would cause the pressure to rise to the
equilibrium pressure a the MCO temperature. Absence of a Significant pressure rise confirms
that essentidly dl the free water has been removed. Because the contributions from helium and
fisson gases aretrivid, radiolyss of water of hydration isthe only remaining pressurization
process of concern.

Water of hydration in the dudge and oxide films on the fud dementsis not removed by
the drying process. Much higher temperatures are required to decompose such chemically bound
water. The amount of hydrated water in an MCO is estimated from the amount of Judge and
adherent oxides on the fud surfaces.

The project FSAR indicates that the expected MCO pressure during interim storage will
be lessthan 16 ps(g). Using extremely conservative bounding values for dudge and adherent
oxides gives a safety case bounding pressure of about 62 psi(g), dl from released hydrogen
(assuming that the released oxygen is absorbed by the bare uranium fud).

The cover assembly isnot in place during processing in the CVDF. During thistime, a

150 psi(g) rupture disk in the shield plug protects the MCO from overpressurization. On the basis
of the bounding anadlysis and to provide additiona safety margin, the design pressure of the MCO
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with its welded cover assembly in place was set afactor of three above the pressure at which the
rupture disc is designed to fail (i.e., at 450 ps[q]).

The Board' s staff concurs with the dud design pressure for the MCO and agrees that the
pressure increase will likely be less than thet of the bounding andysis.

3.3.2 Analysisof Hazards

As described in the MCO Topica Report, upset events can occur at various MCO
processing stages: (1) in the K-Bagins, (2) during transport from the K-Basins to the CVDF, (3)
during dewatering and drying in the CVDF, (4) during trangport from the CVDF to the CSB, (5)
during processing in the CSB, and (6) during interim storage in the CSB. Potentid hazards at
each of these stages are discussed below. Because its functions are to contain the spent fuel and
to prevent arelease of radioactive materid to the environment, the MCO is designated as safety-
class.

3.3.2.1 Hazardsin K-Basns

The mogt sgnificant hazard associated with the MCO whileit isin the K-Basin isthat of a
runaway therma reaction. To guard againgt such areaction, the scrap baskets were modified to
have radia copper ribs to enhance cooling. Therma analyses showed that the modified scrap
baskets have adequate margin againgt arunaway therma reaction, and the event has been
determined to be incredible (i.e., it has a probability of occurrence of lessthan 1in 10°).
However, as a defense-in-depth feature, operator training and administrative controls will address
runaway thermal reactions and appropriate operator response (see Section 3.2.2.2).

3.3.2.2 Hazards During Transport from K-Basinsto CVDF

During transport to the CVDF, the MCO isin the shidlded transfer cask. The MCO is
vented to the interior of the cask, and the cask is sedled. Analysis of the potentia for pressure
buildup in the cask due to oxidation of the fud showed that if the shipment were completed in
less than 24 hours, no significant pressure buildup would occur. This andyss has not been
verified by prototypica experiments or production experience. If thereis no indication of
buildup of gas from fud oxidation before the shidd plug isingdled, it is reasonable to conclude
that no extensve oxidation has taken place and that arunaway thermd reaction is unlikely to
occur during the 24-hour transportation period (see Section 3.2.2.2).

The contractor’s SAR indicates that if the transfer of the MCO to the CVDF is not
completed within the specified 24-hour period, the MCO transfer cask should be vented to
prevent any possible buildup of internd pressure. Asthe most likely source of anincreasein
interna cask pressure is heating of the fue from its oxidation, and as no limits are set on either an
acceptable pressure increase or the time period during which venting of the MCO transfer cask
will be permitted, thereisthe possibility of arunaway thermd reaction during the venting period.
As a defense-in-depth feature, operator training and administrative controls will address the
potential for runaway thermal reactions and appropriate operator response (see Section 3.2.2.2).
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3.3.2.3 Hazards During Dewatering and Drying in CVDF

The purpose of the CVDF operationsis to remove the bulk water from the MCO, dry the
fud, refill the MCO with helium, and sedl it. After the loaded MCO transfer cask arives a the
CVDF and before the cask lid is removed, the cask head space is vented (primarily for release of
hydrogen). The cask is heated to 50°C to heet the fudl, then pressurized with helium to remove
bulk water through the center dip tube, which extends to the bottom of the MCO. Vacuum drying
of the hested SNF removes remaining free water from the MCO, minimizing the possibility of a
runaway thermd reection.

During a video conference on August 24, 2000, between the Board' s staff and
representatives of DOE-RL and the contractor, the staff was informed that internal pressure
would be checked upon the cask’ s arrivd a the CVDF, regardless of how long it had beenin
trangit, to ensure that no significant increase in pressure had occurred. In the event of a
ggnificant pressure increase, which could indicate an incipient runaway thermd reaction,
preventive or mitigative procedures would be followed. This defense-in-depth feature will
include operator training and administrative controls to address gppropriate operator response
(see Section 3.2.2.2).

3.3.24 HazardsDuring Transport from CVDF to CSB

Once the fud has been dried, the MCO is backfilled with helium and seded. The water in
the annulus between the MCO and the cask is removed, the annulus is backfilled with helium, and
the MCO transfer cask ismoved to the CSB. An adminidrative limit requires transport from the
CVDF to the CSB within 135 days to avoid flammable gas buildup in the cask annulus, as
described in the MCO Topica Report.

During transport to the CSB, the MCO is contained within and protected by the transfer
cask, which is designed to withstand postulated accidents while in trangt. This aspect of on-ste
trangportation of the spent nuclear fud is discussed in Section 3.4.

3.3.2.5 Hazards During Operationsin CSB

Upon arriva at the CSB, the MCO transfer cask is moved into a service areawhere the
pressure under the cask shidld plug is checked. If the pressure has not increased, the cask shield
plug isremoved. The MCO is then removed from the cask using the MCO Handling Machine
(MHM) and transferred to the CSB weld/test station, where pressure within the MCO is
measured. If no significant increase inthe MCO'sinterna pressure has occurred, the cover
assembly iswelded on the MCO. Theresult is atotaly welded container, which isthen placed in
adorage tube for interim storage. Initidly, sx MCOswill be placed in interim storage in sorage
tubes without awelded cover assembly, for up to 2 years. Periodicaly during this survelllance
period, the internal MCO pressure will be measured and the gas composition analyzed.

The following five mgor design bas's accidents associated with operationsin the CSB
were evaluated by the contractor:
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Mechanica damageto an MCO.

Gaseous release from an MCO.

Interna hydrogen deflagration in an MCO.
Externd hydrogen deflagration.

Runaway thermd reactionsingde the MCO.

M echanical Damage to an MCO. An MCO or the cask-MCO combination could be
mechanicaly damaged, resulting in a breach of the MCO. Such damage is postulated to result
from adrop of the MCO, shearing of the MCO by the MHM, or other unspecified cause leading
to a breach of the MCO.

A review of the lift and transfer paths for aloaded MCO transfer cask for al spent fudl
operations determined that a cask drop in the CSB would produce the greatest acceleration. This
bounding case, which could occur during movement of the cask from the cask trailer to the
receiving pit, involves a 40-inch drop onto 5-foot-thick reinforced concrete that has a
compressive strength of 9,000 pounds per square inch. Evaduation of this accident by the project
indicates thet criticality control and confinement design festures remain intect.

Gaseous Release from an MCO. Gaseous releases from an MCO are postulated to arise
from ether overpressurization or leskage. The first condition involves the overpressurization
(and subsequent breach) of an MCO by the inert gas system during reinerting of a monitored
MCO after sampling. The second postulated condition involves arelease of radioactive materia
from an MCO due to alesk caused by equipment associated with gas sampling or human error
during sampling operations while an MCO is located at the sampling/weld sation. MCOs arrive
at the CSB in a pressurized condition because of hedium backfilling operations performed &t the
CVDF (see Section 3.3.2.4).

MCO Internal Hydrogen Deflagration. Theinterna deflagration scenario postulates
the ignition and burning of a hydrogen-oxygen mixture ingde an MCO. In one scenario, oxygen
is assumed to be introduced into the MCO when purge gas contaminated with oxygen is used to
inert the MCO after sampling.

External Hydrogen Deflagration. An externa hydrogen deflagration is postulated to
occur outsde an MCO. One such scenario involves the release of hydrogen from an MCO into
the sample hood and exhaust system.  After mixing with ar, the hydrogen ignites and burns.

Runaway Thermal ReactionsInsdean MCO. Two beyond-design-basis scenarios
were postulated for thisaccident. The firgt involves the reaction of water with uranium fue and
uranium hydride, and includes the assumption that an MCO remains in the sampling/weld station
for 40 days without active cooling. The second involves the reaction of oxygen with uranium fud
and uranium hydride, and includes the assumption that an MCO is inadvertently filled with
oxygen at the sampling/weld station. The MCO temperature increases in both scenarios, but in
neither does the breach of an MCO occur (see Section 3.3.1).

3.3.2.6 HazardsDuring Interim Fued Storagein CSB
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The dominant hazard to the MCO during interim storage is the loss of passive coaling,
leading to possible violation of design temperature criteria (see Sections 3.6.2 and 3.6.3.2).

3.3.3 ldentification of Hazard Controls

Because it isintended to provide containment during transportation and interim storage of
the SNF, the MCO must be robust and reliable. The MCO was origindly designed to
requirements that essentialy corresponded to those of the ASME BPVC, Section VIII (American
Society of Mechanica Engineers, 1998). Reviews conducted by the Board' s staff reveded that
many sgnificant design requirements were missing (Wille, 1998). Following numerous
discussons involving the Board, its staff, DOE-RL, and the contractor, DOE-RL directed that the
MCO be designed to the ASME BPVC, Section I11, Divison 1 (American Society of Mechanical
Engineers, 1998), thus meeting the same requirements imposed on nuclear reactor pressure
vessds Consgtent with the Board' s urging during asite vigt in August 1998, DOE-RL dso
decided that the MCOs would be code-stamped to provide enhanced quality assurance and to
avoid future reassessments of the integrity of the MCOs. This set of requirements provides the
highest design quaity and highest manufacturing quality assurance available for pressure vessals
manufactured by a commercid vendor. MCOs designed and manufactured to these requirements
have been determined by DOE' s Office of Civilian Radioactive Waste Management to be
acceptable containers for disposa at the proposed radioactive waste repository at Y ucca
Mountain, Nevada.

The procurement contract was placed with a BPV C-certified vendor (Joseph Oat Co.) with
a 30-year record of on-time ddivery of many nuclear-grade BPV C components. In addition to
the Authorized Nuclear Inspector required for code-stamped components, the SNFP contractor
assigned afull time on-site ingpector in the fabricator’ s shop to ingpect the MCOs as the
fabrication progressed. This combination of identifying the proper requirements, using a certified
vendor, and providing on-site ingpection at the fabricator’ s shop is resulting in on-time ddlivery
of high-quaity MCOs.

As noted in Section 3.3.2.4 above, the MCO is dried, backfilled with helium, and
mechanically sedled, usng a gasket, in the CVDF before it is trangported to the CSB. A
mechanically sealed and gasketed container does not meet the requirements of the ASME BPVC
for storage of irradiated nuclear reactor fuel. To meet those requirements for the MCO, a 304L
danless sed cover assembly iswelded to the top of the MCO, using a full-penetration field
weld, thus providing a completely welded container. Because of the configuration and contents
of aloaded MCO, thisweld cannot be inspected radiographically to meet BPV C requirements.
However, the ASME Boiler and Pressure Vessel Committee approved Code Case N-595,
alowing dye penetrant ingpection and lesk rate testing as a subdtitute for radiography. This
dternative approach will be used to confirm the integrity of the cover assembly weld.

To facilitate handling of the MCO, the exterior of the cover assembly is machined to have
the same configuration as the locking ring (see Figure 2-4). The cover assembly has one
mechanically seded penetration that is digned over aport on the shield plug to dlow gas
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sampling of the atmosphere within the cover, aswell asto permit access for operation of the
shield plug port. The penetration is covered with a plate welded to the cover assembly.

During loading of MCOs in the K-Basins, records are kept of the condition of the fuel
loaded into each MCO. From thisinformation, as noted earlier, sx sample MCOs representing
worst-case conditions will be sdlected for a gpecid monitoring program during their interim
storage in the CSB. Under this program, pressure and temperature in these sample MCOs will be
monitored continualy, and andyses of the interior gas will be conducted quarterly for a
2-year period. Although this monitoring program is not part of the SNFP safety bas's, these data
will be used to confirm the prediction that no significant pressure buildup occurs during interim
storage.

Although increasesin MCO pressure during interim storage are not expected to be large,
the Board' s saff urged DOE-RL to provide an indication of the pressure buildup. For long-term
monitoring, the contractor will include a pressure device in each MCO cover assembly to sense
pressure under the cover. The device will employ magnetic coupling to transmit asignd from the
pressure sensor inside the MCO to a readout device mounted on top of the cover, providing a
grossindication of interna pressure before the MCO is handled. During an August 24, 2000,
video conference, the contractor displayed the pressure sensor and readout gauge to be used.
These devices will befied ingtdled in each cover assembly by the SNFP contractor.

3.4 ON-SITE TRANSPORTATION OF SPENT NUCLEAR FUEL
3.4.1 Definition of Functions and Requirements

The primary safety functions of the Cask Transportation System (CTS) areto provide
shidding from radiation emitted by the highly radioactive fud dementsingde aloaded MCO,
and to provide protection and containment of the MCO during on-Ste movements. The system
conssts of ashidlded MCO transfer cask and a tractor-trailer transporter capable of moving
MCOs safdly between facilities, and of serving as atemporary storage and handling device for
MCOs during dewatering activities conducted at the CVDF (see Section 2.2.3). The functiona
requirements are leaktightness and sufficient physical strength to absorb energy and withstand
drop loads and seismic forces.

The Safety Andysis Report for Packaging (SARP) provides a description of the MCO
transfer cask and its operation as wdl as an andyss of the risks involved during normal
trangportation and accident conditions. As noted in the SARP, the design and structura analyses
of the confinement boundary in the MCO transfer cask follow the criteria of the ASME BPVC
(Section 111, Subsection NB, Class 1). However, the cask is not code-stamped, in contrast to the
code stamping of the MCO. (The MCO code stamp is necessary because of the MCO's use for
interim storage in the CSB and ultimately for disposal in ahigh-level waste repository).

The DOE-RL Safety Evaluation Report (SER) for the SARP notes thet, as documented in
the SARP, the MCO cask failsto meet dl of the requirements of Title 10 of the Code of Federd
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Regulations (CFR), Part 71, Packaging and Transportation of Radioactive Material (Nationa
Archives and Records Administration, 1999), for off-gte shipments, however, the SER further
dtates that meeting such requirements is neither required nor necessary. The SER concludes that
on-dte shipments using the CTS present acceptable levels of risk. The Board's staff believes that
the associated functions and requirements identified in the DOE-RL SER should be sufficient,
recognizing the dedicated and restricted on-site use of the CTS, with robust MCOs.

3.4.2 Analyssof Hazards
3.4.2.1 Criticality Hazards

Evduation of the risk of inadvertent criticdity during trangport of the loaded MCO
transfer cask is provided in HNF-SD-SNF-CSER-010, Rev. 1B, Criticality Safety Evaluation
Report for Storage and Removal of Spent Nuclear Fuel from K Basin (Kesser, 2000). The
principa performance requirement for prevention of criticality under these conditionsisto
maintain kg at less than 0.95, as required by DOE’ s “ nuclear safety equivalency” (comparable to
Nuclear Regulatory Commission [NRC] requirements). The andyss shows that shipments of
Mark 1A and Mark IV MCOswill remain subcritical for al normd transfer conditions and for all
credible accident conditions. The most severe hypothetica accident andyzed involves adrop of a
flooded MCO loaded with 12 long-length (26 inches) Mark |A fudl assembliesin asingle Mark
IV MCO, causing the fuel to be broken into optimaly sized and spaced rubble. Thisaccident is
considered incredible.

3.4.2.2 Release of Radioactive M aterial

The CTS will be used to make about 400 shipments of loaded MCOs from the K-Basinsto
the CSB, with an intermediate stop at the CVDF for drying of the SNF. Thiscampaignis
expected to take approximately 4.5 years. The hazard associated with this transportation is the
potentia release of radioactivity from the MCO during norma trangportation and accident
conditions. Although the MCO provides a containment barrier, the accident evauations in the
SARP take credit only for the MCO transfer cask. The SARP classifies the cask body and cask
closure as critical dementsin preventing the release of radioactivity. Both the K-Basin and CSB
FSARsist the MCO transfer cask as safety-class equipment designed to protect the MCO from
damage caused by load impacts, drops, or seismic events and to prevent accidenta releases.

The MCO transfer cask design must meet externd release rate requirements with a
containment system that satisfies the leaktight criterion of ANSI N14.5, Leakage Tests on
Packages for Shipment (American National Standards Indtitute, 1997), leaktight criterion (leakage
rate of lessthan 10”7 standard cubic centimeters per second). Leaktightnessis proven when the
cask containment boundary is shown to meet ASME BPVC, Section Il (American Society of
Mechanica Engineers, 1998), Service Levd A dress dlowable during al normd transfer
conditions.

The conditions to be evauated for accident scenarios are pressurization of the cask and
MCO and the performance of the cask and cask sed during postulated drop, puncture, and fire
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conditions. The impact accident is smulated by afree drop of 9.0 meters (30 feet) of the dry
package or afree drop of 6.4 meters (21 feet) of the water-filled package onto atypica Hanford
Site concrete surface. The puncture is a 1-meter free drop of the package onto amild stedl bar 15
centimeters (6 inches) in diameter. The thermd accident is Smulated by exposure of the package
to a6-minute, 800°C (1475° Fahrenheit [F]) engulfing fire during transfer from the CVDF to the
CSB, followed by a quench.

3.4.3 |dentification of Hazard Controls

The CTS s used to trangport the SNF about 0.5 mile from the K-Basins to the CVDF and
then about 8 milesto the CSB. The CTS uses five MCO transfer casks and five dedicated semi-
trallers. The MCO is postioned ingde the cask before being loaded with SNF and remainsin the
cask until being removed for storage in the CSB. The loaded MCO transfer cask ismoved on a
dedicated semi-trailer attached to a standard tractor. The trailer provides the necessary supports
and atachment points for securing the cask in the vertica orientation.

Each transfer cask conggts of aforged stainless stedl cylinder with nomind 7-inch-thick
walls. Each cask is 170 inches long, with a 6-inch-thick welded stainless sted bottom head. The
cask lid isgtainless gted forging varying in thickness from 3.5 inches a the center to 3 inches at
the edges. A containment boundary between the cask body and lid is formed by a butyl rubber O-
ring face sedl, located on the interface surface between the flange on the closure lid and the cask
shdl.

The MCO transfer cask is designed and fabricated to meet the leaktight criteria of ANSI
N14.5 Leakage Tests on Packages for Shipment (American National Standards Ingtitute, 1997),
and maintain containment of the SNF through normd transfer and accident conditions at the
Hanford Site. The cask closure lid uses the butyl rubber O-ring face sed to maintain
lesktightness (107 standard cubic centimeters per second). There are three penetrations into the
cask for two vent ports and adrain port. Thelarger vent port and the drain port are quick-
disconnect couplings attached to coupling adapters, which are recessed from the exterior of the
cask. These couplings are not considered to be containment boundaries. Leaktight containment
for these portsis provided by cover plates and butyl rubber O-ring face sedls.

The MCO trandfer cask package must satisfy external release rate requirements for
defined accident conditions. The dructura anadyses summarized in the SARP demondtrate that
both the MCO transfer cask and the MCO itsdf satisfy ASME BPVC, Section |11 (American
Society of Mechanical Engineers, 1998), Service Level D sress alowable during al accident
conditions. Proper squeeze during accident conditions is also maintained on the cask lid sedl by
the cask lid flange bolts (squeeze is defined as the percent reduction in the cross-sectiona
diameter of the O-ring due to compression).

3.5 COLD VACUUM DRYING FACILITY

3.5.1 Definition of Functions and Requirements
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The primary safety functions of the CVDF are to remove basin water from the MCO while
maintaining the integrity of the containment boundary and preventing runaway thermd reections
due to rapid oxidation of the fud.

As noted earlier, cold vacuum drying activities involve removing bulk water from the
MCO, drying the fud, backfilling the MCO with hdium, and sedling it. When the MCO trandfer
cask arrives a the CVDF, the pressure within the transfer cask is measured to determine whether
adgnificant pressure increase has occurred. 1n the event such an increase in pressure is detected,
alikdy causeisarisein interna cask temperature resulting from rapid fuel oxidetion. These
conditions could indicate the early stages of arunaway thermd reaction (see
Section 3.2.2.2).

If there is no evidence of such a pressure increase, the cask is vented. Because the MCO
IS vented to the cask interior, this venting aso vents the MCO head space. After the cask and
MCO head space are vented, the cask is backfilled with helium, and the cask shield cover is
removed to permit processing of the MCO.

Processing of the MCO requires that a helium atmosphere be maintained inside the MCO
and that its temperature be controlled. A vacuum system is needed to remove remaining free
water from the MCO. Thiswater from the K-Basinsis handled as radioactive fluid that may
contain fud particles.

Potentia releases of hydrogen and radioactive gases from the MCO need to be controlled
and released in asafe manner. Because of the potentid to release radioactive materid, the CVDF
ventilation system needs to provide positive flow from aress of lesser contamination into aress of
higher contamination. On the basis of accident analyses and an issue report prepared by the
Board' s gaff (Gwal, 1998), a safety-significant process exhaust system was identified, and
backup power by adiesel generator has been provided (see Section 3.5.3.8).

3.5.2 Analysisof Hazards

Potentid events occurring in the CVDF that could pose a chdlenge to off-ste and on-site
radiologica evauation guiddines were evaluated as design basis accidents. The following
subsections address these potentia accidents.

3.5.2.1 Gaseous Release

The bounding unmitigated scenario for this accident involves a pressurized release of
helium gas and entrained contaminated particulates through a process line leek. The unmitigated
consequences of this event do not exceed the off-dte release limits, but do exceed the on-site risk
evauation guiddines. No safety-class features are required to mitigate this event. Sefety-
sgnificant features of the design for coping with this event include portions of the process
generd supply/exhaust heet, ventilation, and air conditioning (HVAC) system and process bay
local exhaust HVAC and process vent system, aswell as differentia pressure darmsfor the
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process bays and process water tank room. Mitigated consequences of this event are well below
both off-gte release limits and on-site risk evaluation guiddines (see Table 3-1).

3.5.2.2 Liquid Release

The bounding unmitigated scenario for this accident involves a pressurized lesk of water
and entrained contaminated particulates from the process water conditioning piping. The
unmitigated consequences of this event do not exceed the off-gsite release limits, but do exceed the
on-gterisk evauation guidelines. Asin the case of agaseous release as discussed above, no
safety-class features are required to mitigate this event. Safety-significant features selected to
mitigate this event include portions of the process generd supply/exhaust HVAC system
(ductwork and high-efficiency particulate air [HEPA] filters for the process water tank room) and
the differentid pressure darm for the process water tank room. Mitigated consequences of this
event are well below off-gte release limits and on-gite risk evauation guiddines.

3.5.2.3 MCO External Hydrogen Deflagration

The bounding unmitigated scenario for this accident involves accumulation of hydrogen
outsde an MCO when it is vented from the MCO into the local exhaust process ventilation
system and mixed with ar, followed by ignition and deflagration of the hydrogen gas. The
unmitigated consequences of this event do not exceed the off-site release limits, but do exceed the
on-Sterisk evaluation guiddines. No safety-class festures are required to prevent or mitigete this
event. Safety-significant features sdected to prevent this event include portions of the process
bay locd exhaust HVAC system and process vent system (ductwork and HEPA filters) and
specid toolsto limit the cask vent flow rate. Mitigated consequences of this event are well below
both off-gite release limits and on-dte risk evauation guidedines.

3.5.24 MCO Internal Hydrogen Deflagration

The bounding unmitigeted scenario for this accident involves the ignition and deflagration
of ahydrogen-air mixture ingde an MCO. The unmitigated consegquences of this event do not
exceed the off-gte release limits, but do exceed the on-gte risk evauation guidelines. No safety-
class features are required to prevent or mitigate this event. Some safety-class features (i.e.,
multiple safety functions to detect process upsets, the safety-class heium system, portions of the
tempered water [annulus] system) that prevent arunaway thermd reaction in the MCO (see
Section 3.5.2.5 below), aswell as certain overpressurization events, also help to prevent this
accident. In this context, however, they play only a safety-sgnificant role. Becausethe
designated safety features prevent and mitigate this event, both off-Ste release limits and on-Site
risk evauation guiddines are satisfied.

3.5.25 Runaway Thermal Reaction

The bounding scenario for this accident isinitiated by loss of or diminished heat remova
from an MCO. This condition could lead to an uncontrolled escalation of the chemica reaction
within the MCO, resulting in excessive internd temperature. If unmitigated, the high
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temperatures of this scenario could lead to a continuous release of gas and contaminated
particulates for an extended period of time. The unmitigated consequences of this event
chdlenge the off-gte release limits and exceed the on-sSite risk evauation guiddines. Safety-class
features selected to prevent this event include safety features to detect process upsets, the safety-
class helium purge and isolation system, and portions of the tempered water (annulus) system.
Mitigated consequences of this event are well below both off-site release limits and on-site risk
evauation guiddines

3.5.26 MCO Overpressurization

The bounding unmitigated scenario for this accident involves overpressurization of an
isolated MCO with no pressurerelief. The pressure in an isolated MCO increases with the
formation of hydrogen gas as a product of the uranium-water reaction. The internd pressurein
the MCO continues to increase until the MCO pressure boundary is breached or until the fuel or
water is completely consumed. The overpressurization leads to a pressurized release of gas and
contaminated particulates, followed by an extended period of dow continuous release driven by
the continued oxidation of the uranium insde the MCO. The unmitigated consequences of this
event exceed both the off-gite release limits and on-site risk evauation guidelines.

Safety-class features salected to prevent this event include multiple safety featuresto
detect process upsets, the safety-class helium system, the 30 psi(g) vent line, the 150 psi(Q)
rupture disk, and portions of the tempered water (annulus) system. These safety-class features
reduce the frequency and mitigate the occurrence of this event to well within the off-gte release
limits. Additiond safety-ggnificant feetures for confinement and filtration are identified to
mitigate the on-site consequences to well below the on-site risk evauation guidelines.

3.5.3 Identification of Hazard Controls

3.5.3.1 Monitoring and Control System

The CVDF FSAR describes the function and operation of the Monitoring and Control
System (MCYS) used by the operators for norma CVDF process control. This systemis classified
as generd sarvice. It providesindication, control, and darms for various processing functions,
induding the fallowing:

Vacuum Purge System (VPS).

Tempered water (annulus) system.

Process Water Conditioning System (PWCS).
Generd service hdium system.

Deonized water system.

The MCS, which interfaces with the above systemsin each of the CVDF process bays,
conggts of interactive computer terminds, logic circuits, input/output modules, and panels, but
does not include process sensors such as those for pressure, temperature, and flow. The system
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alows for smultaneous control viaworkstations connected by alocd areanetwork. The MCS
monitors severd systems, including radiation monitoring, stack monitoring, VPS chilled water,
tempered water cooling, hdium supply, and instrument air.

The system a'so controls MCO isolation valves under norma operations. These arethe
same valves used for isolation by the Safety-Class Instrumentation and Control (SCIC) System.
However, the SCIC System will override control commands from the MCS. The MCS takes
inputs from the SCIC System but is eectricaly isolated fromit. The Board' s saff has confirmed
that the MCS controls norma process functions only, is eectricaly isolated from the SCIC
System, and is designed to be overridden by the SCIC System’s control signals.

3.5.3.2 Safety-Class Instrumentation and Control System

The CVDF FSAR identifies the SCIC System as a system whose failure could indirectly
result in a condition adversaly affecting the health and safety of collocated workers. The system
aso detects and controls functions designed to prevent chalengesto off-gite limits. Thus, the
system is designated safety-class. It provides safety functions for four design basis accidents:

MCO overpressurization.

MCO runaway thermal reaction.
MCO internd hydrogen deflagration.
MCO externd hydrogen deflagration.

The SCIC System performs three generd functions to mitigate MCO upsets:

I MCO isolaion and purge, which isolates the MCO and initiates safety-class heium
pressurization and purge of the MCO.

Remova of MCO excessive hesat, which removes power to tempered water system
heaters.

Control room safety-class annunciation, which provides severd safety-class and
defense-in-depth darms to operators in the control room.

The SCIC System is designed to monitor various system parameters and to place the
MCO in asafe condition. As noted, it is dectricaly separate from the MCS, which is used for
CVDF norma process control (see Section 3.5.3.1). The MCS takes inputs from and controls the
same isolaion vaves as the SCIC System, but control signals from the SCIC System override
those from the MCS. The SCIC System contains redundant channels, and is designed to operate
under asingle failure of one channd. The system contains circuitry for operationd testing. Test
switches for tegting the functiond performance of the system are provided. Cdibration and
additiona functiond tests are performed using a calibration and test computer not normally
connected to the SCIC System. The system design specification for the SCIC System references

3-24



the pertinent |EEE standards® for safety-class systems and complies with the requirements of
DOE orders and implementation guides. The Board' s staff has concluded that the SCIC System
is designed with the required channel redundancy and separation.

In the enclosure (Gwal, 1998) to aletter from the Board dated December 1, 1998
(Conway, 1998), the staff addressed the issue of the smal margin (0.9°C) between normal
operating temperature and the set point for the high-level trip on cask annulus water temperature.
The enclosure to the Board' s | etter dso raised the issue that the existing darm system for water
level in the cask annulus may not be able to withstand a seismic event.

The cdibration frequency for the high level trip on cask annulus water temperature has
been increased from annual to quarterly, thus reducing the calculated switch errors to more
acceptable values. In addition, the operating temperature has been reduced, providing a margin of
3.1°C between nomind vaues. The Board's saff has concluded that this margin is acceptable.

During September 2000, the Board' s staff reviewed sensor error and set point calculations
provided by project representatives for the set point and margins associated with water level
darmsin the cask annulus. Based on that review, the staff has concluded that the set points are
appropriate and that the robustness of the system has been adequately tested.

3.5.3.3 Tempered Water System

A portion of the tempered water (annulus) system contains safety-class piping and inti-
gphon vavesto retain aminimum water level above the evation of the top of the spent fue
withinthe MCO. The tempered water system is used to heat the MCO to a temperature of 40 to
50°C prior to vacuum drying of thefud. The system is connected to the annulus through the cask
sedl ring and a port near the bottom of the cask. The recirculating tempered water flows through
the cask annulus from the bottom to the top for a“ soak” period so the MCO contents can warm
up, and the water temperature of the annulus can reach its operating range of 40 to 50°C.
Following the soak period, the drain, purge, and drying sequence commences.

In the enclosure (Wille, 1998) to a letter to DOE dated March 18, 1998 (Conway, 1998),
the Board' s saff documented its concerns related to runaway reactions. Because the MCO is il
filled with water asit is heated, the staff suggested that the process be revised to remove the water
from the MCO before raising the initid temperature significantly abbove ambient conditions
(nominaly the temperature of the water in the basin), thus decreasing the potentia for arunaway

3 Theseinclude |EEE Std 308-1991, | EEE Standard Criteria for Class 1E Power Systems for Nuclear
Generating Stations, IEEE Std 323-1983, |EEE Standard for Qualifying Class 1E Equipment for Nuclear Power
Generating Stations, ANSI/IEEE Std 338-1987, |EEE Standard Criteria for the Periodic Surveillance Testing of
Nuclear Power Generating Safety Systems; -344, | EEE Recommended Practice for Seismic Qualification of Class 1E
Equipment for Nuclear Power Generating Stations |EEE Std 379-1994, | EEE Standard Application of the Single-
Failure Criterion to Nuclear Power Generating Station Safety Systems; |IEEE Std 384, | EEE Standard for
Independence of Class 1E Equipment and Circuits; IEEE Std 603-1980, |EEE Standard Criteria for Safety Systems
for Nuclear Power Generating Stations and |EEE Std 627-1980, |EEE Standard for Design Qualification of Safety
Systems Equipment Used in Nuclear Power Generating Stations
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therma reaction. Asan indication of the sengtivity of the reaction to temperature, hegting the
annulus water to atemperature of 75°C was acknowledged by project personnel and DOE-RL to
be unsafe. The reason for heeting the MCO to 50°C while il filled with water isto reduce the
processing time for drying.

On August 31, 1998, aletter (Moniz, 1998) from DOE responded to the above issue.
DOE' s response stated that lowering the temperature at which the water is drained had been
suggested during safety reviews as a means of providing additional margin againgt oxidation
reactions, but the additional processing time required to heat a drained MCO had not been fully
evauated. DOE believed the drying process would be unacceptably dow because effective
hesting could not be provided after draining the water.

The Project FSAR, Annex B, Cold Vacuum Drying Facility (Fluor Hanford, 2000),
addresses the controls that prevent temperatures from exceeding 50°C. The CVDF process
requires that the norma drying operation and dryness testing for the MCO be performed at 40 to
50°C. If theinlet water temperature istoo high, the safety-class temperature switches send a
sgnd to the SCIC System, which deenergizes the tempered water (annulus) system hester. The
SCIC System and associated safety-class instruments al so detect process upsets and activate the
safety-class hdium system to provide an MCO purge and vent function.

The Interim SER for the CVDF, Annex B, raises the same issues regarding runaway
thermal reactions. Theitemswere closed by an andyssin Annex B of the FSAR, identifying
severd potentia accidents that could lead to arunaway thermd reaction. The bounding accident,
which isthe design basis accident, isloss of water. The FSAR sates that this accident requires
gmultaneous loss of helium flow, loss of cask-MCO annulus water, and continuous release
through afaled processline. The FSAR estimates the frequency of this accident as beyond
extremdy unlikely, diminating the need for additiona mitigation festures. The Board' s Saff
believes no further analysis is necessary.

3.5.3.4 Process Water Conditioning System

Norma operation of the PWCS involves draining water from the MCO, processing the
collected water through ion exchange modules (IXMs), and transferring the processed water to a
5,000-gdlon storage tank. The PWCS is powered by two pumps, one running and one in standby.
Radionuclides are removed using two sdf-shielding, sngle-use, disposable IXMs. After the
process water has been sampled and the results verified, the water istransferred to the K-Basins
viathe Conditioned Water Shipping System.

The MCS controls dl non-safety automated functions and darming of the PWCS. The
SCIC System hasinterlocks and trip control of the PWCS-to-MCO isolation vaves. The PWCS
isolation valves and associated piping are safety-class, the lines to the receiver tanks are safety-
ggnificant, and the remaining components are generd sarvice. Thetanksinthe IXMs are
criticdly favorable by design.

3.5.3.5 Safety-ClassHelium System
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Five sources of helium are provided in each process bay of the CVDF. The genera
sarvice helium system is supplied from atube trailer, and the stlandby safety-class hdium system
is supplied from four helium gas cylinders. Helium is used in process operations to provide
enhanced thermal conductivity, to purge the MCO of hydrogen and other gases, to pressurize the
MCO to preclude further air ingress, and to provide an inert backfill of the MCO when drying is
complete.

The essentid safety function of the safety-class hdium system isto inert the MCO and
associated process piping upon actuation by the SCIC System during process upsets. The safety-
class hdium system prevents arunaway thermd reaction caused by insufficient hest removal
from the ingde of the MCO, in addition to preventing hydrogen deflagrations caused by the
buildup of flammable concentrations of hydrogen and oxygen.

3.5.3.6 Vacuum Purge System

The VPS congdts of isolation vaves, piping, and insrumentation in conjunction with a
resdual gas analyzer, acondenser, a condenser water collection tank routed to the PWCS, a
helium line to provide pressurization to remove MCO water, and a vacuum pump that connects to
the process vent. After being drained of bulk water, the MCO is evacuated by the vacuum pump,
and the condenser captures water vapor in the gas removed from the MCO. Upon indication that
the most of the water has been removed, the leaktightness of the MCO is checked to verify that
the MCO isready for shipment.

The FSAR, Annex B, Cold Vacuum Drying Facility (Fluor Hanford, 2000), cites as
safety-class components those that isolate the MCO from the VPS, monitor gauges, and provide
an auxiliary vent path in stuationsin which the MCO pressure rise is greater than can be handled
by the vent of the safety-class helium system. The safety-class vent path mitigates the effect of a
pressurized release from the MCO due to a postulated overpressurization event. The pressure
trangmitters, pressure indicators, flow indication tranamitters, and MCO rupture disk are safety-
class components.

3.5.3.7 Confinement Systems

Portions of the ventilation systems listed below provide safety-gignificant functionsto
prevent or mitigate postulated accidents in the CVDF. Specific components or portions of the
system providing the safety-significant function are discussed in the following paragraphs.

Process Bay L ocal Exhaust HVAC and Process Vent System. Two HVAC systems
(process bay local exhaust HVAC and process vent system, and process genera supply/exhaust
HVAC system) provide confinement of airborne radioactive materid within the radiologicaly
controlled aress of the CVDF, as well as providing HEPA-filtered discharge via the CVDF stack.
These sysems maintain gppropriate building ventilation zone pressures such that air flow isfrom
less to more potentially contaminated areas. Each process bay aso has an independent HVAC
system for process bay recirculation that provides an outside air supply and HEPA-filtered
recirculation for heating and air conditioning.
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The primary confinement feature is the stainless sedd MCO. The MCOs are transported
to the CVDF insde the MCO transfer cask (see Sections 2.2.3 and 3.4.1). The mechanically
seded transfer cask forms a secondary confinement barrier during transportation and receipt. The
primary confinement of airborne and liquid effluents from the SNF during processing in the
CVDF is provided by the MCO and isolation piping.

The MCO is connected through three process lines to the VPS, generd service helium
system, deionized water system, and PWCS process equipment. The pipes and valves that make
up the isolation piping of the cold vacuum drying process systems form the physica boundary
that isolates the MCO' s contents from the secondary confinement provided by the building
HVAC sysems. All equipment exhausts and vents are directed through the process bay local
exhaust HVAC and process vent system. Any leaks from the MCO or from the process
equipment would be into the process bay or process water tank room. The system filters air from
the process hoods, and vents air from the VPS and tempered water (annulus) system, aswell as
gases from cask venting and the safety-class heium system, prior to discharge from the facility.

The process vent portion of the process bay loca exhaust HVAC and process vent system
is classfied as safety-ggnificant and is designed to provide sufficient air flow to dilute the
potential hydrogen releases to nonflammable concentrations. 1t provides secondary confinement
at the top of the MCO, using an open-face process hood with a capture velocity of 125 feet per
minute at the top of the MCO. The design of the process hood conforms to applicable
requirements of DOE Order 6430.1A, General Design Criteria (U. S. Department of Energy) and
the hood design recommended in the American Conference of Governmentd Industria
Hygienigts, Indudrid Ventilation, 21 Edition, A Manual of Recommended Practice (American
Conference of Governmenta Industria Hygienists, 1992).

Process General Supply/Exhaust HVAC System. During norma operation, secondary
confinement is provided with a differentid pressure established by the process genera
supply/exhaust HVAC sysem. A differentid pressure is dso maintained following aloss of
normal eectrica power through support of the standby power system when other ventilation
systems are not operable. The safety-significant standby power system (see Section 3.5.3.8)
supports the functions of the local exhaust system of maintaining adequate differentid pressure
for confinement in the process bays and reestablishing the minimum airflow rete required for
hydrogen dilution in the locd exhaust system ductwork during aloss of normd eectric power.

Process Bay Recirculation HVAC System. The process bay recirculation HVAC system
Is classfied as generd service. The pneumatic isolation damper & the ar inlet is safety-
ggnificant. The system continuoudy removes dust and airborne radioactive particulate, if
present, from the air within the process bays, thereby limiting levels of arborne radioactive
contamination within the process bays to acceptable levels during normal operations. The system
does not discharge exhaudt air to the environment. A backdraft damper is provided on the outside
ar inlet to prevent airflow reversd to the outsde,

Reference Air System. All exhaust systlems are in operation during normal processing.
Monitoring of the differentia pressure by the safety-sgnificant reference air system fecilitates
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maintaining confinement in the facility except when the telescoping door to a process bay is
opened. If atelescoping door is open (e.g., when an MCO is being received or shipped out), the
safety-significant inlet damper of the process bay recirculation HVAC system is closed to

increase flow through the doorway. The HVAC systems use isolation dampers to stop the flow of
ar in order to maintain confinement within the facility and preclude cross-contamination between
areas during upset conditions.

3.5.3.8 Electrical Systems

Annex B of the CVDF FSAR datesthat dectrica power isnot required for any safety-
dass sysems and that the only system requiring safety-significant power is the exhaust
ventilation syssem. Theloca bay exhaust and process vent system is designed to provide
confinement in CV DF process bays and dilution flow in the loca exhaust duct upon loss of
normal power. Safety-class SSCsfall safe upon aloss of power and do not require safety-related
electrical power.

The norma eectrical power distribution system provides power for the process and SCIC
sysems as well as other CVDF auxiliaries. A 13.8 kV on-gte eectrica system delivers power to
athree-phase step-down transformer with Y -connected secondary at 480 V.

The standby power system consists of a 100 kilowatt (kW) diesdl generator, an automatic
transfer switch, atest load bank, and various support systems. It provides backup power to the
process bay loca exhaust HVAC and restart circuit, process bay heat trace, uninterruptible power
supply system, and instrument air compressor.  The standby power system is classified as safety-
sgnificant.

An October 21, 1998 staff issue report (Gwal, 1998), forwarded to DOE on December 1,
1998 (Conway, 1998), noted that athough the ventilation system itsalf was designated as safety-
sgnificant, an exhaust fan in the system was classified as generd service, and the system had no
backup power. In February 1999, DOE responded by letter (Owendoff, 1999) that the exhaust
fans would be classified as safety-significant and that backup power would be provided.

In aMarch 1999 |etter (Conway, 1999) to DOE, the Board forwarded a staff issue report
(Wille, 1999) indicating that the contractor had not fully accepted the safety-significant
designation for al necessary equipment. The Board revisited this subject in aletter dated July 8,
1999 (Conway, 1999), emphasizing the need for safety-significant power for the CVDF.

In a September 1999 letter (Huntoon, 1999), DOE responded to the Board’s March 29 and
July 8, 1999, letters (Conway, 1999) concerning the need for a standby power source. DOE’s
response indicated that in May 1999, the project staff had approved a design change notice that
added a diesdl generator and transfer switch to the facility and provided a separate building for
the diesel generator, located approximately 100 yards from the CVDF. The Board's &ff has
confirmed the seismic qudlification of the safety-sgnificant standby power system in accordance
with |EEE 344-1987, |EEE Recommended Practice for Seismic Qualification of Class 1E
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Equipment for Nuclear Power Generating Stations (Inditute of Electrica and Electronics
Engineers, 1987).

During a June 2000 review of the safety-significant dectrical power system, the Board's
daff aso raised an issue regarding the need for sequencing of loads on the diesel generator and
the adequacy of the generator to start and support al the CVDF loads. During an August 22,
2000 video conference, project personnd presented load calculations, evaluation of transient
time-current characterigtics of the generator and major loads, and built-in time ddlays in the
generator circuitry, to demongrate that the capacity of the diesdl-generator is not chalenged
during Startup of the mgor loads. The Board's Saff concurred with this analyss.

The same video conference included a discussion of adiesd trip on high cooling water
temperature and the contractor’ s root-cause andysis of this event. Engineering evauations
disclosed that the conditions encountered were exacerbated by an undersized radiator on the
diesd. In addition, the ambient heat load in the diesal-generator room was increased by presence
of the load bank. A larger room exhaust fan motor was ingtalled, the load bank was moved, and
certain non-safety loads were removed from the generator bus.

Two tests were performed satisfactorily, verifying the capability of the diesdl-generator to
support the CVDF loads and successful starting of the loca process bay exhaust fan. The
generator was run for three hours with a 50 kW resigtive load to demonstrate adequate
performance under load. The second test verified that the diesdl-generator would start within 10
seconds of loss of power and that the locd exhaust fan would start and deliver 1,000 cubic feet
per minute within 60 seconds.

During a 1998 dte vist, the Board' s Saff had noted the lack of alightning protection
system at the CVDF s ventilation exhaust stack. DOE has since designed and indtaled a
lightning protection system, as discussed in the FSAR. The staff has confirmed that the lightning
protection system was designed in accordance with the Nationa Fire Protection Association
(NFPA) 780, Sandard for the Installation of Lightning Protection System, 1997 Edition (Nationa
Fire Protection Association, 1997).

Comprehensive short-circuit, voltage profile, and coordination studies are essentia to
safeguard personnd and maintain a safe and reliable power syslem. These studies should be
performed in accordance with appropriate |EEE standards.* Also, in accordance with the CVDF
design requirements document, electrical system components are required to be coordinated for
short-circuit cgpability, interrupting duty and capability, insulation levels, protective relaying,
religbility, interchangesability, transformer and line voltage drop, stability under norma
conditions, and restart upon power dips and outages. The Board's staff confirmed that these
caculations and studies have been performed.

4 |EEE-141, | EEE Recommended Practice for Electrical Power Distribution for Industrial Plants, and
ANSI/IEEE 242-1986, | EEE Recommended Practice for Protection and Coordination of Industrial and Commercial

Power Systems.
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3.5.3.9 FireProtection

The fire protection system for the CV DF includes the fire detection and darm system and
the suppression system. Al fire protection system valves, components, instrumentation, and
controls required to perform detection and suppression functions are designated genera service
and are designed and qudlified for seigmic Performance Category (PC)-1. Thefacility is
automatically monitored for fire and smoke by ionization-type smoke detectors. The fire darm
system is designed and ingtalled in accordance with NFPA-72, National Fire Alarm Code, 1996
Edition (Nationd Fire Protection Association, 1996). Fire darm signds are transmitted to the
Hanford Fire Department via aradio fire darm reporter. Manud pull stations are dso provided a
emergency exits. Automatic sprinkler protection has been provided throughout the facility in
accordance with NFPA-13, Installation of Sprinkler Systems, 1994 Edition (Nationd Fire
Protection Association, 1994). The water supply system is adequate to meet the design flow and
pressure demand of the sprinkler system. In addition, fire hydrants are located just outsde the
CVDF at two corners.

The FHA pertaining to the CVDF meets the content requirements of DOE
Order 5480.7A, Fire Protection (U.S. Department of Energy, 1993). The FHA contains
recommendations to resolve identified deficiencies before processng in the CVDF begins.
Resolution of these deficiencies may be completed under the equivaency/exemption process.

The Board' s staff has concluded that the fire protection system for the CVDF is adequate,
based on the FHA and review of the system design.

3.5.3.10 Structural and Other Engineering Aspects of Hazard Controls

The CVDF isatemporary facility with adesign life of 5 years (see Section 2.2.4). The
facility is characterized as Hazard Category 2; the building fegtures are categorized as safety-
ggnificant.

The CVDF process bays are designed to preclude damage or functiona impairment of
safety-class systems and components within the bays under al conditions. The process bays dso
provide tertiary confinement in conjunction with the HVAC systems during facility operations.

On the basi's of these functions and requirements, the process bays are designed to meet the
requirements of PC-3 for protection against natura phenomena hazard (NPH) design loads
imposed by potentia seismic, straight wind, tornado, volcanic ash, flooding, lightning, and snow
events. PC-3 seiamic design spectra are generaly acceptable for a Hazard Category 2 facility
such asthe CVDF (see Figure 3-1 for the CVDF design response spectra). The process support
area and the process water tank room are designed to meet NPH PC-2 requirements, and the
adminigtration building PC-1. PC-1 and -2 SSCs are designed to meet the requirements of the
1994 Uniform Building Code™, Volume 1, Administrative, Fire- and Life-Safety and Field
Inspection Provisions (Internationa Conference of Building Officias, 1994). The Board's staff
has identified no issues associated with the NPH design criteria for the CVDF.
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3.6 CANISTER STORAGE BUILDING
3.6.1 Definition of Functions and Requirements
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The primary safety functions of the CSB are to receive and transfer MCOs within the
building; store them in below-grade storage tubes, provide a shidded sampling/weld station; and
maintain adequate shielding, passve cooling, and containment of the MCOs during interim
storage.

The CSB provides for the receipt, sampling, monitoring, and interim (40 years) dry
gtorage of SNF contained in MCOs. The facility comprises an above-ground sted-frame building
that encloses the operating and loading/l oadout areas, and three equa-sized bel ow-ground
reinforced concrete vaults. The below-ground walls are Sized for radiation shielding. The
basemat is nominaly 5 feet, 6 inches thick; the below-ground exterior walls are 4 fedt,

6 inches thick; and the walls separating the three vaults are 3 feet thick. The concrete vaults are
covered at grade level by a 5-foot-thick concrete operating deck. The operating deck contains
full-thickness embedded sted deeves that receive the tube plugs and connect to the storage tubes
(about 40 feet long and 28 inchesin diameter) from below. Only Vault 1 is equipped with stedl
tubes for storage of the MCOs. The MCOs are the first barriers providing interim containment
and confinement of the enclosed SNF. Vault 1 iscooled by natural convection through an above-
grade inlet structure, through a below-grade concrete intake plenum, to an exhaust plenum and
exhaust stack (see Figures 2-7 through 2-9).

The MHM is used to move the MCO from the receiving area to a storage tube location.
After the MHM isindexed over the proper storage tube, it removes the storage tube plug and
lowers the MCO into the storage tube. Impact absorbers are placed in the bottom of the storage
tube and between MCOs (two MCOs can be placed in a single storage tube) to mitigate the
effects of a potential cask drop. The MHM is aso used to move MCOsto and from the
sampling/weld station, as required (see Figures 2-10 and 2-11).

The partidly congtructed foundation of the canceled Hanford Waste Vitrification Plant
(HWVP) was incorporated into the design of the CSB. This decison to use the earlier work on
HWV P had asgnificant effect on the seismic design criteriafor the CSB (see Section 3.6.3.1).

3.6.2 Analysisof Hazards

The CSB is appropriately categorized as Hazard Category 2, and designed to NPH PC-3
requirements. NPH design loads conddered are seismic, straight wind, tornado, volcanic ash,
flooding, lightning, and snow. In addition to NPH, the design addresses hazards from aircraft
impact, trangportation accidents, and the effects of operations at nearby facilities. The safety-
class structura features of the CSB are discussed in Section 3.6.3.

A beyond-design-basis event scenario assumes that the passve cooling air flow through
the CSB vault is substantialy reduced. If the air flow were reduced enough for a sufficient time
period, the MCO walls or the concrete of the CSB vault could exceed their respective design
temperaure limits. Violation of design temperature limitsis not consdered credible because of
passive design features associated with the vault, vault intake structure, and vault exhaust stack,
coupled with the extensve amount of time availadle to dleviae blocked vault ar intake or
exhaust pathways. Passive cooling of the MCOs is a safety-class fegture.
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In its assessment of postulated accidents for the CSB, DOE-RL concluded that (1) the
SAR andysisis bounding; (2) the postulated events are characterized in a conservative manner;
and (3) the conservatism more than compensates for the consegquences of any residua uncertainty
caused by process varidbility at the K-Basns and the CVDF, aswell as the imperfectly
understood physica and chemical behavior of the SNF during interim storage in MCOs.

DOE-RL found the contractor's development of scenarios and assumptions that could
potentialy result in the occurrence of a criticdity event in the CSB to be very consarvative. In
addition, redtrictions on water sourcesin the CSB further limit the possibility of inadvertent
criticality. DOE-RL concluded that a criticality event in the CSB is not credible and thet its
frequency of occurrence is much less than 1.0 x 10 per year. (For a generic discussion of
potential accidents involving inadvertent criticality, see Section 3.2.2.1.)

Safety-ggnificant design features and controls for safe handling of MCOs and for worker
safety in the CSB are provided. These features, which aso provide defense in depth, include
radiation shielding, design of the operations area shelter and other equipment to prevent damage
to safety-class features during design-basis events, and means to maintain confinement during
venting of the trangportation cask and obtaining gas samplesin the sampling/weld station.

3.6.3 ldentification of Hazard Controls
3.6.3.1 Structural Features

The safety-class features relied upon in the facility safety bass to protect the MCO are as
follows

Subsurface structures, including vaults, ar intake, and exhaust plenum.
Storage tubes, base dab embeds, and impact absorbers.

At-grade structures, including operating deck.

Intake structure and exhaust stack.

MHM saismic restraint system, including MHM rails.

Two early decisons regarding the CSB had subgtantid effects on the project. Firdt, the
fast track adopted for the project dictated that development of design criteria, design of SSCs, and
congtruction proceed on an essentialy concurrent schedule. This resulted in numerous design
compromises and in-process changes during congtruction, with resultant impacts on the technicd,
cogt, and schedule basdlines for the project. Second, DOE' s adoption of a policy for achieving
nuclear safety equivaent to that provided by NRC requirements, in conjunction with DOE’s own
requirements, initialy led to confusion, particularly with regard to the design requirements for
protection against NPH set forth in 10 CFR Part 100, Reactor Ste Criteria (Nationd Archives
and Records Adminigtration, 1999). These two issues were brought to DOE' s attention in the
enclosures (Hadjian 1995, 1996) to two letters from the Board dated December 15, 1995
(Conway, 1995), and June 11, 1996 (Conway, 1996), respectively.
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After consderable consultation between the Board' s staff and representatives of DOE and
the SNFP, the issue involving the impact of the fast track on project basdines wasresolved. To
ensure that the fast tracking would not adversdy affect the safe performance of the CSB, the
Board's gaff suggested that a confirmatory analysis be conducted in atimely fashion, before
construction had proceeded too far for appropriate corrective actions to be taken. DOE agreed to
perform such an analyss (Alm, 1996).
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The fagt-track schedule resulted in severa andysis deficiencies that required attention in
mid-1996 while congtruction was in progress. The following are examples of these deficiencies:

Thetotdl structure, including embedment in the ground effects, was not modeled
Some significant loads were not considered (e.g., tornado/wind loads and missiles)
Outdated standards were used

Unproven analysis methods were used for seismic excitation of embedded structures

Three fully loaded vaults and three sets of ventilation stacks were assumed in the
andyss when only one would be built

Thermd loading of al three vaults Smultaneoudy were assumed in andysis when
only Vault 1 would be thermally loaded

After severd meetingsinvolving DOE, the contractor, and the Board' s staff, these analysis issues
were properly identified and corrected (Alm, 1996). Examples of these analysisissues include:

The saigmic excitation of the significantly embedded substructure was initialy

andyzed using a new, unverified computer code that is not able to account for soil-
sructure interaction effects directly. A more appropriate code was subsequently used
for andyss of soil-gructure interaction. The Board' s staff performed its own analysis
of how the seismic input motion is tranamitted to the relatively rigid below-ground
sructure. Asaresult of discussions between the staff and SNFP personnd, the
contractor made adjustments to the findl in-structure response spectra. Thein-
structure response spectra are used for the design and qualification of equipment and
components.

Andysis of the CSB with therma loads in dl three vaults would not correctly reflect
the worst design conditions with only one vault containing SNF, aswill be the case for
the foreseegble future. Moreover, given the uncertainty of future CSB loading (one,
two, or three of the vaults containing SNF), a checkered loading pattern was required,
and used, to capture controlling design conditions throughout the structure,

Other deficienciesidentified by the Board' s saff have been rectified. For example, as
aresult of the saff’ s review of the details of the deck design, the origina arrangement
of the deeves was modified to enhance the capacity and ductility of the deck structure.
The gaff dso performed significant reviews of the MCO drop on the tube-deeve
assembly to ensure that confinement would not be breached following an accidenta
MCO drop. Design modifications were introduced accordingly.

Because deficiencies identified by the Board' s staff have been rectified, including a
confirmatory structura analys's, and corrective actions taken, the staff concludes that, as
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presented in the FSAR, the CSB is adequately designed and constructed to perform its structural
functions safdly.

The issue of nuclear safety equivadency with NRC requirements was not fully achieved.
When NRC requirements were not considered to be cost-effective, aternative design criteriawere
selected, consgtent with the DOE policy. For example, even though seismic loads are the only
sgnificant loads considered in the CSB design, an exception was taken to the requirements of
Appendix A to Part 100, Seismic and Geologic Sting Criteria for Nuclear Power Plants 10 CFR
(Nationd Archives and Records Adminigtration, 1999). Similarly, an exception was taken to the
NRC requirements for protection againgt tornado missiles, based on probabilistic arguments.
Although the NRC nuclear safety equivaency achieved was incomplete, the extent to which it
was achieved was identified and justified by the project. Despite the anomdiies, the Board
consders that DOE Orders and standards provide an adequate basis for design of thisfacility.

The safety-class SSCs are designed using the seismic design spectrum specified in
NUREG/CR-0098, Development of Criteria for Seismic Review of Selected Nuclear Power Plants
(U.S. Nuclear Regulatory Commission, 1978), with the pesk ground acceleration fixed at 0.35
times the acceleration due to the force of gravity. The design is considered sufficiently
conservative Snce, in generd, this spectrum is about 1.5 times more intense than the latest PC-3
Site spectrum, and a PC-3 seismic design spectrum is generaly acceptable for a Hazard Category
2 facility such asthe CSB. The sdected seismic design spectrum was the design requirement for
the cancdled HWVP. Since part of the below-ground structure was aready constructed, it was
deemed prudent to complete the design using the origind HWV P design spectrum. A comparison
of these spectrais shown in Figure 3-2.

During early design stages for the CSB, two projected life spans for the facility, 40 and 75
years, were being used smultaneoudy for different purposes. If the CSB could potentialy be
used for 75 years for interim storage, probabilistically based design loads must be upgraded to
achieve the gated rdligbilities. The Board's s&ff did not consider the approach of revigting this
issue after 40 yearsto be appropriate, snce with thislogic, one could decide to revisit any design
annudly, and thus judtify the use of smdller loads for theinitia design. After severa discussons,
DOE decided on adesign life for the facility of 40 years (Alm to Conway, July 15, 1996).

3.6.3.2 Passive Cooling

The MCOs containing the SNF are stored inside storage tubes arrayed in Vault 1, using
naturadly circulating air to remove decay hesat from the fuel ements. The Storage vault is
passvely cooled by convective air flow around the outside of the storage tubes. The height
difference between the operating vault floor and the air exhaust stack (169 feet above the
operating vault floor) provides astrong chimney effect. The top of the inlet plenum opening is
7 feet below the top of the exit plenum, providing additional motive force for heated air to expand
preferentidly into the exit plenum and exhaust up the stack. Air passes down through the air
intake stack, where its temperature and flow rate are monitored, to an inlet plenum. From the
inlet plenum, the air flows into the enclosed volume of the vault; out of the vault into the outlet
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plenum; and thence up the exhaust stack, where the temperature is monitored. It then discharges
into the atmosphere.

The computationd fluid dynamics model used in the SAR shows that the temperature
difference between the highest vault air temperature (hot spot) and the outlet air temperature is
only 9°F. The design of the cooling system limits the externad temperature of the MCO to a
maximum 270°F wall temperature to ensure maintenance of the fuel centerline temperature limit
of 1,112°F and the concrete temperature limit of 150°F. Air inlet and exhaust temperatures and
the flow rate are monitored using the distributed control system.

The thermd anaysisfor the CSB vault presented in the SAR addresses naturd air
convection flow due to the heat generated by nuclear decay of the stored SNF. The andys's
shows that intensive air movement takes place in the vault zone where the tubes are located, and
that the fudl centerline temperature limit of 1,112°F and the concrete temperature limit of 150°F
are not exceeded. When the Board' s staff questioned the validation of the computational design
through physica measurements and tests, the contractor cited data available from experiencein
France, where asmilar facility was built. The CASCAD facility in Caderache, France, in which
SNF can be stored for up to 50 years, provides dry storage of fue dementsin stainless stedl
canigersthat are stored in wells (tubes) below ground level with passive natural convection
cooling. Thisfacility isvery Smilar in desgn to the CSB. Thefind design of the CASCAD
facility, which started up in 1990, has been proven by actud field measurements.

During the design phase of the CASCAD facility and prior to the start of condtruction, a
series of therma tests was conducted to confirm the thermal andlysis and validate the vault
cooling design. Anayses covering hest transfer around a storage tube and the overal heet
dissipation process were vaidated using a full-scale model of a complete tube (at 1000 watts) and
aone-twdfth scae modd (mockup) of the vault and cooling system, respectively. The results of
the validation suggest the benefit of combining flow and therma models of the storage facility
with a detailed thermd model of atube to perform a complete analyss. There was reasonably
close agreement between the test and smulation results.

On the basis of the above consderations, the Board' s staff believes the andysisfor the
CSB has adequatdly taken into account those variables which ensure that the fuel centerline
temperature limit of 1,112°F and the concrete temperature limit of 150°F will not be exceeded.
The French experience is so Smilar that additiona testing is not warranted.

3.6.3.3 Building Ventilation

The HVAC system, which is part of the CSB confinement system, is classfied as generd
sarvice. It provides a controlled pressure gradient flow of air from uncontaminated aress to
potentialy contaminated areas of the building and out through HEPA filters and a monitored
exhaust. During cold wegther conditions, eectric heating eements maintain the air temperature
in the operating area within the norma range. For warm wesather conditions, externd, air-cooled
condenser compressor units perform a comparable function.
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3.6.3.4 Multi-canister Over pack Handling Machine

The MHM, which comprises a bridge and trolley system and a shielded cask and turret
system, weighs gpproximately 990,000 pounds and is 17 feet high from the operating deck to the
top of thetrolley rails (see Figures 2-10 and 2-11). The machineis designed to transport an MCO
safely within the service and operating areas of the CSB. It isaso used to remove and replace
dtorage tube plugs, the service station shield hatch plate, the sampling station shield plug, and
impact absorbers.

Operation of the MHM is governed by a system of electricd interlocks desgned to
prevent or preclude operationa errors that could result in radiologica consequences or facility
damage. The MHM isdesigned to prevent lateral displacement that would shear an MCO asitis
being raised or lowered ingde the throughport. A system of drive control interlocks prevents
Inadvertent activation of both bridge drive motors and the trolley drive motors unless the
interlock sensors report that safe operation can be conducted.  This interlock-permissive system
gresatly reduces the chance of damage to an MCO.

An August 22, 2000, video conference included a discussion of the exigting safety
interlocks for the MHM and their conformance to gpplicable codes and standards. The origind
design for the MHM cdled for redundant, interlocked safety-class controls. 1n an earlier review,
the Board' s staff had noted deviations from the provisions of IEEE Standard 384-1992, IEEE
Sandard Criteria for Independence of Class 1E Equipment and Circuits (Indtitute of Electrica
and Electronics Engineers, 1992). Subsequently, the contractor completed a new hazard andysis
for the MHM and downgraded the classification of the interlocked controls to safety-significant.
On the basis of the revised hazard andlysis and the downgraded safety classfication of the
interlocks, the Board' s saff concludes that there are no remaining open issues associated with
MHM controls.

3.6.3.5 Weld Station Design

The functions of the weld ation are to (1) sample the MCO for pressure and gas
compoasition, and refill with helium if necessary; (2) weld the cover assembly on the MCO;
(3) nondestructively ingpect the weld; and (4) lesk test theweld. Theweld station is designed so
that most of the MCO isin apit below floor leve with its top extending about 4 feet above the
floor. Extrashidding is provided around the exposed regions of the MCO to protect the welders.
An automatic gas tungsten arc welding process is used to weld the cover assembly to the MCO.
The wed joint is desgned for ultrasonic ingpection, if necessary, but volumetric liquid penetrant
ingpection of the root, intermediate, and final layersis planned to be used as the weld acceptance
Ingpection procedure. VVolumetric liquid penetrant ingpection is acceptable under the ASME
BPVC. The cover assambly has a port for supplying backing gas during welding and for use
during the find leak check of the cover assembly weld. A cover plateis welded over this port
when lesk tegting is complete. The MCO isthen placed in interim storage.

3.6.3.6 Electrical and Control Systems
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Electrica and control systems described in the CSB FSAR include the normal electrical
power system, an uninterruptible power supply (UPS), and a distributed control system (DCS).
These three systems, which are classified as genera service, are discussed below.

Normal eectrical power for the CSB is supplied from an on-site 13.8 kV power source,
reduced to 480 V by a step-down transformer with a 'Y -connected secondary, and distributed to
four motor control centers. A UPS that can supply up to 20 kVA to instrumentation panels and
the DCS isintegrated into the norma eectrica system. These panels power a number of health
physics monitoring loads, telephones, and the fire darm system. The UPSisdso designed to
pick up these loads upon aloss of norma power without overloading.

Portable diesel generators are available for additiona backup power. On the basis of an
anaysis showing that no safety-class or safety-significant SSCs require backup power (discussed
in Section 3 of the CSB FSAR), the contractor has determined that a permanently installed diesdl
generator originally designed for the CSB is no longer needed. That diesdl generator has now
been moved to the CVDF, in its own building.

In the enclosure to aletter dated March 29, 1999 from the Board (Conway, 1999), the staff
noted that the origind FSAR stated that two lightning rod assemblies are provided at the top of
the exhaust stack, yet none were actudly ingaled. The revised FSAR cites provisons of NFPA
780, Sandard for the Installation of Lightning Protection Systems, 1997 Edition (National Fire
Protection Association, 1997), which states that stacks with ameta thickness of more than 3/16
inch do not require air terminas or down conductors. On the badis of the current revison of the
FSAR, which states that no stack has ametal thickness of less than 3/8 inch, the staff confirmed
that the CSB lightning protection system is in accordance with NFPA 780, Standard for the
Installation of Lightning Protection Systems 1997 Edition (Nationa Fire Protection Association,
1997).

Comprehensive short-circuit, voltage profile, and coordination studies essentid to
safeguard personne and maintain a safe and reliable power system have been performed in
accordance with applicable IEEE standards.®> Electrica system components have been
coordinated for short-circuit capability, interrupting duty and capability, insulation levels,
protective rdlaying, rigbility, interchangeahility, transformer and line voltage drop, sability
under normal conditions, and restart upon power dips and outages, in accordance with the CSB
design requirements document.

The control systems at the CSB include the DCS and severd safety-related control
sysems and interlocks. The main function of the DCS is focused on facility monitoring. The
system displays a number of parameters, including area radiation, ventilation flow, darm
conditions, and severd others. The DCS performs only one control function (operation of the
helium dilution control valve), and provides archived storage and trend andlysis for monitored

5 Theseinclude |EEE-141, | EEE Recommended Practice for Electrical Power Distribution for Industrial
Plants, and ANSI/IEEE Std 242-1986, | EEE Recommended Practice for Protection and Coordination of Industrial
and Commercial Power Systems.
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parameters. The CSB Systemn Design Description states that the DCS has “no direct support role”’
regarding safety-sgnificant or safety-class sysems.

Severd control functions and interlocks have been identified in the CSB SAR as sfety-
related, including the following:

Seismic detection and MHM power disconnect system (safety-class).
MHM collison avoidance system (safety-sgnificant).

Receiving crane pogitioning and interlock control system (safety-significant).
MCO hoist and grapple (safety-sgnificant).

A number of safety-ggnificant MHM interlocks.

The CSB FSAR lists appropriate IEEE and NFPA standards for these systems. The Board' s Saff
has confirmed that the design of the safety-related interlocks provides for the required separation
and isolation.

3.6.3.7 FireProtection System

The CSB is provided with automatic sprinkler protection in the operations support area,
which isin abuilding adjacent to the operations area proper. By design, there is no sprinkler
protection in the operations area,® a provision gpproved by DOE-RL in an exemption granted in
February 2000. Therefore, any firesin the container handling system must be fought manualy or
permitted to burn out. The CSB fire protection system is classfied as generd service. The
building is of noncombustible congtruction, as required by the gpplicable DOE Orders.

Additiond fire protection features include fire extinguishers and arated fire barrier between the
operations and operations support areas. Combustible controls are provided by implementation of
the FHA requirements through the fire protection program. No fire protection TSRS are provided.
The facility has cleared vegetation from a 60-foot-wide space around the building to defend
agang potentid rangefires.

The fire darm features include a very early smoke detection darm system; transmisson
of dgnasto the Hanford Fire Department via aradio fire darm reporter; annunciation of separate
and digtinct fire, supervisory, and trouble darms; annunciation of locd building fire darms, and
shutdown of appropriate HVAC units upon receipt of any darm. Thefire darm system can dso
be activated using amanual box. The water supply system meetsthe
requirements of DOE Order 6430.1A, General Design Criteria (U.S. Department of Energy,
1989). A freeze protection system is provided for the sprinkler system. A cathodic system for the
underground linesis ingtalled to prevent corrosion of the carbon sted water lines. The FHA for
the CSB meets the content requirements of DOE Order 5480.7A, Fire Protection
(U.S. Department of Energy, 1993).

® Thiswas done to prevent flooding of the MCO resulting from inadvertent activation of the sprinkler
system.
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The Board's staff has concluded that the fire protection system for the CSB is adequate,
basad on the FHA and review of the system design.
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4. PROGRAMS FOR ENSURING THAT HAZARD CONTROLS
ARE PROPERLY IMPLEMENTED

Thework involved in the basic Integrated Safety Management function of Performing
Work, asit is applied to the design and congtruction phase, encompasses those activities involved
in design, procurement, fabrication, ingtalation, and construction of safety-related SSCs and the
programs that direct and control those activities (e.g., safety andysis, project management,
quaity assurance, and configuration management programs). These programs control the design
effort as the project progresses from conceptud through final design. They aso control
acquisition, fabrication, ingalation, congtruction, and testing activities as the project becomes a
physica redlity.

4.1 SAFETY ANALYSISREPORT PROGRAM

The SNFP garted with an aggressive schedule for design and construction, even
incorporating a partialy congtructed foundation from a previous project for CSB (see Section
3.6.3.1). Toaccommodate this approach, a phased safety anaysis development was
implemented. 1t was therefore necessary to obtain DOE’ s acceptance of safety analysesin a
progressive fashion as the designs moved forward and approvas were needed for procurement,
increments of congtruction, and ingtalation. The approach required considerable effort on the
part of DOE and the contractors to identify the gppropriate information for inclusion at each stage
of design development. Thelack of atypicd Prliminary Safety Andysis Report for afacility
mede it difficult to perform an integrated review of the facility, and resulted in a number of
consarvative design assumptions. Enabling assumptions were identified in the safety
documentation, and considerable project effort was later required to identify and confirm that
these early assumptions were vaid.

The FSARS prepared by the project were developed in accordance with DOE Order
5480.23, Safety Analysis Reports (U.S. Department of Energy, 1992), and DOE-STD-3009-94,
Preparation Guide for U. S Department of Energy Nonreactor Nuclear Facility Safety Analysis
Report, (U.S. Department of Energy, 1994). The FSARs for the various facilities were completed
and gpproved by DOE in early 2000, dthough many desgn changes were still being incorporated
asfind safety reviews were in progress. Although the use of a phased safety andysis gpproach
proved difficult to implement effectively in practice, the FSARs ultimately produced by the
project were of high quality and gppropriate for use in an authorization basis.

4.2 PROJECT MANAGEMENT

The difficulties experienced by the project by 1997 were due largdly to inadequate project
management, asidentified in DNFSB/TECH-17 (Defense Nuclear Facilities Safety Board, 1997).
A dgnificant reorganization of the project occurred in June 1998 when an integrated contractor
project team was established, to which subcontractor personnel were directly assgned. A revised
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project basdine cost and schedule for the project was issued by the contractor in June 1998 and
was gpproved by DOE-RL in December 1998. Since that time, the project has been managing to
this basdine with regard to dlocation of funding and schedule contingencies. This marked
improvement in project controlsis adirect result of having aredistic and justifiable basdline,

with appropriate management attention to resolution of emerging technica issues

4.3 QUALITY ASSURANCE

Quality assurance activities for the SNFP are required to comply with 10 Code of Federa
Regulations (CFR) 830.120, Quality Assurance Requirements (National Archives and Records
Adminigtration, 1999), and DOE Order 5700.6C, Quality Assurance (U. S. Department of
Energy, 1991). The SNFP has experienced difficulties in carrying out qudity assurance
activities, usudly as aresult of inadequate execution of work by design, fabrication, and
congruction personnd. Thiswas noted in the 1999 Annua Report, Price Anderson Nuclear
Safety Enforcement Program (U.S. Department of Energy), February 2000, which reported
impogition of acivil pendty againg the contractor for failure to meet the requirements of 10 CFR
830.120, Quality Assurance Requirements (Nationd Archives and Records Adminigtration,
2000). Asan example of continuing quality assurance difficulties, cleanliness problems were
discovered during 1998 in the first process skid during proof-of-process testing in the CVDF.
The procurement specification for the test article did not specify cleanliness requirements for al
of the process components, and grit and metd particles were found in theingalled systlem. A
review of the procurement specifications for al project components was then undertaken to
ensure that gppropriate cleanliness requirements were included. 1n August 2000, however, the
safety-class hdium system in the CVDF had difficulty holding a vacuum, a problem thet was
traced to scoring of the valve seding surfaces of the isolation valves. A project review reveded
that the cleanliness requirements specified were inadequate for vacuum and hdium service. A
flush of the vacuum purge system was required to restore proper cleanliness.

Deficienciesin welding qudity assurance in the DOE complex, including the SNFP a
Hanford, was the subject of a Board letter (Conway, 1999). In response, DOE is planning a
complex-wide review of the effectiveness of Ste quaity assurance programs, including those in
place at Hanford. Results from this review and the quality assurance experience from K-West
Bagin activities should be gpplicable to the remaining K-East Basin efforts.

4.4 CONFIGURATION MANAGEMENT

Configuration management is an integra part of the design and congtruction phase of a
project. It isperformed to demondrate that the as-built facility meets the specified design
requirements and that the project documentation provides evidence for this concluson. The
SNFP experienced difficultiesin achieving gppropriate configuration management during the
design and congtruction phase.  As an example, during adelayed design review of the CVDF
while the facility was under congtruction, the project could not demonstrate compliance with dl
of the specified requirements, such as DOE Order 6430.1A, General Design Criteria (U.S.
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Department of Energy, 1998). Subsequently the project established a compliance matrix program
for dl of the SNFP facilities to document and demonstrate the compliance of dl SSCs, as
designed and constructed, with applicable requirementsin DOE Orders and referenced standards.

45 EMERGENCY MANAGEMENT

Provisons for responding to potential emergencies, described in Chapter 15 of the FSAR,
are Sraightforward. Emergency preparedness and planning measures for each of the SNFP
facilities (K-Basins, CVDF, and CSB) and the on-site transportation of MCOs are compatible
with the Hanford Site Emergency Plan and in compliance with DOE Order 151.1, Comprehensive
Emergency Management System (U.S. Department of Energy, 1995) and the related guides.

The Board's staff has observed the performance of the Hanford Emergency Response
Organization (ERO) on numerous occasions, including Exercise Oz, which involved a scenario in
the K-Basins (Deplitch, 1995). Although none of these exercises were error-free, the ERO has, in
generd, been effective in dedling with smulated emergencies. Observed weaknesses have been
associated with execution, rather than deficiencies in preparedness or in advance planning for
coping with potentid emergencies.

On the basis of its review of the FSAR and the Safety Evauation Report, aswell asits
observation of emergency exercises and drills at the Hanford Site, the Board' s staff has concluded
that adequate preparations have been made for coping with potential emergencies involving any
of the facilities and activitiesin SNFP.

4.6 TESTING
4.6.1 Supporting Tests

A sampling and test program for characterization of dudge was necessary for design and
andyss of systems and components. K-W Basin dudge has two sources. (1) canister dudge and
(2) floor dudge. Since the K-W Basinislined and contains sealed canisters, floor dudge consists
amog entirdly of dirt and debris resulting from atmospheric settling of dirt. This dudge stream
isof little safety concern. However, canister dudge, once believed to be minimal as aresult of
the use of potassium nitrite as a corrasion inhibitor during the canning process, does present both
safety and operational issues.

With the discovery that dudge was present in closed canisters stored in the K-W Basin,
the IWTS design required a much more detailed consideration of dudge properties. Thisissue
wasraised in DNFSB/TECH-17 (Defense Nuclear Facilities Safety Board, 1997) since, at that
time, very little was understood about the physicd and chemical properties of thedudge. This
lack of understanding brought the feasibility of the design concept into considerable question.
This stuation resulted from initid dudge characterization sudies that were poorly desgned and
quditative in nature, and failed to provide the information needed to diminate the risks
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associated with the performance and safety of the system. For example, understanding of the
amount of metallic uranium in the dudge would have provided a more complete picture of the
criticaity risk and made it possible to identify the likelihood of runaway uranium oxidation
reactions. Asaresult of not having this information, consderable effort was expended to
evauate these hazards, as wdll asto provide information related to system operability issues (e.g.,
particle size digtributions to be used in design vdidetion).

An attempt to better characterize canister dudge was completed in early 1998. By then,
however, the IWTS design had been completed, and the system was being fabricated.
Furthermore, these studies sampled only nine canisters, recovered extremdy small volumes (from
2510 27.0 milliliters), and provided informetion of little value for safety andysis and design
verification. Nevertheess, results from these samples are ingructive since the analysis did
attempt to determine the particle size distribution. In contrast with the dudge in the K-East
Basin, mogt of the particles in the canister dudge in the K-W Basin arelessthan 1 micron in
diameter. Thus, the IWTS may experience decreased efficiency in separating these small
particles from the water, and the basin clarity could adversaly affect operator efficiency and
increase dose rates to the workers.

4.6.2 Preoperational Tests

A timely and effective test program to support design and safety andlysis isimportant to
project success. The preoperationd testing program for the SNFP was formally organized and
directed by the operations organization. It was managed by the Startup manager, with supporting
roles played by staff from the operations, engineering, and congtruction organizations. This Joint
Test Group provided technicd review and gpprovd of dl test plans and results. Each fecility (K-
Basins, CVDF, and CSB) had a dedicated test director tasked with ensuring that testing was
conducted within procedura requirements and that al testing objectives were met. In addition,
each system had a dedicated design authority assgned by the engineering organization to ensure
that test specifications were correct and test objectives were met. Each test was developed and
conducted by a startup engineer working in conjunction with the syssem design authority. The
overdl testing program was well conceived, but somewhat complicated. This resulted in some
misunderstanding regarding individual responghilities when rapid recovery actions were required
(e.g., recovery actions following cessation of testing due to failed components or the resolution of
test deficiency/noncompliance reports). As an example, the IWTS booster pump was failing
continudly in the automatic mode of operation. The project eected to operate the IWTS system
in manua mode to support continued testing, including the gart of the Readiness Assessment for
hot operations during the Phased Startup Initictive.

The aggressive schedule resulted in less than adequate rigor in certain aspects of the test
program. To maintain the schedule when mechanica problems occurred during testing in the
CVDF, test plans were modified routingly instead of repairing the faulty components and
resuming the original test procedure. This approach to testing components and subsystems
individudly is problematic unless afull system test is eventudly completed. An integrated Bay 4
and 5 preoperationd test was performed, demonstrating full operationa capability prior to the
Operationa Readiness Reviews.
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4.7 WORKER PROTECTION PROGRAM

In previous discussons with SNFP personnd, the Board' s staff raised an issue involving
potentia radiation exposure to facility workers due to a possible spray lesk from the IWTS,
Similar issues existed with regard to hazards to facility workers from other potentia events, such
asarunaway thermd reaction. The dose to workers at 100 meters for a runaway therma reaction
in the K-Basins was cd culated to be as high as 6 roentgen equivaent man cumulative effective
dose equivdent. Although a definitive cdculation of the dose to workersindgde the K-Bagin
building is not required, a quditative estimate of the potentia exposure of workers would be
expected as part of an activity-levedl hazard andysis. Since the hazard analyses reviewed by the
Board's saff do not address qualitative estimates of the potential exposure of workers for these
events, the staff was concerned that appropriate and adequate controls for the protection of
workersin the K-W Basin had not been identified.

These concerns were discussed with representatives of the project during site visits by the
Board's staff on October 3-4 and 11-12, 2000 and during a tel ephone conference on October 16,
2000. Theissueswere resolved in a November 3, 2000 DOE letter to the Board (Huntoon, 2000),
as noted below.

The contractor Sated that the flanged joints on the backwash piping are now fitted with
lead shield blankets, which will prevent aerosol from dispersing into the air in the event of a spray
leak from the joints. Although the contractor maintains his position that a rapid oxidation
reaction that could result in arunaway thermd reaction in the K-W Basin is beyond extremely
unlikely, certain defense-in-depth measures have been implemented to provide additiona
protection for the workers. Specificdly, the contractor is locating additional Continuous Air
Monitor darmsin the K-W Basin in work areas where potential runaway thermd reactions could
occur in order to provide an early as possible warning to the workers. Training programs on
uranium oxidation and consegquences of a hypothetica runaway therma reaction are being given
to K-Basin workers, with emphasis on prudent measures to minimize risk in the event of a
runaway therma reaction. In addition, an emergency action plan will address recovery of
operations in the event that operations are suspended due to arunaway thermd reaction.
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5. FEEDBACK AND CONTINUOUSIMPROVEMENT

The work involved in the basic Integrated Safety Management function of Feedback and
Improvement, asit is applied to the design and construction phase, encompasses those activities
that evauate, identify, and incorporate good practices and lessons learned during the design,
procurement, ingtallation, and testing of safety-related SSCs.

5.1 PHASED STARTUP INITIATIVE

In DNFSB/TECH-17, the Board' s staff suggested that an early test of the FRS and the
IWTS in the K-Basins would provide vauable information before the start of production
processing. In 1999, the project established a Phased Startup Initiative (PSl) to provide limited
hot operationswith SNF. The objective was to provide system optimization, design verification,
and an opportunity to enhance operator proficiency. Following the completion of dl testing, SNF
removed from canisters was to be returned to these vessals and placed back into storage racks,
awaiting authorized production operations.

During 2000, extensive delays in completing preoperationa testing resulted in
modification of these objectives. Initid operations will involve decapping, washing, sorting, and
loading of alimited number of intact SNF dementsinto fuel baskets in the loading queue. Once
the project has completed all ORRs and hot operations have been approved, these baskets will be
loaded into the first Multi-canister Overpack. Unfortunately, since the canisters being selected
contain as little dudge and/or scrap as possible, the origind objective of thisinitiative—to test the
design assumptions of the FRS and IWTS—cannot be redlized. The phased sartup initiative was
vauable in demongtrating readiness to operate these new systems, athough the added vaue of
early experience with deteriorated fuel was not achieved.

5.2 DESIGN REVIEWS

The conventiona approach to anew project isto finish the preliminary design phase when
approximately 30 percent of the design has been completed, and to have an in-depth design
review before initiation of the find design phase and the start of congruction. The preiminary
design should dso include a Priminary Safety Andysis Report and an independent project cost
esimate. The SNFP did not use this conventiona approach, but rather, as described in Section
4.1, used a phased SAR approach in which preiminary sections of the SAR were written and
approved in time to support congtruction of facility structures, procurement of equipment, and
inddlation of sysemsin the facility. Asaresult, the early overview and integration of the
complete project suffered, which subsequently caused additional delays and costs.

During the past 4 years, DOE-RL and the contractor, supported by numerous outside
consultants and committees, conducted atotal of more than 200 design and process reviews.
Unfortunately, many of these mini-reviews failed to do a thorough job of identifying inadequate
design features. For example, areview of the IWTS during startup testing reveded the absence
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of pressure relief devicesin the particulate settler vessds. Considerable delay was experienced
while the vessels were modified to include rupture disks. In the CVDF, the design did not cdll for
safety-related dampers in the ventilation sysem. When the ventilation system was tested, the
ingtalled dampers could not maintain the required leaktightness and had to be replaced, resulting
in added delay in the critical path schedule.

5.3 TEST PROGRAM EXPERIENCE

The project has experienced sgnificant problemsin trangtioning from construction to
operations. Difficultiesin conducting congtruction acceptance testing and preoperationd testing
resulted in repested schedule delays and delayed confirmation of the ability of the facilitiesto
perform as designed. For example, significant delays occurred during accelerated testing of the
PSI (see Section 5.1), even after facility operations commenced. Some the causes of these delays
included:

Discovery of faulty equipment ingtdlation.

Design and/or manufacturing flaws.

Poor congtruction engineering and project engineering.
Software development issues.

Problems with conduct of testing/operations.

Lessons learned from this testing program may not have been shared effectively acrossthe
Hanford Site and with other sites. For example, the project’s preparation of test summary reports
only for safety-class SSCs prior to the ORR may result in the loss of valuable information for
other systems. For other than safety-class SSCs, each design authority reviews the raw test data
to determine system/component fitness. This approach islikely to lead to wesknessesin the
dissemination of lessons learned from the testing program because the personnd assigned to the
testing organization are largely subcontractors, many with no long-term commitment to Hanford.
Although test report summaries are expected to be completed for al SSCs, there is no provision
for compiling and disseminating vauable input from the testing organizations.

54 INTEGRATED SAFETY MANAGEMENT SYSTEM VERIFICATIONS

In January 1998, DOE-RL completed a Phase | verification of the contractor’s ISM
System and of the K-Basinsfacility ISM System. On the basis of the number and extent of the
gaps identified by both the contractor and the DOE 1SM review team, the contractor’s ISM
System was not considered to be adequately indtitutiondized at that time.

Significant progress was made in implementing ISM in the project, and in November
1999, DOE-RL completed a combined Phase I/I1 ISM System verification of the K-Basins, the
CVDF, and the Canigter Storage Building. The Board' s Saff observed this verification. The
verification team found that the ISM System Description for the SNFP of September 9, 1999, met
the requirements of DOE Acquisition Regulations clause and DOE management direction for
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work activities conducted at the K-Basins. However, the team identified issues regarding
implementation of 1SM requirements at construction projects that needed to be addressed. In
addition, the team recommended that the DOE-RL manager consder ISM to be implemented
once the following items have been addressed:

I Define roles and responsbilities for safety while trangtioning the congtruction
projects to operationd facilities.

1 Deveop and implement a Chemica Management Program.

Asthe project nears completion of construction and preoperationa testing and prepares
for operations using SNF, the ISM System is being indtitutiondlized for the SNFP facilities. The
find reports of the DOE ORR will include a statement regarding the team leader’ s assessment of
the adequacy of the implementation of the core functions and guiding principles of ISVI
addressed by the ORR.
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6. CONCLUSIONS

Onthe basis of itsreviews of design and congtruction activities and of the associated
safety documentation, as well as extensive interactions with the staffs of DOE-Headquarters,
DOE-RL, and the SNFP contractors, the Board' s saff has reached the following conclusions,
subject to satisfactory completion of ORRS:

1

On the basis of itsreview of the K-Basin SAR regarding the SNFP modifications to
the K-West Basin, the Board' s staff concludes that the design accounts for gppropriate
hazards and provides hazard controls to prevent and mitigate the identified design

basis accidents (see Section 3.2). The staff believes the design features, coupled with
adminigtrative controls, provide adequate assurance that the K-West Basin can be
operated in a manner that adequately protects the public, workers, and the
environment from potentia hazards.

Onthe basis of itsreview of the MCO Topica Report, the Board's staff concludes that
the design of the MCO provides arobust container for extended storage of fue in the
CSB (see Section 3.3). Congtruction of the MCO with code stamping to the
requirements of the ASME Boiler and Pressure Code, Section 111, Class 1 (American
Society of Mechanica Engineers, 1998), resultsin alevd of qudity equivadent to that
found in pressure vessals for commercid nuclear reactors. The MCO can be used as
intended in a manner that provides adequate protection of the public, workers, and the
environmen.

The Board' s s&ff has identified no safety issues with the CTS, as described in the
SARP and reviewed in the SER (see Section 3.4). Use of the CTS with robust MCOs
will be alimited campaign over aredricted route. The trangport time limitations
associated with potentia pressure buildup are addressed in Section 3.2.2.2.

On the basis of itsreview of the CVDF hazard andyses as described in the FSAR,
including Annex B, and the associated SERS, the Board' s staff concludes that the
CVDF, as designed, can be operated in a manner that provides adequate protection of
workers, the public, and the environment from potential hazards (see Section 3.5).

On the basis of itsreview of the CSB hazard andyses as described in the FSAR,
including Annex A, and the associated SERs, the Board' s staff concludes thet the
CSB, as designed, can be operated in a manner that provides adequate protection of
workers, the public, and the environment from potential hazards (see Section 3.6).

The valuable lessons learned on this project in areas such as quality assurance,
preoperationa testing, phased SAR preparation, and design reviews (see Sections 4
and 5) should be applied to the ongoing project efforts for the K-East Basin. They
should aso be documented for application to other projects throughout DOE’ s defense
nuclear complex. 6-1



GLOSSARY OF ABBREVIATIONSAND ACRONYMS

ANSI American National Standards Indtitute
ASME American Society of Mechanica Engineers
Board Defense Nuclear Facilities Safety Board
BPVC (ASME) Boiler and Pressure Vessd Code
C centigrade

CFR Code of Federd Regulations

CLS Cask Loadout System

CSB Canigter Storage Building

CSE Criticdity Safety Evauation

CSSG Criticdity Safety Support Group

CTS Cask Trangportation System

CVDF Cold Vacuum Drying Fecility

DCs disgtributed control system

DG diesdl generator

DOE U.S. Department of Energy

DOE-RL Department of Energy’ s Richland Operations Office
ERO Emergency Response Organization

F Fahrenheit

FHA fire hazard andysis

FRS Fud Retrieva System

FSAR Fina Safety Andyss Report

HEPA high-efficiency particulate air (filter)

HVAC heating, ventilation, and air conditioning (system)
HWVP Hanford Waste Vitrification Project

|EEE Ingtitute of Electrical and Electronics Engineers
IPSS Immersion Pall Support Structure

ISM Integrated Safety Management

IWTS Integrated Water Treatment System

IXM ion exchange module

K-E K-East (Basin)

Ker effective multiplication factor

kV kilovolt(s)

kVA kilovolt-amperes

kW kilowatt

K-W K-West (Basin)

MCNP Monte Carlo N-Particle

MCO Multi-canister overpack

MCS monitoring and control system

MHM MCO Handling Machine

NFPA Nationa Fire Protection Association

NPH naturd phenomena hazard
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NRC
ORR

PCM
PSI
psi(9)
Pu240
PUREX
PWCS
rem
SAR
SARP
SCIC
SER
SNF
SNFP
SSCs
TSR
UPS

VPS

Nuclear Regulatory Commission
Operationd Readiness Review
Performance Category

Primary Cleaning Machine

Phased Startup Initiative

pounds per square inch (gauge)
plutonium-240

P utonium/Uranium Extraction Fecility
Process Water Conditioning System
roentgen equivaent man

Safety Analysis Report

Safety Analysis Report for Packaging
Safety-Class Ingrumentation and Control (System)
Safety Evauation Report

spent nuclear fue

Spent Nuclear Fudl Project
structures, systems, and components
Technicd Safety Requirement
uninterruptible power supply

volt

Vacuum Purge System
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