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EXECUTIVE SUMMARY

This Safety Analysis Document (SAD) defines hazards associated with operation of the

K West Basin integrated water treatment system (IWTS), documents the safety analysis, and

identifies the need for controls to ensure safe operation of the IWTS equipment. The SAD

provides the K West Baain IWTS safety basis in support of the revisions of the KBasin Safety

Arzdysis Report (SAR)l, technical safety requirements (TSR), and the K Basin safety equipment

list. This SAD is part of the package of material provided to the U.S. Department of Energy

(DOE) in support of Critical Decision 3B. Preoperational testing, startup, and operation of the

IWTS equipment will be authorized based on DOE review and approval of the revised K Basin

SAR. The K East Basin will be addressed in a separate document.

E.1 FACILITY BACKGROUND AND MISSION

The K Basins are located on the south bank of the Columbia River near the north end of the

Hanford Site. The K Basins, built in the early 1950’s, are two large basins for underwater storage

of irradiated fuel produced by the K Reactors. K Reactor tie] stored in the basins was shipped

for processing to the 200 East Area atler the reactors were shut down in the early 1970’s.

lDESH, 1998, K Basins Safety Analysis Report, WHC-SD-WM-SAR-062, Rev. 3C,

DE&S Hanford, Incorporated for Fluor Daniel Hanford, Incorporated, Ricbland, Washington.
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The K Basins presently store a large quantity of N Reactor spent nuclear fuel (SNF), which

has been deteriorating for many years. The SNF Program was formed in 1994 to manage the

2130 metric tons of SNF located in various Hanford Site facilities. The recommended path

forward2 requires removing the spent tlrel from the K Basins and placing it in interim dry storage

at a new facility on the Site. The IWTS Subproject was established to provide the equipment

necessary to support retrieving, cleaning, and loading the SNF in multi-canister overpack (MCO)

baskets. The scope of the IWTS analyzed and addressed in this document is limited to the

K West Basin. This scope is defined in the Speczflcation for Design, Fabrication, Testing, and

Technical Assistance for the K West Basin Water Treatment System’.

E.2 FACII.JTY OVERVIEW

The K Basins Safety Analysis Report’ provides descriptions of the K East and K West Basin

storage facilities. The facilities consist of the two fuel storage basins (K East and K West) and

related support facilities. Table E-1 of the K Basins SAR] lists the buildlngs and facilities that

support the K Basin firel storage mission. Inactive buildings are the responsibility of the

Environmental Remediation and Restoration contractor.

‘WI-W, 1994, Hanford Spent Nuclear Fuel Project Recommended Path Forward
WHC-EP-0830, Westinghouse Hanford Company, Richland, Washington.

3Bergsman, K. H., 1998, Spec@ation for Design, Fabrication, Testing, and Technical
Assistance for the K West Basin Water Treatment System, WHC-S-0564, Rev. 1A, DE&S
Hanford, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.
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The IWTS filters water from the fiel retrieval system (FM) operations and maintains basin

water qualhy for dose minimization and water clarity. The IWTS supplies treated water for fuel

removal processes and other uses in the basin. Major components of the IWTS include the

following:

. Submerged pumps and intake interfaces

. Filtration units (knockout pots, particulate settlers, annular filters)

● Ion exchange modules.

The following water treatment system and facility systems will be modified as part of the IWTS:

. Baain recirculation (interface)

. Skimmer loop (interface)

. Treated water supply and demineralized water makeup

● Monorail above the knockout pots

● Tie-into the existing K Basin electrical system

● Transfer area arrangement.

E.3 FACILITY HAZARD CLASSIFICATION

The hazard classification for K Basins fuel storage in the 1OO-K Area of the Hanford Site

has been established and documented in the K-Basins Fuel Encapsulation and Storage Hazard

SADO02R2.FT1 ES-v June 1998
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Categorization’. This hazard categorization addressed the potential for release of radioactive and

nonradioactive hazardous material located within the K Basins and their supporting facilities. The

analysis revered normal K Basin fiel storage and handling operations, tie] encapsulation, and

canister clean-up and disposal. The K Basins are hazard category 2 facilities. As shown in the

Hazard Categorization for K West Integrated Water Treatment System’, the K West lWTS does

not change the existing K Basins hazard category.

E.4 SAFETY ANALYSIS OVERVIEW

This safety analysis considers potential releases of radioactive and hazardous material during

normal and accident conditions. The hazard identification process systematically and thoroughly

reviews the IWTS design and operations to identifi hazards and select accidents and abnormal

operations for firther review. Hazards with the highest potential risk or consequences were

chosen for accident analysis.

In the accident analysis, the unmitigated onsite and offsite dose consequences for the release

of radionuclides were calculated. The unmitigated dose consequences were compared to the risk

evaluation guidelines to establish the need for prevention and mitigation. Mitigated consequences

4Porten, D, R., 1994, K-Basins Fuel Encapsulation and Storage Hazard Categorization,
WHC-SD-SNF-HC-001, Rev. O, Westinghouse Hanford Company, Riclrland, Washington.

5Semmens, L. S., 1997, Hazard Categorization for K West Integrated Water Treatment
System, HNF-SD-SNF-HC-O 13, Rev. O, DE&S Hanford, Incorporated for Fluor Daniel Hanford,
Incorporated, Richland, Washington.
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were compared to the risk evahration guidelines. Tables ES-1 and ES-2 list the accidents and

mitigated consequences associated with the IWTS installation and operation.

As a result of the hazards analysis, preventative and mitigative features and administrative

controls have been identified. Safety class design features include the knockout pots, knockout

pot screens, particulate settler vessels, and annular filter vessels. All safety class features are

passive. The filter vessel radiation monitoring system is the only safety-significant structure

system or component identified for the IWTS.

Table ES- 1. Desirer Basis Accident Summary

rSection and accident

L
3.4.2.1 Spray release
from strawn 9 (beester
pumpto annularfilter
vessel)

3.4.2.2 Spray release
from stream 10 (filter
backwash) maximums

3.4.2.3 Fker vessel
hydrogen deflagation

3.4.2.4 Filter vessel fuel
oxidation

I Cmseauences rem EDE (Sv)

‘requencyper Onsite I Near river bank Hanford Site boundary
vear (100m) (480 m) (12.040 m)

+

Less than 1.59 E-01
1.0 E-02 (1.59 E-03)

(unliiely)

Less tllrm 8.43 E+OO
1.0 E-02 (8.43 E-02)

(unlikely)

3.3 E-06 2.04 EM31
(extmrrely (2.04 E-01)
unliielv)

5.8 E-06 1.18 E+OI
(extremely (1. 18 E-01)
unlikelv)

+=b-i=k
25 5.99 E-01 NA 9.97 E-03 0.5

(5.99 E-03) (9.97 E-05)

25 5.26 E-01 NA 2.46 E-02 0.5
(5.26 E-03) (2.46 E-04)

10 2.02 E-02 NA 3.36 E-04 0.5
(2.02 E-04) (3.36 E-06)

EDE = effective dose equivalent
NA = not applicable.
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Table ES-2. Beyond Design Basis Accident Summary.

Conseqrremxs, rem EDE (Sv)

Section and accident Frequency per year Onsite
Near river Hanford Site

(100m) bd
boundary

(480 m) (12,040 m)

3.4.3 Seismic event (fuel bum when Beyond extremely Note 2.50 EtOO
water leak uncovers two top particulate unlikely (2.50 E-02)
settlers)

Note Post-earthquake releasss occurring several days atler the initiating event do not represent a risk to
unprotected onsite rsceptors or to near-river occupank.

EDE = effective dose equivalent.

E.5 ORGANIZATIONS

As a subcontractor to Fluor Daniel Hanford, Incorporated, DE&S Hanford, Incorporated

(DESH) is responsible for K Basin operations and the IWTS Subproject. Chem-Nuclear Systems,

Inc., is the IWTS design agent. Principle IWTS vendors include the following:

● Fluor Daniel Northwest, Inc.

● Los Alamos Technical Associates

. Waste Management Federal Services, Inc., Northwest Operations

E.6 SAFETY ANALYSIS CONCLUSIONS

This SAD provides information to support the conclusion that proposed installation and

operation of the IWTS equipment and related K Basin facility modifications are in compliance
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with DOE and other agency rules, regulations and orders, and can be performed with acceptable

risks to the public and onsite personnel.

The accidents analyzed include spray releases, hydrogen deflagrations, fiel oxidations,

critically events, and drop accidents. where the unmitigated consequences of these accidents are

not acceptable, safety class or safety significant design features and/or administrative controls

have been implemented to prevent or mitigate the hazard.

Installation testing will not include handling any SNF. The scope of installation testing to be

authorized is sufficient to ensure that the equipment is installed as specified and that the

equipment and controls function,

E.7 SAFETY ANALYSIS DOCUMENT ORGANIZATION

This SAD has been prepared following the guidance contained in DOE-STD-3009-94,

Preparation Guide for U.S. Deparbnent of Energv Nonreactor Nuclear Facili~ Safety Ana@is

Report&. The structure and content of the SAD, its chapters and appendixes parallel the format

delineated in that standard.

6DOE, 1994, Preparation Guide for U.S. Depanlnent of Energy Nonreactor Nuclear
Fucili@ Safety Analyis Reports, DOE-STD-3009-94, U.S. Department of Energy, Richland

Operations Office, Ricbland, Washington.
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E.8 OUTSTANDING ISSUES AND DESIGN STATUS

This section provides identification of unresolved issues and gives an indication of the

current status of the design. Aa the remaining issues are resolved and the design is completed, the

configuration of the safety basis will be maintained, The revised K Basin SAR will reflect the final

design.

IWTS desi~ equipment procurement, and preconstruction activities in the K Basin were

approved by the DOE based on Critical Decision 3A. The preconstruction modifications include

weasel pit cleanout, ion exchange module relocation, and piping and electrical installation.

Installation of the remaining IWTS equipment and installation testing will be approved by the

DOE based on information provided for review during the Critical Decision 3B process. This

SAD is part of the package of material provided to DOE in support of Critical Decision 3B.

The following list summarizes the risks associated with approval of installation of the IWTS.

. Drops of equipment during installation. These drops have been evaluated to

demonstrate that equipment drops will not result in leakage from the basins.

. Potential changes in the design of the IWTS equipment. The safety analysis and the

design are sufficiently complete and conservative to minimize the risk associated with

changes to the IWTS equipment or the safety analysis after installation has occurred.

The design change control process provides reasonable assurance that any changes will

SADO02RZ.IW ES-x June 1998
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be adequately reviewed to ensure that the change meets the safety analysis

requirements.

As of May 1998, an issue is outstanding regarding the addition of “polishing filters” to the

IWTS. Operational experience may result in polishing filters being added to maintain the clarity

of the basin water. If the polishing filters are added, additional hazards and safety analyses will be

performed, which may identi~ TSRS or other controls to be applied to MS operational

activities.

Table ES-3 provides a status of tbe IWTS design and procurement as of May 1998. This

table demonstrates that the risk of significant design changes is small.

The following two recently closed K Basin unreviewed safety questions (USQ) have some

impact on IWTS equipment installation or installation acceptance testing.

. Basin Perforation Issue (USQ K-97-0175). The intent of the weight–height Iifthg

restrictions imposed to prevent fracture of the basin floor is met by IWTS.

. Basin Drain Valve Issue (USQ K-97-0265). IWTS equipment and operations are

over or in close proximity to basin drain valves in two cases. One case is the weasel

pit, where the particulate settlers are located. The issue involves clean out of the

weasel pit, settler instrdlatio~ and operation. The second case is along the north wall

of the basin where three drain valves are located. The IV/TX project will be installing

S’4DO021U.F’T1 ES-xi June 1998
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flexible hose along the Iength of the north wall above the location of the three drain

valves. Resolution of the weasel pit clean out issue will be addressed by hazardhfety

evahration of the clean-outwork package and USQ determination subject to required

approvak in accordance with Drain Valve Just@.wtion for Continued Operation

(JCO), DOE Ietter 98-SFD-0637. Resolution of the issues for installing the settlers

and flexible hosing will be addressed by the closure evaluations for the JCO.

Table ES-3. IWTS Design and Procurement Status.

IWTS equipment Design status Pmmrenlent status

Submerged pllnIpS Complete CNS prCCWd - i.rsed in FAT

Knockout pot Refining deAgP of internal features based Proto@ used in FAT
on results of FAT

Particulate settkrs Complete for settlers, structural support CNS fabricated particulate settlers -
mcditicatiom are in progress for drop and used in FAT
weasel pit seismic considerations

Bwster plllllp Complete CNS pKWUd - used in FAT

Annular filter vessels Complete CNS fabricated - used in FAT

Ion exchange mcduies Complete (same as existing) Prccured, initial inventory on site

P]Ping and hoses Complete CNS fabricatipmxmred - used in
(witi exception of discharge FAT
piping)

P]ping and hoses Complete Being fabricated on site
(discharge piping and
connections)

Rnockout pot Ming hcok In progress - key dimensions established Not prOCllK?d

Instrumentation and control Complete except for annular filter vessel CNS prccured (except for the radiation
radiation monitor monitor) - used in FAT

Air sparge vent Preliminary design complete Not procured

Annular faltervessel enclosure Complete Being fabricated 1

CNS = Chem-Nuclear SyS&tlS, Inc.
FAT = factory acceptancetest

7 Wagner, J. D., 1998, Approval of K Basim Safety Analysis Report (SAR)
WHC-SD-M4-SAR-062, Revision (Rev.) 3B and KBasins Technical Safety Requirements (TSR),
Rev. O-B, letter 98-SFD-063 to H. J. Hatch Fluor Daniel Hanford, Inc., dated March 20, 1998,

U.S. Department of Energy, Richland Operations Office, Richland, Washington.
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Documents that provide source information for the safety analysis and/or implementation of

safety criteria are identified in Table ES-4. Table ES-5 identifies the drawings used to define the

physical configuration of the IWTS. In both tables, the “STATUS” column identifies the revision

(Rev O, 1,2, etc.) with unreleased documents indicated as dratl. The status identified is for

May 1998.

SADLX2R2.PT1 ES-xiii June 199S
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Table ES-4. Source and Implementation Documents.

Document status

EDT 621526, K West IWTSDesign Report and K West IWTSDesign Drawings Rev. O

Technical Information and Calculations to support IWTS Desi@ and Installation (currently &at?
umelessd)

HNF-SD-SNF-TI-059, A Discussion of the MethodoIogyfor Calculating Radiological and Rev. O
Toxicological Consequences for the Spent Nuclear Fuel Project at the Hanford Site

KNF-SD-SNF-FHA-001, Fire Hazarak Analysis for the K Basins Facilities at IOOKArea Rev. 1 (drat?)

WHC-SD-NR-CSER-O 11, Criticality Safety Evaluation of the 100K Area Ion Exchange Modules Rev. 1
and Ion Exchange Columns

HNF-SD-SNF-CSER-O 11, Criticality Safety Evaluation Repoi+for the K West Basin Integrated I Rev 1
Water Treatment Svstems. Subwoiect A.9 I

HNF-SD-SQA-CSA-530, CSER 97-005: Feasibilip .%@v of the Criticality Safety of the Rev. O
100 KEast Basin Wea.selPitforFuel Reti+evalSludge

HNF-SD-SNF-CN-O06, Evaluation of RadioJlic Gas Generationfrom Water Dissociation in a Rev. O
Multi-Canister Overpack

K West IWTS Interface Amement Sheets I approved I

WHC-SD-SNF-HC-001. K-Ba.sin$Fuel Encamdation and Stora~e Hazard Categorization I Rev. O I

WHC-SD-NR-CSA-O03, K Basin CriticaliIYAccident Analysis Rev. O

HNF-SD-SNF-HC-013, Hazard Categorization forK West Integrated Water Treatment System Rev. O

HNF-SD-SNF-RD-001, SNFKBa.sins and Cold Vacuum Diying Facility Standard I Rev. 1

ReauiremenL.$Identification Document I
HNF-1 777, K West Basin Integrated Water Treatment System (TWTS) E-FAnmdar Filter Vessel Rev. 3
Accident Calculations

HNF-1778, K West Basin Integrated Water Treatment System (IWTS)Spray Leak Accident Rev. 2

Caiculatiom

HNF,2862, K West Basin Integrated Water Treatment System Ion Exchange Module, Particulate
I

Rev. O

Settler. and Knock-Out Pot Accidents I

WHC-SD-SNF-FRD-023, Functions andRequirements for KBasin Tran.sferBW Cranes - Rev. O
Project A.S-A.6

WHC-SD-WM-SAR-062,KBasins Safety Analysis Report I Rev. 3C I

HNF-SD-SNF-T1-O09, 105-KBasin Material Design Basis Feed Description for Spent Nuclear Rev. I

Fuel Project Facilities

WHC-SD-NR-ANAL-014, Consolidated Fuel Decay Heal Calculations Rev. O

HNF-S-0564, Speci)cation for Design, Fabrication, Testing, and Technical Support for the Rev. 1A
K WestBasin Water Treatment System
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Table ES-5, IWTS Equipment Design Drawings.

Dcmment Statua

H-1-83301, KW Fuel Storage Basin WTS Process Flow D@rarn Working (nominal) Values and

(*ati) Maximum Values, sheets 1-2

Rev. O

H-1-80550, KW Fuel Storage Bsain WTS P & ID Fuel Retrieval pumps, Knock-out Pot, Settkr, Rev. I
and Booster pUUIP,sheet 8

H-I-80550, KW Fuel Storage Basin WTS P & ID Filtration System, sheet 9 Rev. 1
1

H-1-80550, KW Fuel Storage Basin WTS P & ID IXM System, sheet 10 Rev. 1

H-1-g0550, KW Fuel Storage Baain WTS P & ID Diahibution System, sheet 11 Rev. 1

H-l-833 10, KW Fuel Storage Basin WTS General Arrangement Plan Views, sheets I-2 Rev. O
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1.0 SITE CHARACTERISTICS

Site characteristics are described in WHC-SD-WM-SAR-062, K Basins Safety Analysis
Report (DESH 1998). Implementing the integrated water treatment system (IWTS) does not
change the K Basin site characteristics because the IWTS is located completely within the
K Basins and is covered by the existing description.

The only design basis natural phenomenon identified in the K Basin SAR that applies to
the IWTS is the design basis earthquake.

REFERENCE

DESH, 1998, KBasins Safety Analysis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S
Hanford, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.
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2.0 FACILITY DESCRIPTION

2.1 INTRODUCTION

This chapter describes the K West Basin integrated water treatment system (IWTS)
equipment and processes. The K East Basin IWTS will be addressed in a separate document.
WHC-SD-WM-SAR-062, K Basins Safety AnaIysis Report (SAR) (DESH 1998), describes the
K Basin facilities and processes.

2.2 REQUIREMENTS

The facility standards and criteria that apply to the IWTS subproject are found in

HNF-SD-SNF-RD-001, SNF K Basins and Cold Vacuum Drying StanakrrdRequirements
Zdentz@cation DoWment (Watson 1998). The specific standards and requirements that apply to
the IWTS equipment are found in HNF-S-0564, Specification for Design, Fabrication, Testing,
and Technical Assistance for the K West Basin Water Treatment Systems (Bergsman 1998).

2.3 FACILITY OVERVIEW

The IWTS is located in the 105K West Basin and transfer areas and is totally enclosed

within the existing K Baiin structures. The K Basins SAR (DESH 1998) contains an overview of
the K Basin facilities.

2.4 FACILITY STRUCTURE

The IWTS pumps, knockout pots, and settler vessels are supported by the K West Basin
floor. The filter vessels, ion exchange modules (MM), and booster pump are supported by the
K West Basin transfer area floor. Figure 2-1 shows the general location of this equipment within

the K West Basin structure. The K Basins SAR (DESH 1998) describes these K Basin structures.

2.5 PROCESS DESCRIPTION

This section describes the IWTS equipment and operation. The IWTS maintains basin

water qualky during fiel retrieval and removal activities. The IWTS filters and treats the basin
water to minimize dose and maintain water clarity. It also supplies treated water dkectly to the

basin and to tie] removal processes in the basin. This system interfaces with the existing basin
water treatment system associated with current fiel storage operations. The IWTS project
features accommodate the increased radionuclide particulate and dissolved solids expected during

fuel removal operations.
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The IWTS treats the basin water by filtration and ion exchange. Basin water enters the

IWTS through submerged pumps that provide suction to the areas where operations such as fiel
retrieval system (TRS) canister decapping and tirel cleaning disperse sludge into the basin water.

Other IWTS input streams include basin water from existing recirculation pumps, basin water
returned by truck from the Cold Vacuum Drying Facili~ (CVDF) and basin water from existing

skimmer pumps for periodic backwash. The ITWS nominal flow rate is 20 L/see (320 galhnin)
with minimum required input flow rates horn the following FRS operations.

. Canister decapper (4.4 LLsec [70 galhnin), continuous)

. Primary clean machine (5 L/see [80 galhnin], continuous)
o Process table (9.5 L/see [150 galhnin], continuous).

Other IWTS input flows include the following:

. Recirculation pump flow (20 L/see [320 galhnhr], intermittent)
● Cold vacuum drying water return (3.8 L/see [60 galhnin], intermittent)
. Skimmer loop for backwash (9.5 L/see [150 galhnin], intermittent.

Treated water from the IWTS is supplied to the distribution header for delivery to the

following basin users as required to meet operational needs.

. Multi-canister overpack (MCO): south Ioadout pit flush (13 L/see [200 galhnin],
continuous)

● MCO: cask rinse (O-1 L/see [0-15 galhnin], intermittent)

● Fuel retrieval system operations (4 L/see [60 galhnin], continuous)

. Dkcharge chute flush (2 L/see [30 galhnin], continuous)

. Debris processing: pump supply (2 L/see [30 galhnin], continuous)

e Debris processing: equipment flush (1 L/see[15 gal/rein], intermittent)

. Sludge removal: sludge line flush (O-3 L/see [0-50 grdhrin], intermittent)

. Excess water removal (O-5 L/see [0-80 galhnin], intermittent).

Water in the basin is managed using a closed-loop system. Most water is circulated

through the treatment system and returned to the basin users. Water that exceeds the needs of the

basin users is returned to the basin via the south loadout pit at higher than required flow rates.
The existing basin recirculation system will operate to cool the basin water and circulate it

throughout the basin.

The new K West Basin IWTS subproject equipment and inte~aces consist of the following

subsystems:
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. Submerged pumps and intake interfaces

● Filtration units (safety-class knockout pots and associated safety-class screens,
safety-class particulate settlers, safety-class annular filter vessels and associated

safety-significant radiation monitor)

. IXMS (same design as currently in use in basin)

. Basin recirculation (interface with existing system)

. Skimmer loop (interface with existing system)

● Treated water supply and demineralized water makeup

● Excess water removal.

The arrangement of equipment in the basin and transfer area is shown in F&ures 2-2 and 2-3.
Additional details for these subsystems and interfaces, prepared by the design agent, Chem-
Nuclear System, Inc., are available in the K West IWTS design report and design drawings
(Bergsmarr 1997). Bergsman (1997) lists the layout drawings, flow diagrams, and piping and
instrumentation diagrams that describe the K West Basin IWTS and its interfaces with related

systems such as the CVDF, fhel retrieval, plant air, and skimmer systems, The K Basins SAR
@ESH 1998) describes the other K Basin processes.

2.5.1 K Weat Basin IWTS Equipment Description

This section describes the major equipment associated with the IWTS.

2.5.1.1 Submerged Pumps and Intake Interfaces. Three stainless steel submerged pumps and

underwater hoses support the FRS. The intakes for these submerged pumps, which provide flow

to the IWTS filtration units, are designed to provide suction to FRS operations. The pumps,
located just above the fhel racks in the basin’s west bay, include the following:

. A unit mounted on the FRS primary clean machine

. A unit mounted on a stand located about 3 m (IO ft) southwest of the FRS primary

clean machine to support the FRS process table activities

. A unit mounted on a stand located about 3 m (10 ft) west of the FRS primary

clean machine to support the FRS canister decapping activities.

Flexible nonmetallic hoses connect the pumps’ discharge nozzles to a common header located in

the middle of the basin’s west bay. The header where the three pump flows join is stainless steel.
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Basin water is returned to the IWTS from the CVDF. The water is treated (filtration and

ion exchange) at the CVDF, then transfemed to a truck and returned to the PATS on the suction

side of the booster pump. This allows the water from CVDF to be pumped through the IWTS
filters and IXMs before being returned to the basin,

2.5.1.2 Filtration Units Filtration equipment includes a series of units that remove particulate
in graduated steps, These filtration units, described in sections 2.5.1.2.1 through 2.5,1.2,3 and

shown with nominal dimensions in Figures 2-4 through 2-7, include knockout pots for large
particulate, particulate settIers for mid-sized particulate, and annular filters for small particulate.
A booster pump located in the transfer area provides the increased pressure needed to raise the

process flow from the particulate settlers up to and through the annular filter vessels. Valved

connections in the system provide the capability to add filters if necessary.

2.5.1.2.1 Knockout Pots. The knockout pots, shown in Figure 2-4, are designed to a

critically safe geometry and constructed of 16-in. schedule 10 stainless steel pipe with a nominal
vessel height of 86 cm (34 in.). The overall height of the knockout pot, including the handling
fixture is approximately 138 cm (54 in.). The knockout pots are pressure vessels designed to the
requirements of Section VIII of the boiler and pressure vessel code (ASME 1995). The knockout
pots, located in the west bay of the basin, are submerged to take advantage of the shielding

provided by the basin water and are instrumented to monitor differential pressure between the
inlet and the outlet. The knockout pots provide criticality control. The knockout pots are

equipped with a screened outlet that captures particles with diameters larger than 500 ~m to
support downstream critically safety. The screens are designed to meet safety-class
specifications. Full knockout pots are stored underwater. Passive vents release any hydrogen
that builds up during storage,

The knockout pot design includes provisions for handling the pots with a Ming tool

similar to the existing canister handling devices.

2.5.1.2.2 Particulate Settlers, The particulate settlers, shown in F@sre 2-5, are located
in the weasel pit at the east end of the basin. The particulate settlers are pressure vessels designed

to the requirements of Section VIII of the boiler and pressure vessel code (ASME 1995), These

settlers, designed to a critically safe geometry, consist of an array of 20-in. diameter, schedule 10
stainless steel pipes 4.9 m (16 tl) long. The array is configured as 2 side-by-side stacks of 5 pipes
15 cm (6 in.) apart horizontally and vertically. A manifold is provided to everdy divide flow

among the 10 pipes. Each settler has a high-point vent manifolded together with other settler
vents and discharged through an air-water combination valve beneath the water surface. The

settler tubes are separated by saddle supports.

2.5.1.2.3 Annular Filter Vessels. The three 304 stainless steel annular filter vessels,
located in the transfer are% are designed to a critically safe geometry. The amular filter vessels
are designed to the requirements of Section VIII of the boiler and pressure vessel code
(ASME 1995). These vessels, shown in Figures 2-6 and 2-7, have a nominal 5 pm filtration

capability. These are deep-bed sand filters (mechanical filters) approximately 5.6 ~m(198 ft3)

each in volume. The vessels are located in a shielded enclosure above the water in the basin

transfer area. The IWTS filter vessels are similar to the large sand filter that has operated at the
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basin for many years and are passively vented in a similar fashion. Each annular filter vessel is

constructed of an inner and an outer tank. The purpose of the normally empty inner tank is
critically safety.

The filter vessels are sized for a cross-sectional flow rate of 200 L/rnirr/m2 (5 gal/rnirr/t12)

and a volumetric flow of 90 L/mirr/m3 (0.67 gal/minli13) with a nominal design flow rate of 7 L/see
(110 galhnin). These flow rates optimize filter efficiency and improve effluent quality. Each
vessel contains about 2.6 m3 (90 t13)of filter media. The filter media consist of fine sand and
garnet with a foundation layer of coarse sand to improve underdrain and backwash performance,
Normal flow enters the top of the filter vessels and exits the bottom.

The filter vessels have valves and flanges to allow for connecting compressed air for air
sparging. The IWTS system has the capability to add flocculent either upstream from the
knockout pot or the booster pump to optimize filtration and maintain pool clarity in support of

underwater work activities if necessary.

2.5.1.3 Ion Exchange Modules. The IWTS IXMS are identical to the IXMs previously used in

the basins and are described in section 2.6.2.2.4 of the K Basin SAR (DESH 1998). These
mixed-bed IXMs with associated control piping and valves are located above water in the basin

transfer area near the north load-out pit. Monitoring and control instrumentation include
conductivity and deferential pressure. Samplers are included at the common inlet and individual
outlet of the IXMs to provide reliable monitoring and control of transurarric loading. IXMS are
loaded with a mixture of cation and anion organic bead resins optimized to remove cesium and

other dissolved radlonuclides from the basin water. Piping connects the IXM discharge to supply

treated water to basin users including the MCO-cask load-out pit flush, fuel retrieval activities,
and dkcharge chute flush. The remainder of the flow capacity is available for other basin uses
described in section 2.5.

2.5.1.4 Basin Recirculation. The basin recirculation subsystem consists of existing pumps,
suction, discharge piping, and air-cooled chiller unit. Piping and fittings are added to enable part
of the recirculation pump flow to be directed to the new IWTS equipment. Valving is installed to
allow recirculation water from the recirculation pump to be directed through the filter and/or IXM

portion of the IWTS when the FIN is not operating, The recirculation system, described in the

K Basin SAR @ESH 1998), is required to maintain pool temperature. The portion of the flow
ffom the main recirculation header that is not diverted to the IXMS is discharged into the basin

using the existing piping.

2.5.1.5 Skimmer Loop. The existing skimmer loop subsystem draws water off the surtace of the

basin for treatment by the existing sand filter and LXM. The skimmer loop system is described in
the K Basin SAR (DESH 1998). Flow tlom the skimmer loop is used to provide water for
regeneration of the IWTS annular filter vessel bed. The water will be taken from the discharge

side of the skimmer pumps before it enters the filter.

2.5.1.6 Treated Water Supply and Demineralized Water. KM discharge water will be

supplied to the tlrel retrieval, cask–MCO load-out, sludge removal, and debris removal stations as
well as to the basin, Fresh demineralized water is introduced to the basin for a final rinse of the
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MCOS when they are removed from the basin. Any additional water needed by the system to

offset water loss from evaporation or removal of fuel and sludge will be supplied by the tlesh
demineralized makeup water subsystem.

2.5.1.7 Excess Water Removal. If required, excess treated basin water maybe removed

through the IWTS piping. Water maybe removed via a connection located in the transfer bay and

pumped to a tanker truck. The excess then water would be transported to the 200 Area Effluent
Treatment Facility.

2.5.2 IWTS Operation Description

The following sections describe the primary and secondary operations of the IWTS

system. Primary operations occur during fiel retrieval. Secondary operations include

backwashing, receipt of CVDF water, and maintenance of basin water quality.

A flow schematic of the K West IWTS is shown in Figure 2-8. This schematic depicts the
normal IWTS operations. The IWTS is designed for a 95 percent availability.

2.5.2.1 Primary Operations. During primary IWTS operation, three stainless steel submerged
pumps will provide suction from the FRS operations (canister decapping, primary clean machine,
and process table) adequate to ensure capture velocity requirements are met and provide flow to

the IWTS filtration units. To prevent the transfer of large particulate to the downstream sections

of the IWTS, the common pump header discharges to one of the submerged knockout pots
located in the west bay of the basin, The knockout pot is instrumented to monitor the differential

pressure between the inlet and outlet. As the flow passes through the knockout pot and screen,

particulate larger than 500 ~m will be captured in the knockout pot.

From the knockout pots, the flow is routed to the submerged particulate settlers located in
the weasel pit at the east end of the basin. In the settler, the incoming fluid process stream
velocity will be drastically reduced from approximately 4.3 nrlsec to 0.014 m/see (14 fllsec to
0.05 tisec). This reduced velocity and resultant retention time in the settler will allow additional

particulate from the fluid stream to settle. At this flow rate particulate larger than 15 to 50 pm

(depending on density) will settle out.

The particulate settler’s output is routed to the booster pump located in the transfer area

above the basin water level. The booster pump discharge, including any remaining particulate
matter, is routed to the amular filter vessels located in the transfer area. The flow is distributed

among three 304 stainless steel annular filter vessels with a nominal 5~m filtration capability. The
filter vessel media are loaded with approximately 30 cm (12 in.) of coarse sand, followed by

45 cm (18 in.) of garnet, and topped with approximately 76 cm (30 in.) of fine sand. The vessel
instrumentation includes differential pressure, temperature, and radiation. When a predetermined
differential pressure or radiation level is reached, the control system will alarm, indicating

operator action for filter bed regeneration, as described in section 2.5.2.3.
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The flow tlom the annular filter vessels is routed to the IXMS located in the transfer area.

The IXMs are loaded with a mixture of cation and anion organic bead resins optimized to remove
cesium and other dissolved radlonuclides and to control pool chemistry. The effluent of the IXMS
is dkected to the various basin user outlets as described in section 2.5.

2.5.2.2 Secondary Operations. When the FRS system is shut down, basin water quality can be

maintained by routing the recirculation water to the suetion of the booster pump. This will route
water through the annulir filter vessels to the IXMS. If filtration is not required, a filter bypass
valve allows water to flow directly to the IXMS.

If one submerged pump fails or is taken off line, the other submerged pumps will trip and

the system will shut down. Should the booster pump suction fall below a specific pressure set

point indicating loss of suctio~ the booster pump will trip and the system will shut down. If the
annular filter vessel differential pressure or radiation level exceeds the high-high set points, the

booster pump will trip and the system will shut down. At a preset differential pressure, the
knockout pot will be removed from service and remotely disconnected from the process line for
interim storage in the basin. The maximum differential pressure is 350 kPa (50 lbi7hr2).
The process comections then will be connected to a knockout pot located near or in the same

location as the previously used pot. Only one knockout pot is in service at a time, however, as
many as 30 pots could be required to accommodate the design basis quantity of sludge that may

be retained by the pots. Full pots may remain in place until sludge disposition is determined.

V/lien a predetermined differential pressure is reached across a filter vessel or a
predetermined dose rate is reached, the control system alarms and the filters are isolated and
removed from service for operator action. All three filters are regenerated individually before

returning the system to service. Fuel retrieval is stopped during filter regeneration. FMer
regeneration is accomplished using water, air, or a combination of water and air in various flow

paths into and out of the filter vessel. Regeneration sequences are selected and controlled by

operations personnel horn a control area. These sequences are folly automated except for the
infrequently used air sparge that requires manual action to supply air. The regeneration

techniques provided for each vessel are the top sparge, fill-bed backwash, and air sparge.

Top Sparge. In the top sparge process, water is admitted near the top of the vessel
through a distribution pipe and exits the top of the vessel through the backwash outlet valve.
During this process, tbe top layer of the filter media (highest concentration of particulate) is
agitated with a water sparge using skimmer loop water and the top sludge particles trapped in the

layer of media are earned out by a sweeping action to the particulate settlers for hold-up and

subsequent processing. The reduced flow from the top sparge will allow the settlers to retain
more of the smaller particles. This process is used to reduce differential pressure without

disturbing the bottom half of the filter bed.. Normally this process is the prefemed method of filter.
regeneration when the process water characteristics have a mixture of particulate with a bias

toward large particles.

Full-Bed Backwash. This process is required when the top sparge action does not lower

the pressure drop or radiation levels to the point that reasonable durations of normal operation

occur before another top sparge. Water flow is reversed by entering the vessel bottom and exiting
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the top via the backwash outlet valve. During this process, the entire bed is backwashes using
skimmer loop water sweeping particulate from throughout the media to the particulate settlers.

A nominal backwash flow rate, which is approximately half the normal process flow rate, is
expected to be used, which should provide an adequate carrying velocity to fluidize and remove
the fuel particles. This flow rate will allow the settlers to retain more of the small particles.

Air Sparge. The filter bed maybe air sparged if excessive backwashing is required to
keep the differential pressure or ra&ation levels in the filter low. Air sparging consists of injecting

compressed air into the filter vessel media bed to disturb the aggregate. In similar equipment, air
sparging has been shown to restore filter efficiency. The filter vessels have valves and flanges to
allow for connecting a compressed air source. Air sparging, when performed, typically involves
air flows of approximately 140 standard cubic feet per minute for approximately 1 hour. Only one
filter vessel will be sparged at any given time. The air displaced from the filter vessel during
sparging requires the venting system described in section 2.5.2.3.

2.5.2.3 Annular Filter Vessel Air Sparge Venting Operations. The venting system for the
annular filter vessels is a new emission point for the K West Basin. The venting arrangement for
normal operation of the annular filter vessels is shown in F@re 2-9. The annular filter vessels are

not vented during normal operations. When the pumps shut down and water flow to the filters

stops, the annular filter vessels are passively vented to the new high-efficiency particulate air
filtered emission point. During air sparge filter regeneratiorrj filters will be actively vented
through the new high-efficiency particulate air-filtered emission point. DOE/RL-98-02,
Radioactive Air Emissions Notice of Construction for 105-KWFilter Vessel Spar@”ng Vent
(DOE-RI-. 1998), was approved by the Washington State Department of Health (Conklkr 1998).

2.6 CONFINEMENT SYSTEMS

See the current version of the K Basins SAR (DESH 1998) for a discussion of the K Basin
confinement systems. Changes to the confinement system include comecting the water treatment
system to the fiel retrieval equipment. These changes include piping to remove water from the
decapping equipment, the primary clean machine, and the process table. The IWTS adds above-
water piping and annular filter vessels that are part of the confinement system.

2.7 SAFEIY SUPPORT SYSTEMS

See the current version of the K Basins SAR (DESH 1998) for a discussion of the K Basin
safety support systems for worker protection. The IWTS will add a radiation monitoring system
for the filter vessels within the filter vessel enclosure. This monitoring system is used to control
the source term in the filter vessels by alarming when no more than 200 Cl of cesium are detected
in a filter vessel. If the radiation monitoring system is not operating, the IWTS camot operate.
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2.8 UTILITY DISTRHWTION SYSTEMS

See the current version of the K Baains SAR (DESH 1998) for a discussion of the K Basin
utility distribution systems. The IWTS equipment will tie into the K Basin electrical system to
obtain electrical power for equipment operation.

2.9 AUXILIARY SYSTEMS AND SUPPORT FACILITIES

See the K Basins SAR (DESH 1998) for a discussion of the K Basin auxiliary systems.
The IWTS subproject changes to these systems are defined in sections 2.9.1 through 2.9.3.

2.9.1

2.9.2

2.9.3

K Basin Water Supply Systems

No change is required to the K Basin water supply system for the IV/TX.

Infrastructure Systems

No change is required to the K Basin infrastructure system for the IWTS.

Cranes and Hoists

To safely handle the increased loads of the knockout pots, the load rating on the monorail

above the knockout pots is to be increased. This monorail will be upgraded to a 4,000-lb rating,
similar to other monorails being upgraded for FRS.
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Figure 2-2. K West Integrated Water Treatment System

Equipment Arrangement in Basin.
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Figure 2-3. K West Integrated Water Treatment System
Equipment Arrangement in Transfer Area.
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Figure 2-4. Knockout Pot.
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F@me 2-5. Particulate Settlers.
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Figure 2-6. Annular Filter Vessel.

J

40 in.

-— ————.— n—

1201

/

lb

16 in.

SADO02R2.PT1 F2-6 June 1998



SAIX02R2.PTI

HNF-SD-SNF-SAD-O02 REV 2

Figure 2-7. Annular Filter Vessel Enclosure.
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Figure 2-8. K West Integrated Water Treatment System Flow Schematic.
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Figure 2-9. Venting Arrangement for Normal Operation of FMer Vessels
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3.0 HAZARD AND ACCIDENT ANALYSES

3.1 INTRODUCTION

This chapter defines the processes used to identi~ and assess potential hazards associated
with maintenance and operation of the inte~ated water treatment system (IWTS), presents the
results of the hazards and operability (HAZOP) study, and develops the abnormal events and

design basis accidents representative of the potential conditions associated with the IWTS
operation. The chapter covers hazard identificatio~ facility hazard classification, hazard

evaluation, and accident analysis (inchrdlng probabilities and consequences). The analyses were
developed using a graded approach that considered the hazard magnitude, complexity of
equipment and operations activities, and equipment life cycle.

3.2 REQUIREMENTS

The hazard and accident analyses developed for the IWTS were performed to comply with
the U.S. Department of Energy orders, regulations, and standards in the K Area standard and
requirements identification document database. HNF-SD-SNF-RD-001, SNF K Basins and Cold
Vacuum D~ing Stan&rdRequirements Identzjication Document (Watson 1998a), identifies the
requirements that adequately protect workers, the public, and the environment.

3.3 HAZARD ANALYSIS

This section describes the hazard identification and evaluation performed for the IWTS

The evaluation covers potential process-related, natural phenomena, and externally initiated
hazards to the workers, the public, and the environment caused by the IWTS.

3.3.1 Methodology

The American Institute of Chemical Engineers Guidelines for Hazard Evaluation
Procedures (AIChE 1992) defines a hazard two ways:

. An inherent physical or chemical characteristic that may cause harm to people,
property, or the enviromnent

. A combination of a hazardous material, an operating environment, and an

unplanned event that might lead to an accident.

The implications of both definitions are considered in the hazards identified and the

evaluation methods used. Potential IWTS hazards (combinations of a hazardous material, an
operating environment, and an unplanned event) were identified and qualitatively evaluated
through a HAZOP study,
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3.3.1.1 Hazard Identification. Hazards identification is pinpointing material, system, process,

and plant characteristics that can produce undesirable consequences as a result of an accident,
Hazards can be identified by conducting a HAZOP study that documents the effects of deviations
from the design intent of the process parameters. The major equipment items within a process are

designated as nodes. Applicable process parameters (@de words) such as flow, pressure, level, .
and temperature are chosen for each node. A series of questions is asked about each parameter;

each question concerns an abnormal condition (deviation) of the parameter (for example, “no
flow”). tilde words, phrases, or words used to describe process deviations are used as

brainstorming tools to explore the means by which process parameters might vary from their
design intent. Process parameters that were examined include flow, temperature, pressure,
viscosity, compositio~ level, and structural integrity. Guide words and their meanings are as
follows:

“No/none” negation of design intent I
“More” quantitative increase
“Less” quantitative decrease
“As well as” qualhative increase
“Part of’ qualitative decrease
“Reverse” logical opposite of intent
“Other than” complete substitution.

3.3.1.2 Hazard Evaluation. Hazard evaluation is the qualitative analysis of the significance of
hazardous situations associated with a processor an activity. This evaluation was accomplished

through the HAZOP where the potential causes and consequences of the deviations were
examined, and the frequency and potentird worst-case consequences were ranked, based on the
team’s experience and judgment, to determine possible safety significance. A HAZOP analysis is
a “form-driven” method of hazard evaluation, which means that the results of the hazard
evaluation are codified on a form to help ensure that a systematic approach is followed and that

the hazardous conditions are described consistently for comparison purposes. The HAZOP

analysis form used for the K West Basin IWTS project is shown in Appendix 3A,

The first column in the HAZOP analysis form (see Appendix 3A), designated “Process

parameter,” states which parameter is being analyzed, The second column, “Guide
word/deviatioA” is a guide word that applies to that process parameter, The third cokunn,
“Cause,” lists a potential cause of the deviation. The fourth column, “Resulting abnormal
condition,” lists a result of the particular deviation caused by a particular situation. The fifth
column, “Consequence,” briefly describes a potential undesirable consequence of the abnormal

condhion. The sixth and seventh columns, “Engineered features” and “Administrative controls, ”
list equipment, programs, and procedures that might be used to prevent the abnormal condition or
mitigate its consequences, The “Freq, rank” column estimates the annual likelihood of the

abnormal occurrence. The frequency of the consequences of the deviations are given qualitative
rankings shown in Table 3-1. The “Cons. rank” column is a “first-cut” qualitative consensus

estimate of the safety severity of the postulated consequence. The satety consequences of the
deviations are given significance rankings shown in Table 3-2.
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Table 3-1, Frequency (f) Ranges.

Rank Description Frequency range

FO Beyond extmnely unliiely f< Io”jyr

F1 Extremely unlikely lo$yr<fs 10VYT

F2 unlikely loVy<f< 107)T

F3 Anticipated ,0.2iyr<f< lly~

Table 3-2. Safety Consequence Severity Rankings.

Rank COnseqUencxseverity

so No sigmti csnt effects on persons or tie environment.

S1 FaciMy workm injury or exposure to hazardous material> reportable release of hazardous materials
within or near the facility,

S2 Hazardous material exposure to a person (collocated onsite worker) at a distance from the facility,
signdi cant hazardous material discharge outside the fscility.

S3 Hazardous material exposure to a person (member of the public) at a distance from the facili~,
simuticant hazardous material discharge offsite.

3.3.2 Hazard Analysis Results

The HAZOP team’s discussions resulted in a listing of hazards (combinations of hazardous
material and abnormal events) that could potentially result in accidents having consequences
atTecting the public, the collocated onsite worker, and/or the facility (near-field) worker.

3.3.2.1 Hazard Identification. Tables 3-3 and 3-4 list the potential accident scenarios resulting

from the hazards discussed in the HAZOP study. The tables surmnarize the accidents, list the

causes, the consequences, the material at risk (MAR), the consequence rankings, and the
tlequency rankings.

Table 3-3 lists the accidents that the team agreed might potentially disperse radioactive or

toxic aerosols to a receptor outside the K Basin facility, These accidents could result in
consequences ranked S2 and S3 in the HAZOP discussion, These rankings are, in general,
qualhative and more conservative than the quantitative accident calculations. The determination
requirements for safe~-class engineered features (S3 consequences), safety-significant engineered
features (S2 consequences or defense-in-depth for S3 consequences), and/or technical safety
requirements (TSR) are based on the quantitative accident analysis.

Table 3-4 lists the S 1 accidents from the HAZOP in Appendix 3A that might have
consequences to the facility worker, but are not expected to disperse radioactive material outside
the K Basin facility. These accidents fall into one of two consequence categories. The first

consequence category (designated S 1-A) consists of accidents that could result in the worker

getting a larger than originally planned radioactive or hazardous exposure, a dose that is greater
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LOSS of basin
water*
(Analyzed in
K Basin SAR,
section 3,4.2. 10)

Spray release
from
above-water
piping*

. (Analyzed in

k sections 3.4.2.1
and 3.4.2.2)

L
Hydrogen
deflagration in
filters
(Analyzed in
section 3.4.2.3)

Fuel oxidation in
filters
(Analyzed in
section 3,4.2.4

Table 3-3. Accidents Po

Causes

Catastrophic failure of above-water
piping caused by natural phenomena,
external phenomena,
overpressurimtion, water hanmm, tire
(flexible bow), or thermal expansion
stress during process activi~ with
bottom pump inlet resulting in pumping
basin below very low level

Leak in pressurized portions of
above-water piping caused by natural
phenomena, external phenomena,

ovefprestition, water hammer, tie
(flexible hose), or thermal expansion
stress

Loss of water cover on fuel in filters

Loss of water cover on fuel; heatup

mtially Having Consequences Outside of K West Basin. (3 sheets)

eresuspension of Fuel and sludge alarms

pcol water I akums I I I
Airborne release Basin water, Piping design Procedures 52 F2
of asrosol spray fuel, andlor and testing
of contaminated sludge particles Surveillance
basin water Shield pipe and

enclosures

Constant air
monitors

Release of fuel Fuel Radiation Procedures 52 FI
pmticulate accumulation in monitor to Iiit calliig for

filters accumulation of backwash
fuel”

Release of oxide Particulate on Radiation Prc+edures 52 F2(lvbdiied to
aerosol filter monitor limiting calling for F1 per accident

accumulation backwash analysis)



Table 3-3. Accidents Potentially Having Consequence:

Accident causes consequence
Material
atrisk

Failure of ion Dropping an ion exchange mmiule or
exchange dropping one ion exchange mwfule on
mndule* top of the other during changeout
(Analyzed in activity
section 3.4,2.5)

LOSSof baain
water *
(Analyzed in
section 3,4.2.6)

Criticali~ in ion
exchange
mcdules or
tilters*
(Analyzed in
APPemdix6A)

rLoss of baain stmr.hmd integhy caused
by dropping a heavy obJect (I.e., Ion

Transfer of a sig@cant amount of
geater than 0.635-cm (0.25-im)
diameter fuel pieces

Release of Loaded resin
cesiurn-loaded
ion exchange Small amount of
resin basin water

L
Pcol release of Basin water
baain water and
resuspension of Fuel and sludge
lmae panicles
contamination in

nnl water

Releaae of Fissile and
fission prcduct contaminated
gases and material
contaminated
aerosnls

Hydrogen
deflagration in
settlers
(Analyzed in
section 3,4.3)

Loss of pcol water in DBE Release of fuel Particulate in
particulate settler

Outside of K Weat Basin. (3 sheets)

Engineered Administrative Consequence Frequency
features Cnntrols ranking ranking

Litling critical Iii S2/S3 F2
equipment prwedrues
designed to
handle the ion Perindic
exchange inspections
mndrde

Training

Basin level Procedures S21S3 FO
monitoring,
alarms

Radiation Training
alarms

screens in S2 FO
transferlies
ffom other
processes I I I I
Favorable I I I I
geometq N

JWA Emergency S2 FI (Mndtied to
response to FOper accident
DBE analysis)



~
E
& Table 3-3. Accidents Potentially Having Consequences Outside of K West Basin. (3 sheets)

~ Accident Causes Consequence
Material Engineered Administrative Conaequmce Frequency

at risk features controls ranking ranking

Fuel fue in Loss of pool water in DBE Release of oxide Particulate in F(IA Emergency S2 FI (Tvk&iiedto
settlers aerosol settler response to FOper accident
(Analyzed in DBE analysis)
section 3.4.3)

Note *These events were evaluated inthe KBasin SAR(DESH 1998a]hstallation oftietite~atd watm Eea~ent ~stamay chmgetie&equacymd
consequences of the events.

DESH, 1998a, K Basins Safety Analysis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S Hanford, Inc., for Fluor Daniel Hanford, Inc., Richhmd,
Washington,

DBE = Desigmbasis earthquake.
FO = Beyond extremely urdiiely.
F1 = Extremely unliiely.
F2 = Unlikely.
NIA = Not applicable.
S2 =Hazardousmaterialexposure to onsite collocated worker at a distance from the facili~, significant hazardous material discharge

outside the facility.
S3 =Hazardousmaterialexposureto person at Site boundq, sigMca.nt hazardous materials discberge offsite or to the groundwata.



Accident

Increased radionuclide
concentration in basin

Transfer of biota to
IXM

Lowering of basin
water level*

Leak of manipulator
hydraulic fluid into
basin

Leak of ethylene
glycml6om basin
heaters into basin*

Table 3-4. Accidents Po

causes

.0ss of flow through recirculation
cop because of recirculation
mmp failure, clogged line, or
nstrumemtmalfunction

,eak in above-water piping

‘ailureof fuel retrieval equipmen

‘ailureof heater piping

‘resence of biota in water and
allure of screen

ltially Having

Consequence

Higher dose rate
and higher
resuspension
rate from basin
water

Higher dose rate
from 10ssof
water sbieldmg
fuel

Problems with
IXM-potential
extraction of
cesium causing
ALARA
problems

Decreased IXM
effectiveness

Decreased
effectiveness of
KM because of
slime buildup

Redundant
pumps

NIA Basin level
indicator

Area radiation
monitors

Cesium loaded I Conductivity
on KM instrumentation

downstream of
IxM

IxM

T
monitored

sampling

Fuel retrieval
surveillance

Conductivity
monitored

Sampling

Basin
surveillance

Conductivity
monitored

sampling

Conductivity I SI-A F3

1-A F2

‘T
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Accident Causes Consequence Material at risk
Engineered Administrative consequence Frequency

features controls ranking rtig

Transfer of debris to Presence of debris in water Decreased IXM Basin water Conductivity Conductivity S1-A F3
LXM or filters effectiveness contaminants instrumentation monitored

dowmtrenm of
IxM

Plugged piping Solids mataial, particularly in “Hotspots” in NIA Flow, pressure Surveillance S1-A F3
filters nnd IXM piping indication

Leak of basin water Freezing, pipe break, leaving on Spills of Small quantities NIA Surveillance SI-A F3
from sample lines sample tap contaminated of contaminated

water water

Loss of deionized Loss of service water, problems in No water to Basinwater Flow, pressure Possibility of SI-A Fl, F2
water supply water softener clean MCOS, no contaminants indication smnpliig the

makeup water to deionized water
bnsin supply

Loss of resin tlom Screen failure Water qunlity Contaminated Pressure NIA S1-A F2
IXM problems, resin indicator

contaminated
resin in piping

H@ cesium in sample Breaktbrougb in IXvl High dose rates Dissolved Conductivity Surveillance S1-A F2
lines and to end users* in sampling cesium instmmentntion

lines nnd user downstream of Sanlpliig
lines IX&f

Lmited IXM
loading based
on conservative
calculations

Kncckout pnt plugged More particulate than expected H@b dose rates NIA DiHerential Surveih.mx SI-A F2
pressure across
Iamckout pOt

Release of excessive Reactive fuel and comosion of Worker airborne Krypton in fuel NIA Surveillance SI-A Fl
amounts of kypton uranium dose

k.)



i3
c Table 3-4, Accidents Potentially Having Consequences to K West Basin Workers. (3 sheets)

g Accident causes COnsequenw Materialatrisk
Engineered Adminis&ative Consequence

features controls ranking

Failure of bcostw Plugged pipe or air in line catastrophic NIA Pressure NIA S1-I
pump failure of pump instrumentation

or piping
causing worker

~j~

Decreased filtration or FRS flow in addition to Higher dose Decreased basin
MM efficiency recirculation pump bypass to rates for end water quality

IXMS C8USedby misvaluing air users
monitoring equipmemt

Transfer of excess Failure of strainers Higher dose NIA
ptiiculate into system rates tiom
tlom FRS operations piping

w or debris removal
w Note

Air monitoring
equipment

Flow and
pressure
indication

Prcxedures

NIA

S1-A

S1-A 1
Frequency

ranking

F2

F3

F2

* These events were evaluated in the K Basin SAR (DESH 1998a> installation of the integrated water treatment system may change the frequency and
consequences of the events.

DESH, 1998a, K Basins Safety Analysis Report, WHC-SD-WM3AR-062, Rev, 3C, DE&S Hanford, Inc., for Fluor Daniel Hanford, Inc., Richkmd,
Washington.

ALARA
FI
F2
F3
IX&f
MCO
iNIA
SI-A

S1-1

= As low as reasonably achievable.
= Extremely unlikely,
= Unlikely.
= .%ticlpated.
= Ion exchange module.
= Multi-canister ovemack.
= Not applicable.
= Accidents that could result in worker getting a larger than planned radioactive or hazardous exposure, greater than

ALARA levels, but not resulting in a serious inj~
= Accidents that could result m being injured because of an indwrial hazard hat could be prevented or mitigatcxiby standard safety

programs.

l..)
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than as low as reasonably achievable (ALARA) levels, but not being seriously injured. The
second category (designated S 1-I) consists of accidents that could result in a worker being injured
in a scenario caused by an industrial hazard. Industrial hazards are prevented or mitigated by
standard (institutional) stiety programs.

3.3.2.2 Hazard Classification. A preliminary hazard categorization was performed for the
K Basins facilities (Porten 1994) using tbe methodology and criteria foundinDOE-STD-1027-92,

Hazard Categorization and Accident Ana@is Techniques for Compliance with DOE
Order 5480.23, Nuclear SaJety Ana@sis Reports. It was determined that the K Basins is a hazard
catego~ 2 facility. A hazard category 2 facility is one in which the “Hazard Analysis shows the
potential for significant on-site consequences” (DOE-STD-1027-92). DOE-STD-I027-92
interprets this definition to mean “Facilities with the potential for nuclear criticality events or with
sufficient quantities of hazardous material and energy, which would require on-site emergency
planning activities.” A hazard categorization for the IWTS process determined it to be hazard

catego~ 2; it does not tiect the K Basins hazard category. The hazard categorization is
documented inHNF-SD-SNF-HC-013, Hazard Categorization for K West Integrated Water
Treatment System (Semmens 1997).

3.3.2.3 Hazard Evaluation. This section documents a HAZOP study conducted for the K West

Basin IWTS. The H.AZOP team consisted of representatives from the design group, K Basin

Operations, K Basin Engineering, Safety Analysis, and K Basin Safety organizations. While the
main emphasis was on equipment being added by the K West Basin IWTS, effects on interfacing
equipment were discussed and documented.

The HAZOP methodology consists of dividing the system into sections (nodes) and
discussing the causes and effects of deviations from design intent of selected process parameters.
The likelihoods and consequences of the postulated abnormal conditions are ranked for the

purpose of sorting potential accident initiators. In addition, the HAZOP team considers design
and operating changes that might improve the system’s safety and efficiency and makes
recommendations.

The results of the HAZOP study include the estimated frequencies and calculated

consequences of accidents postulated to have effects outside the K West Basin facility. Based on
the results of the hazards evrduation and accident analysis, a list of safety-class and

safety-significant structures, systems, and components (SSC) was developed. In addition, the
results provide the basis for selecting TSRS. The TSRS ensure that operations are conducted
within the limitations of the analysis and/or that safety-class and safety-significant S SCS are

appropriately maintained and tested so their safety timction will not be compromised. The
HAZOP tables summarizing the team discussions are included in Appendix 3A.

3.3.2.3.1 Planned Design and Operational Safety Improvements, Because the IWTS

is an addhion to the equipment and systems in the K West Basin, no design and operational safety

improvements are planned beyond those already included in the design.
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3.3.2.3.2 Defense in Depth. Defense in depth is a timdamental approach to hazard

control for nuclear facilities. It builds in layers of defense against release of hazardous materials
so no single layer, no matter how good, is completely relied on. The current version of the
K Basins safety analysis report (SAR) (DESH 1998a) describes the facility defense-in-depth
considerations. Beyond the facility defense in depth, the IWTS has these additional features:

. The annuhrs filter enclosure

. The booster pump enclosure

. Pipe-in-pipe design for above-basin water piping

. Filtered vents.

3.3.2.3.3 Worker Safety. Worker safety is an integral part of the IWTS and overall

K Basins design. The K Basin SAR (DESH 1998a) covers worker safety. The existing
institutional programs and controls address the accidents having potential consequences to

K West basin facility workers (Table 3-4). Institutional safety programs include criticality
prevention, radiological protectio~ industrial hygiene, industrial safety, radiological and
hazardous ALARA programs, and emergency preparedness. The activity job hrrzardkafety
analysis and prejob safety meetings provide the workers information to help them identify and
control or mitigate hazards. Hazards are controlled and/or mitigated using engineered controls,

administrative controls, work restrictions, and/or persomel protective equipment. K Basin
administrative procedures require job hazard anrdyses as part of the job planning. Table 3-9 of the
K Basin SAR identifies the typical worker safety hazards addressed by the job hazard analysis

(DESH 1998a). Comments and clarification to the dratl Appendix E of the fire hazards analysis

have been provided to the cognizant engineer for incorporation into the next revision.

Monthly, quarterly, and yearly safety inspections are conducted to identi~ unsafe
condkions throughout the facility, including the IWTS equipment. Unsafe condhions will result in

postings, personnel protective equipment requirements, and/or timely corrective actions, as
appropriate.

3.3.2.3.4 Environmental Protection. The K Basins SAR (DESH 1998a) describes the

environmentrd protection considerations.

3.3.2.3.5 Accident Selection. The accidents selected for analyses resulted tlom the

HAZOP study process. The consequences of these accidents and their anticipated frequencies of
occurrence bound the consequences of all other accidents considered in the HAZOP study
process. The following accidents have been selected for arrrdys.k

. Spray release from process supply stream during normal operations

. Spray release during filter vessel backwash

. Hydrogen defla~ation in the filter vessel
● Fuel oxidation in the filter vessel
. Drop of one ion exchange module @M) onto another
. Knockout pot drop in basin
. Criticality evahration (see Appendix 6A).
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3.4 ACCIDENT ANALYSIS

This section presents the results of the accident analysis performed for the potential

K West Basin IWTS accidents identified in section 3.3.2.3.5. The general methodology for this

accident analysis is described in Appendix 3B. The radiological dose consequences for both
onsite and offsite receptors are estimated and compared with applicable risk evaluation guidelines.
The accident analyses aid in determining safety-class and safety-significant SSCS and provide the

bases for developing TSRS needed to protect the onsite and offsite receptors. The results of the

considered accidents bound the consequences of any crerLble accident from the K West Basin

IwTs.

Table 3-5 provides the radiological dose sod toxic chemical concentration guidelines from

Letter 97-SFD-172 (Sellers 1997). The radiological risk guidelines are given in terms of whole

body effective dose equivalent (in rem) for the onsite and offsite receptors. The toxic chemical
guidelines are given in terms of emergency response planning guidelines (AIHA 1990). The risk
evahration guidelines are defined in terms of qualitative annual frequency of occurrence. For each
accident scenario, the consequences calculated using the methods described and the assigned
frequency category are compared to the appropriate risk evahration guidelines. This comparison
is dkcussed in the accident analysis sections.

Table 3-5. Risk Evshration Guidelines.

Toxic chemical
Event frequency

Radiological dose

Evsnt frequency cstegory @.,) concentration guideline’ guideline (rem)

Onsite Off’site. Onsite Offsite

Anticipated > lo~to s 101 sERPG-I <ERPG-lb 1 0.5

Unlikely > lo~to< 102 <ERPG-2 <ERPG-1 10 5

Extremely untiiely > lofto s lo~ <ERPG-3 5ERPG-2 25 5

Note ‘The K West Basin integrated water tieatrnsnt systcm does not use hazardous chsmicalx this
column is included for information only,
btn atl cases, use the lower of either the ERPG- 1, the permissible exposure level (time-weighted
average), or the tlueshold level value (time-weighted average) using the most recently published
industry stsndsrds in summing the toxicological doses.

ERPG = emergency responss planning guideliie

3.4.1 Methodology

The accident analyses use specific and consistent methodology to quanti$ the

consequences of the postulated accidents selected for analysis. Appendix 3B contains the models,
dat~ and other bases used in calculating accident source terms, release fractions, atmospheric
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dispersio~ and dose consequences for the selected accidents. The appendix also includes dose

estimates for the receptor locations used in these analyses.

The steps involved in the analysis of each accident areas follows.

. Scenario development. A detailed sequence of steps needed to initiate and
develop each accident was prepared using conservative assumptions and a clearly
defined logic path.

,. Source term analysis. Credible source terms were developed for each accident
with the potential to release radionuclides or other hazardous materials. The

source terms were based on known compositions and quantities of hazardous
materials that are stored or handled in the K Baains. The analysis included the

M@ the release fraction or rate that determines the initial source term, and the
overall or process leak path factors that determine the release from the facility.

. Consequence analysis. The consequence analysis was structured to determine
the receptor doses or exposures for each identified exposure pathway.

Consequence calculations were performed that analyzed the doses to onsite
personnel and the general public for those accidents with a potential for producing
such exposures.

. Comparison with guidelines. Conclusions regarding the estimated radiological
and toxic chemical consequences (risk for the accident) were determined by
comparing them with the risk acceptance guidelines.

. Summary of safety-class SSCS and TSR controls. The requirements for safety-

class SSCS and TSRS depend on the results and conclusions horn the detailed

accident analysis. The analysis for each accident identifies the safety-class SSCS
and assumptions that were judged to require TSR coverage to meet the evaluation
guidelines.

3.4.2 Design Basis Accidents

Detailed analyses of the worst-case or design basis accidents (DBA) are included in this

section. The types of accidents considered include internally initiated operational accidents and
naturrd phenomena that could atTect the IWTS equipment or operations. External human-caused

events that can cause releases at the facility or have a major impact on facility operations are
covered by the K Basins SAR (DESH 1998a) and are not affected by the IWTS subproject. The

accidents selected for analysis are those defined in section 3.3.2.3.5. Each accident evaluation

consisted of the analyses listed in section 3.4.1.
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3.4.2.1 Spray Release From Process Supply Stream During Normal Operations (Stream 9).
This accident consists of a spray release from stream 9, which is located between the booster

pump and the annular filter vessels (see Figure 2-8). Stream 9 may ‘mntain liquid from up to four

different operational sources.

3.4.2.1.1 Scenario Development. Spray releases from the IWTS above-water piping and
booster pump are possible when the system is pressurized. Spray releases resulting horn events

that could cause a major rupture in process lines, while releasing large quantities of liquid, would
not result in a respirable leak rate as large as that from a smaller, optimized orifice. All spray
releases are calculated for an optimized orifice (pin-hole) leak.

One postulated spray release accident bounds the consequences of credible process supply
stream spray release accidents. In this accident, liquid is released through a leak in the piping or
pump between the booster pump and the filter vessels. The slurry stream processed by the IWTS
during a given 24-hour period could be composed of any combination of radionuclides tlom the
following:

. K West Basin water

. Dkintegration of fiel assemblies

. Canister sludge

. High-cesium content tiel.

The doses associated with these sources are calculated independently and added to establish the
maximum dose possible from this accident (Watson 1998b). The actual dose would be less than
this vahre because the leak effluent would be a mixture of the indkiduai components considered.

This spray release accident would be caused by a leak in a fitting, pipe, or pump in the

pressurized stream. The booster pump and about half of the piping are encased in close-fitting

shieldkrg, which minimizes the effects of a spray release. Leaks from piping with a diameter
larger than 3 in. are anticipated to occur with an annual frequency of 2.9 x 105 per m
(8.8 x 10< per ft) of piping (Ede et al. 1990). Stream 9 uses approximately 15 m (50 ft) of 4-in.
piping. An annual external leak rate for valves is estimated to be 8.8 x 104 per year (@de et al.

1990). Stream 9 affects 19 valves during primary operations. Conservatively assuming the leaks
all result in spray releases yields a leak frequency of

(2.9 x I@’ /m-yr)(8 m) + (19 valves)(8.8 x 104 /y’-valve) = 1.7 x 10-2/yr

These limited dat~ available for external leaks in piping and valves, include mostly leaks
that are not representative of an optimum spray release. It also does not consider the probabilities

of the following other conditions that must exist for the event to occur.

. Maximum allowable inventory in piping system

. Leak must be optimal spray release

. Vessel enclosure does not reduce respirable spray

. Spray release continues undetected for at least 12 hours.
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Therefore, the calculated frequency is too conservative and should be reduced to provide a more
realktic estimate of event occurrence.

Because of the conditions that must exist for this event to occur, the estimated annual

tkequency of this event is deemed unlikely (> 1.0 x E-04 and s 1.0 x E-02). This tlequency

estimate substantiates the F2 (ufllkely) fkequency estimated during the hazard analysis (Table 3-3)
for a spray release fkom above the water piping.

3.4.2.1.2 Source Term Analysis. The source terms for this analysis are based on known

compositions and quantities of hazardous materials stored or handled in the K Basins. Details of
the radiological inventory and source term development are provided in Appendix 3B. The
assumptions used in the analysis are discussed in the following paragraphs.

Doses resulting from radionuclide concentration in the water from the four potential

sources absady described are calculated independently. The following assumptions apply to all
four cases.

.

.

Consequences are being calculated at 12 and 24 hours (HNF-PRO-704). The

duration of the release is assumed to continue during these times.

The greatest respirable spray release could be generated in stream 9 (4-in. pipe

com~cting the s~ttlers t: th~ filter vessels) or it the booster pump to’ strearn”9.

Assumptions for Spray Release of K Weat Basin Water. In the analysis of the K West
Baain water spray release, the IWTS is assumed to maintain the K West Basin water with the
maximum radionuclide concentrations specified in HNF-S-0564, Spec@ation for Design
Fabrication, Testing, and Technical Support for the K West Basin Water Treatment System
(Bergsman 1998). This composition (see Appendix 3B, Table 3B-1) is assumed for the liquid

flow at the spray release location.

Assumptions for Spray Release During Fuel Retrieval of a Disintegrating Fuel
Assembly. The following additional assumptions were used to analyze the spray release that

occurs during retrieval of a disintegrating fuel assembly.

. The fiel composition is that expected tlom a Mark IV assembly containing
16.72 percent *%J (see Appendix 3B). This composition is assumed for the
radioactive portion of the liquid flow at the spray release location.

. During FRS operations, the equivalent mass of one fuel assembly is assumed to be

the maximum that disintegrates per canister. Twelve canisters are assumed to be
processed in a 24-hour period.

SADO02R2.PT1 3-15 June 199S



HNF-SD-SNF-SAD-O02 REV 2

Assumptions for Spray Release During Fuel Retrieval of Canister Sludge. The

following additional assumptions were used to analyze the spray release that occurs during the
retrieval of canister sludge.

. The radionuclide composition is that expected from K West Basin canister sludge
(see Appendix 3B, Table 3B-3). This composition is assumed for the radioactive
portion of the liquid flow at the spray release location.

. During FRS operations, the sludge in each canister is assumed to enter the IWTS
process line. Twelve canisters, containing no more than a combined total of 14 L

(0.5 ft3) of sludge, are assumed to be processed in 24 hours,

Assumptions for Spray Release During Retrieval of High-Cesium-Content Fuel, The
following assumptions were used to analyze the spray release that occurs during retrieval of high-

cesium-content fuel.

. The radionuclide composition tlom K West Basin canister water is expected to be
as listed in Appendix 3B, Table 3B-2. This composition is assumed for the
radioactive portion of the liquid flow at the spray release location,

. During FRS operations, the sludge in each canister is assumed to enter the IWTS
process line. Twelve canisters, each containing no more than 25 Ci of dissolved
cesium and related soluble products, are assumed to be processed in 24 hours.

3.4.2.1.3 Consequence Analysis. Calculations were combined with the results of
computer predictions of respirable leak rates from sprays to assess the potential consequences of
the accident scenario (Watson 1998b). The spray release is modeled using the SPRAY computer
code (Hey and Leach 1994). Appropriate values of the atmospheric dispersion factor have been

calculated and are listed in Tables 3-6 through 3-10 using the logarithmic interpolation procedure
described in HNF-SD-SNF-T1-059, A Discussion of the Methodolo~/or Calculating
Radiological and ToxicoIog”cal Consequences for the Spent Nuclear Fuel Project at the Hanford
Site (Rhtmamr 1998).

Four sources of radiological contaminants could be present simultaneously in the liquid

exiting the booster pump.
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Spray Release of K West Basin Water. Using the total unit release dose (URD) from
Append~ 3B, Table 3B-1, the onshe dose at 100 m (328 R) from the building is calculated using
the following equation.

Dd ,W = (ST)(X/Q’)(BR)(URD)

ST = source te~ respirable released quantity (L)
xIQ’ = atmospheric dispersion factor (slm3)
BR = breathing rate (3.33 x 104 m3/s for light activity)
URD= unit release dose (rem/L).

For this accident, a bounding respirable source term of 4.74 L (1 ,25 gal) has been
calculated (12-hour onsite exposure); x/Q’ is calculated for a release longer than 2 hours to a

receptor 100 m (328 fl) tlom K Basins, using a logarithmic interpolation between the bounding

dispersion factor with plume meander and the chronic rmrmrd average (Rittmamr 1998). From
Table 3B-1, the URD is 1.73 x 10] refi for the radionuclide composition. These values lead to

an onsite dose at 100 m (328 ft) of

De&e ,W = (4.74 L)(6.28 x 103 sJm3)(3.33 x 104 m3/s)(l.73 x 10’ renr/L)
= 1,71 X 104 rem,

Additional receptor doses are summarized in Table 3-6.

Table 3-6. Summary of Maximum Dose Consequences from

a Spray Release of K West Basin Water.

Receptor location
Guidelinesb

~lQ( (din’)’ rem EDE (Sv)
(rem)

100 m east (onSite) 6.28 E-03 1.71 E-04 10
(1.7 1E-06)

Hanford Site bounday 12,040 m west (offsite) 5.32 E-06 2.91 E-07 5
(2.91 E-09)

West riverbank (480 m nofiwest) 1.76 E-04 9.61 E-06 —

(9.61 E-08)

Note *FromTable 3B-5.
bAt annual tiquency of >1,0 x 10+to S1.0 x 10Z,

EDE = effective dose equivalent
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Spray Release During Fuel Retrieval of a Disintegrating Fuel Assembly, The portion
of respirable particles (dhmeter< 10 pm) released during the disintegration of a fiel assembly is
conservatively estimated to be 0.1 WtO/O. This value maybe compared with one expected for
similar materials that undergo brittle fracture from high impact forces, Section 5.3.3.2. I of
DOE-HD13K-3010-94, Airborne Release Fractions/Rates and Respirable Fractions for
Nonreactor Nuclear Facilities (DOE 1994), states that, for solids that undergo brittle fracture,

the respirable ftaction is bounded by

where

ARF= airborne release fraction
RF= respirable release fraction

A= empirical correlation (2, 11 x 1011 cm3-s2/g-cm2)
6= density (g/cm3)

g= gravitational acceleration constant (980 cm/s2 [conservative vrdue: tire] is in
water, but the drag and buoyancy effects are ignored])

h= fall height (cm).

To produce a respirable fraction (ARF x RF) of 0.001, a fall from 26.8 m (88 tl) (in air)

would be required. The mass of each Mark IV assembly is about 22.7 kg (50 lb), During the

disintegration of 12 assemblies, 272 g of respirable radioactive material will be generated:

2.27 x 104g x 12 x 0.001 =272g

Given a total flow rate of 1.21 x 103L/rein (320 galhnin) in stream 9 and the SPRAY-calculated

respirable leak rate of 6.59 x 10-3L/nrin (1.74 x 103 galhnin), the fraction of the total respirable
radioactive material generated that exits through the leak is 5.4 x 10<. The total source term over
24 hours is

272g x 5.4 x 104=1.47 x lo3g.

Using the total URD fromRittmarrrr(1998), the estimated dose to an onsite receptor at 100 m
(328 R) is

D6W ,W = (1.47 x 10-3g)(12hr/24hr)(6.28 x 103 s/m3)(3.33 x 10+ m3/s)
(4.38 x 105rendg)

= 6.73 x 10+ rem.
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Additionrd receptor doses are summarized in Table 3-7.

Table 3-7. Summary of Maximum Dose Consequences from a Spray Release During Retrieval

of a Dkintegrating Fuel Assembly.

Receptor Iccation
Guideliiesh

xIQ’ (sJm3)’ remEDE(Sv)
(rem)

100 m east (onSite) 6.28 E-03 6.73 E-04 10
(6.73 E-06)

Hanford Site boundary 12,040 m west (offsite) 5.32 E-06 1.14 E-06 5
(1.14 E-08)

West river bsnk (480 m nofiwest) 1.76 E-04 3.77 E-05
(3.77 E-07)

Note ‘From Table 3B-5.
bAt annual frequency of =-l.0 x 10<to S1.0 x 10-2.

EDE = effective dose equivalent.

Spray Release During Fuel Retrieval of Canister Sludge. Twelve canisters containing
a total of 14 L (0.5 ft3) of sludge (density= 2.61 g/cm3 [163 lb/ft3]), are processed in 24 hours.
The knockout pot and the particulate settlers may remove some sludge ffom the stream before it
reaches the leak location. No credh is taken for this reduction. All sludge reaching the leak is

assumed to be small enough to be respirable. The total respirable release fraction is identical to
that calculated for the spray release during retrieval of a disintegrating feel assembly, 5,4 x 10-6,
so the total respirable sludge release is 7.82 x 10-5 L. Using the total URD tlom Appendix 3B,
Table 3B-3, the dose maybe calculated for the onsite receptor at 100 m (328 fl):

Dd ,. = (7.82 x 10-5L)(12 hr/24 hr)(6.28 x 10-3S/m’)
(3.33 x 104 m3/s)(l.14 x 10’ remiL)

—— 9.32 x 10-2rem.
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Additional receptor doses are summarized in Table 3-8

Table 3-8. Summary of Maximum Dose Consequences from a Spray Release During Fuel
Retrieval of Canister Sludge.

Receptor Imation
Guidelinesb

xIV (sJm3)’ rem EDE (Sv)
(rem)

100 m ea3t (onSite) 6.28 E-03 9.32 E-02 10
(9.32 E-04)

Hanford Site boundary 12,040 m west (offsite) 5.32 E-06 1.58 E-04 5
(1.58 E-06)

Nesr riverbank (480 m nortlrwest) 1.76 E-04 5.22 E-03
(5.22 E-05)

Notcz ‘From Table 3B-5.
bAt ~Ud frequency of> 1.0 x 10”to S1 .0 x 102.

EDE =effective dose equivalent.

Retrieval of High-Dissolved-Cesium-Content Liquid from Fuel Canisters. The
retrieval of 12 canisters. each containing 25 Cl of dissolved cesiurn. over 24 hours is considered
Because these products-are soluble, no~redit is allowed for any removal before the leak is
located. The respirable release fraction developed for the previous accidents is used, 5.4x 10<.

Using the total URD from Appendix 3B, Table 3B-2, the estimated onsite dose at 100 m (328 ft)
is calculated as

Dtim ,W = (12 canisters)(5.4 x 10<)(12 hr/24 hr)(6.28 x 10-3s/m3)(3.33 x 104 m3/s)

(9.61 x 108reticarrister)
= 6.51 x 102 rem.
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Additional receptor doses are summarized in Table 3-9.

Table 3-9. Summary of Maximum Dose Consequences from a Spray Release During the

Retrieval of High-Cesium-Content Fuel.

Receptorlocation
Guidelinesb

xIV (slm’~ rem EDE (Sv)
(rem)

100m east(onsite) 6.28E-03 6.51E-02 10
(6.51 E-04)

Hanford Site boundary 12,040 m west (offsite) 5.32 E-06 I.1OE-O4 5
(1.1OE-O6)

Near river bank (480 m northwest) 1.76 E-04 3.65 E-03 —

(3.65 E-05)

Note ‘From Table 3B-5.
bAtannaal fiequencyof>l.O x 104toS1.0x 102.

EDE =effective dose equivalent.

Summary of Dose Consequences from a Spray Release of L]quid Exiting the Booster
Pump. Table 3-10sumtizes the bounting totddose consequences thatcould be expected
fiom_aleak irrstream9. Thetotal doseconsequences methesums of the fourindividual stream9

accident consequences calculated.

Table 3-10. Summary of Total Radiological Dose

Consequences from a Spray Release in Stream 9.

Receptorlwation
Guideliiesh

xIV (sJm’)’ rem EDE (Sv)
(rem)

100m east (onsite) 6.28 E-03 1.59 E-01 10
(1.59 E-03),

HarrfordSite boundary 12,040 m west (offsite) 5.32 E-06 2.69 E-04 5
(2.69 E-06)

Near river bank(480 m nofiwest) I 1.76E-04 I 8.92 E-03 I .
(8.92 E-05) II , J

Note ‘From Table 3B-5.
bAtarrruralflequencyof>l.O x lo<tosl.Ox 10”Z.

EDE = effective dose equivalent

3.4.2.1.4 Comparison to Guidelirres. Theradiological dose consequences estimated for
an IWTS spray relemedunng worst-cme nomdoperations (le&instrem 9)have been shown
to be less than evaluation guidelines for the estimated frequency of occurrence.
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3.4.2.1.5 Summary of Safety-Class Structures, Systems, and Components and
Technical Safety Requirement Controls. No safety-class or safety-significant SSCS are
identified and no TSR controls are required.

3.4.2.2 Spray Release During FWer Vessel Backwash (Stream 10). This accident consists of
a spray release from stream 10, which is the backwash flow from the annular filter vessels to the
particulate settlers (see Figure 2-8).

3.4.2.2.1 Scenario Development. Spray releases from the IWTS backwash above-water
piping is possible any time the system is pressurized. Spray releases resulting from events that

could cause a major rupture in process lines, while releasing large quantities of liquid, would not
result in a respirable leak rate as large as that from a smaller, optimized orifice. All spray releases

are calculated for rut optimized orifice Q-in-hole) leak. Orifice leaks may be justified as bounding
because all piping is new stainless steel piping. FRS operations are expected to be completed

within about 2 years.

A spray release during the annular filter vessel backwash (stream 10) would be caused by
a leak in a fitting or pipe in the pressurized stream. Leaks from piping with a diameter smaller
than 3 in. are anticipated to occur with an annual frequency of 2.9 x 104 per m (8.8 x 10-s per ft)

of piping (@de et al. 1990). Stream 10 uses approximately 30 m (100 11)of 2-in, piping, however
about three-fourths of this piping is encased in close-fitting, continuous shielding. An amual
external leak rate for valves is estimated to be 8.8 x 104 per year (@de et al. 1990). Stream 10
atTects nine valves during each filter backwash. Conservatively assuming the leaks all result in
spray releases yields a leak frequency of

(2.9 x 104/m-yr)(8 m) + (9 valves)(8.8 x 104/yr-valve) = 1.0 x 10-2/yr

The limited data available for external leaks in piping and valves include mostly leaks that are not

representative of an optimum spray release. They also do not consider the probabilities of the

following other conditions that must exist for the event to occur.

. Maximum allowable inventory in filter vessel

. Leak must occur during the backwash (less than 5 percent of operating time)

. Leak must be optimal spray release

. Vessel enclosure does not reduce respirable spray

. Spray release continues undetected for all three filter backwashes.

Therefore the calculated frequency is too conservative and should be reduced to provide a more
realistic estimate of event occurrence.

The estimated annual frequency of this event is considered to be ufllkely (> 1.0 x E-04 and
s 1.0 x E-02). This frequency estimate substantiates the F2 (unlikely) frequency estimated during
the hazard analysis (Table 3-3) for a spray release from above-water piping,
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3.4.2.2.2 Source Term Analysis. The source terms for this analysis are based on known

compositions and quantities of hazardous materials stored or handled within the K Basins. Details
of the radiological inventory and source term development are provided in Appendix 3B. The
assumptions used in the analysis are discussed in the following paragraphs.

The following assumptions were used in the analysis of the spray release that occurs
during falter backwashirrg (mitigated and unmitigated).

. The fbel composition reaching the fiker is that expected from a Mark IV assembly

containing 16.72 percent ‘%r.

. A bounding source term was developed to account for the potential for a
significant fraction (up to 90 percent) of the total tlrel retained in the filter to be
oxidized.

. Because up to 90 percent of the cesium maybe soluble in oxidized fuel, the ratio

of transuranic isotopes to particulate cesium in the filter is conservatively assumed
to be 10 times higher than the ratio of transuranic isotopes to cesium content in the
tiel.

. The maximum total foe] source term from the three filters does not exceed the
maximum estimated basin sludge mass of 16.2 metric tons of uranium
(Bergsman 1998).

. The duration of the release equals the duration of the filter backwash (all three
filters), which is assumed to be less than 60 minutes (20 rnhrhlter).

. The greatest respirable spray release could be generated in stream 10 ([2-in.] pipe

connecting the filter vessels to the start of the settlers).

Two approaches for mitigating the spray release consequences during filter vessel

backwash were evaluated.

The following additional assumptions were applied to the case 1 mitigated analysis of the
spray release during filter backwashing.

. The duration of the release equals the duration of the filter backwash, which is

assumed to be 30 min per filter (90 min total). All radionuclides originally retained
by the filter exit the filter to stream 10 during the backwashing.

. Each filter vessel contains the maximum fuel source term associated with 200 Ci of

cesium.
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The following additional assumption was applied to the case 2 mitigated analysis of the
spray release during filter backwaahing: Each filter vessel contains the maximum fiel source term

associated with 100 Ci of cesium.

3.4.2.2.3 Consequence Analysis. Calculations were combined with the results of
computer predictions of respirable leak rates from sprays to assess the potential consequences of
the accident scenario (Watson 1998b). The spray release is modeled using the SPRAY computer
code (Hey and Leach 1994).

For stream 10 (2-irr. pipe, 414 kPa [60 lbi%nz] gauge pressure water), the calculated

respirable leak rate is 1.45 x 103 L/rein (3.8 x 104 galhnin). (The SPRAY code output file is
included in Appendix A of HNF-1778 Watson 1998b].)

An unmitigated accident analysis is performed to determine the safety classification of
equipment and controls that would mitigate its dose consequences, Whhout equipment or

procedures for backwashirtg the filters, the IWTS could be operated until d] the filters were
essentially plugged, stopping all liquid flow. Because the fbel quantity that would be present
under this condhion is not known, it will be conservatively assumed that the entire maximum basin

sludge mass (16.2 metric tons) is deposited among the three fikers. The duration for the accident
will conservatively be assumed to be less than I hour so that the acute air transport factors are
appropriate.

The three filters will be backwashes consecutively through a common header pipe that

leads back to the settlers (see stream 10 in Figure 2-8). Stream 10 will have a liquid flow rate of
5.68 x 102L/rtritr during filter backwashirtg. The respirable liquid release fkaction is

(1.45 x 10-3L/rein)+ (5,68 x 102L/rnirt) = 2.55 x 10<

The total MAR in the three filters is 1,62 x 107g

The total respirable quantity of radionuclides released in the spray is

(2,55 x 10<) (1.62x 107 g)= 41.3 g.

Different atmospheric dispersion factors are used for this accident tbarr for the other spray
release accidents. The unmitigated filter backwash accident occurs over a time interval of less

than 1 hour so the acute air transport factors are appropriate @ittmam 1998), Using the total

URD from Rittmamr (1998), the estimated onsite dose (100 m) is given by

Dkk ,W = (41.3 g) (7.32x 102 s/m3) (3.33 x 104 m3/s) (4.38 x 105 rem/g)

= 441 rem.

Additional unmitigated receptor doses are summarized in Table 3-11,
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Table 3-11. Summary of Maximum Dose Consequences from an Unmitigated

Suray Release During Filter Backwashirrg.. .

Receptor lccation
Guidelinesb

xIQ’ (sJm’)’ rernEDE(Sv)
(rem)

100meast(Onsite) I 7.32 E-02 I 4.41 E+02

I
10

(4.41 E+JO)

Hanford Site bounday 12,040 m west (offsite) 3.58 E-05 2.16 E-01 5
(2. 16 E-03)

Near river bsnk (480 m northwest) 2.15 E-03 1,30EWI —

(1.30 E-01)

Note ‘From Table 3B-5.
bAtannusl frequency of>l.Ox 10<to<l.O X 102

EDE = effective dose equivalent.

For the mitigated backwash spray accident, the maximum trarrsuranic (TRU) should be
available inthefilter imetiately before aplmedfilter bachmh. Calibrated gamma monitoring
of the cesium on each filter could allow a maximum fuel loading to be imposed before a backwash
is required. Different mtimumfiel loa&ngs till beextined todetetine the controls needed
toadequately fifitthe dose mnsequences incaseofm accident. Fllterbackwash will reassumed
tooccurfirst whenamtimum of200Cl ofcesium hasaccumulated inany single filter. The falter
isexpe@ed toremove essentially dlpafiiculate fiomthe water entering the filter. All TRUis

assumed to be particulate and at least 10 percent of all cesium is assumed to be particulate (up to
90 percent of cesium may be soluble). Soluble cesium is assumed to come from fiel that has been

oxidized. Using the fuel composition from Rittmatm (1998), when 200 Cl of cesium retained in

the filter corresponds to as much as 2,05 x 105g (2.05 x 104g metal divided by O.10) of TRU
(metal plus oxide) in one filter.

The total material at risk in the three filters is

3 x (2.05 x 10sg) =6.15 x 105g,

The total respirable quantity of radionuclides released in the spray is

(2,55 x 10<)(6.15 x 10S)g= 1.57g.
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The filter backwash accident occurs over 90 minutes, so the air transpoti factors for a 1 to
2 hour release, including adjustments for plume meander, are appropriate (Rhtmann 1998). Using
the total URD ilom Rittmamr (1998), the estimated onsite dose at 100 m (328 R) is calculated as
follows:

Dtim ,W = (1.57 g)(l.24 x 102 s/m3)(3.33 x 104 m3/s)(4.38 x 105remlg)
= 2.84 rem.

Additional receptor doses are summarized in Table 3-12.

Table 3-12. Summary of Maximum Dose Consequences from a Case 1 Mitigated Spray

Release During Filter BackWashing (200 Cl ‘37CSMaximum per Filter).

Receptor lmation
Guidelinesb

~1~ (3fm’)’ remEDE(Sv)
(rem)

100 m esst (onsite) 1.24 E-02 2.84 E+OO 10
(2.84 E-02)

Hanford Site boundsry 12,040 m west (offsite) 2.60 E-05 5.95 E-03 5
(5.95 E-OS)

Near river bank(480 m northwest) 5.55 E-04 1.27 E-01 .

(1.27 E-03)

Note aFromTable 3B-5.
bAt annual tkequency of >1.0 x 10-to S1.0 x 102.

EDE = effective dose equivalent.

If the backwash operation and spray accident were assumed to occur over a period of less

than 1 hour, the acute air transport factors must be used to estimate the dose consequences. The
estimated onsite dose consequence at 100 m increases to almost 17 rem for this shorter duration

accident (nearly twice the guidelines). Ifl instead, each filter is assumed to be limited to 100 Cl of
cesium before a backwash is required, the total respirable fuel release during the backwash of the
3 filters will be reduced from 1.57 g to 0.79 g. For this source term, the dose consequences for

the spray accident can be estimated assuming that all three filters are backwashes in less than 1
hour (acute air transport factors). For the onsite receptor at 100 m the estimated dose is

Dti@ ,W = (0.79 g)(7.32 x 10-2a/m3)(3.33 x 104 m3/s)(4.38 x 105 rem/g)
= 8.43 rem.
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Additional receptor doses are summarized in Table 3-13. These dose estimates make no

limiting assumptions concerning the time interval associated with the backwashing operation.

Table 3-13. Summary of Maximum Dose Consequences from a Case 2 Mitigated Spray
Release During Filter Backwasbing (100 Ci ‘37CSMaximum per Filter).

Receptor lccation
Guidelinesb

xIQ’ (dm’~ rem EDE (Sv)
(rem)

100 m east (onsite) 7.32 E-02 8.43 E+OO 10
(8.43 E-02)

Hanford Site boundary 12,040 m weat (offsite) 3.58 E-OS 4.13 E-03 5
(4. 13 E-OS)

Near river bank (480 m northwest) 2.15 E-03 2.48 E-01 —

(2.48 E-03)

Note ‘From Table 3B-5.
bAt annual frequency of>l.O x 104tosl.O x IO*

EDE=effkctive dose equivalent.

3.4.2.2.4 Comparison to Guidetines. The mitigated radiological dose consequences

estimated for an IWTS smav release during filter backwashhw (leak in stream 10) have been. . -.
shown to be less than the evaluation guide~nes for the estimated frequency of occurrence

3.4.2.2.5 Summary of Safety-Class SSCS and TSR Controls. This analysis relies on the
ability of operationa personnel to detect when any filter vessel contains between 100 Ci and
200 Ci of cesium and to backwaah the filter before one of these quantities of cesium is exceeded.

To ensure that any filter vessel contains less than 200 Ci of ceaium, the radiation monitoring
system ia determined to be a safety-significant SSC. If each filter vessel contains less than 100 Ci

of ceaiu~ no controls are needed for the filter backwash durations or time intervals. If any filter
contains between 100 Cl and 200 Cl, a time interval of longer than 30 min is required between the

start of filter backwash operations for each filter. This requirement could be met, for example, by
backwashing each filter for 10 minutes but not beginning the backwash of the next filter until
30 minutes atler the start of the backwash of the current filter. The source term of concern is the
quantity of transurrurics potentially associated with the cesium, not the ceaium itself

3.4.2.3 Hydrogen Deflagration in the Annular Filter Vessel. This accident is a deflagration of
hydrogen and oxygen gas generated by radiolysis of water and accumulated in the annular filter
veaael headapace above the filter media. Detailed calculations for this accident can be found in

I-IN F-l777, K West Basin Integrated Water Treatment System (7WTS) E-F Annular Filter Vessel
Accident Calculations (Watson 1998c).
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3.4.2.3.1 Scenario Development. During normal operatio~ all filter vessels are
completely filled with liquid, and oxidation or deflagxation accidents are not credible. For this

accident, a leak is assumed to occur during an extended shutdown. The leak is assumed to drain
water from the annular filter vessel.

For hydrogen to be generated and accumulate in the filter vessel, the vessel must be static

(no flow). Thk condition must be maintained for some period of time for the hydrogen

concentration to increase above the lower flammability limit. Finally, an ignition source is needed
inside the filter vessel to cause the hydrogen gas to deflagrate. If this sequence of events occurs,
some fraction of the particulate firel retained in the filter would be released. If the filter has not

been backwaahed since flow into the filter stopped, the maximum amount of fuel allowed before a
routine backwash could be present.

Event path analyses and annual accident frequency estimates were used to determine the

annual frequency for this accident sequence (Watson 1998c). The annual tiequency of occurrence
for this hydrogen deflagration accident is calculated to be 3.3 x 10<. This frequency estimate
substantiates the F 1 (extremely ufllkely) frequency estimated during the hazard analysis
(Table 3-3) for a hydrogen deflagration in filters.

3.4.2.3.2 Source Term Analysis. The source termsfor this analysis are based on known

compositions and quantities of hazardous materials stored or handled in the K Basins. Details of
the radiological inventory and source term development are provided in Appendix 3B. The
assumptions used in the analysis of the unmitigated and mitigated hydrogen deflagration scenarios

are as follows.

.

.

.

.

.

.

SADO02R2PT1

The maximum fuel inventory in a single filter is one-third of the maximum
estimated totrd K West Basin sludge inventory fromBergsman(1998).

All particrdates from the IWTS process stream are captured and retained by the

filter until a backwash is performed.

The maximum filter headspace volume above the filter media is 3.1 m3 (109 ft3).

This headspace is conservatively assumed to be filled with a stoichiometric mixture

of hydrogen and oxygen (tlom air) gas just before the detlagration.

The firel composition reaching the filter is that expected from a Mark IV assembly
containing 16,72 percent 2%J.

Extrapolating the experimental data and the corresponding correlation used by
Steindler and Seefeldt (1980) up to a mass ratio (the initial mass of material to the
mass of trinitrotoluene [TNT]) of at least 50 is possible.

Significant amounts of hydrogen gas will not be generated in the filter vessel unless
the water in the vessel covers at least a significant portion of the sand. Significant
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water is needed in close contact with the particulate for efficient radiolysis to

occur.

. The partially submerged sand and trapped fuel in the filter is treated as a liquid

with entrained solids for purposes of applying the Steindler and Seefeldt (1980)
correlation.

. All particulate retained by the filter is held in the fme sand and 50 percent of the
fine sand interacts with the energy released during the deflagration. The

particulate is distributed in the top half of the fine sand and can be acted on by the
energy released from the deflagration.

3.4.2.3.3 Consequence Analysis. Hydrogen generation may occur by radiolysis when the

energy released from the decaying tie] is deposited in the surroundhrg water, dissociating

the molecule. Hydrogen also may be generated tlom metal fbel oxidation and from reactions

of uranium hydride with water. Flammable gas mixtures could accumulate in a filter
(Watson 1998c).

The heat of combustion per volume of hydrogen (with oxygen) is 2.8 x 10’ callm’ at

standard temperature and pressure (Avallone and Baumeister 1996). If hydrogen and air fill the
filter vessel headspace (total volume= 3.1 m3) creating a stoicbiometnc ratio of hydrogen and

oxyge% the maximum heat of combustion that could result from deflagration is (2.8 x 106 cal/m3)
(0.296) 3,1 m’= 2.6 x 10’ cal. The heat of combustion per mass of TNT is 4.773 MJlkg

(1, 140 cal/g) (Thompson 1987). The explosive energy produced by the maximum hydrogen
deflagration could be generated by a mass of 2.28x 103g (5.0 lb) of TNT, BothStreblow(1972)

and Thompson (1987) report that the energy released or the damage done under similar

conditions fkom a deflagration is expected to not exceed 10 percent (explosive yield) of that
expected from the theoretical TNT equivalent. This reduction is caused by several factors,
including incomplete combustio~ the reduced local energy density of a gaseous combustion

compared with a condensed-state TNT explosion, and the fact that the experiments used to
determine the effects of TNT explosions placed the TNT within the atTected material rather than

above it. If this correction is applied to the energy released in this accident, a TNT equivalent of
2.28 x 102 g would produce the maximum expected energy release.

An unmitigated accident analysis is performed to determine the safety classification of

equipment and controls that would mitigate its dose consequences. Whhout equipment or
procedures for backwasbing the filters in place, the IWTS could be operated until all the filters

were essentially plugged, stopping all liquid flow. Because the fuel quantity that would be present
under this condition is not known, it will be conservatively assumed that the entire maximum basin
sludge mass (16.2 metric tons) is deposited among the three filters. The duration for this accident
release is assumed to be less than 1 hour, therefore acute air transport factors are appropriate.

To determine the amount of respirable particulate material released from the deflagration,

the Steindler-Seefeldt correlation is used (Steindler and Seefeldt 1980). The Steindler-Seefeldt
correlation relates the amount of material (solid or liquid) in a specific size range released from a

I
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nearby explosion to the mass ratio of the initial mass of material to the mass of TNT. (This

correlation does not apply to dry powders.) The experimental contlguration of the explosive

material and the MAR was typically spherical or cylindrical, with the explosive located at the
center of the MAR. While these arrangements are not representative of the actual phenomena
that would occur in a hydrogen deflagration within the filter vessel, they should be usefid in
establishing an upper bound on the amount of particulate released,

The frne sand is loaded in the filter to about 76 cm (30 in.) high and tills about 1,4 m’
(50 t13)of the filter with a dry mass of about 2.1 x 10’ g. The greatest postulated tie] release will

occur if all the fuel is loaded in the tine sand and the mass of garnet, coarse sand, and water are
ignored in determining the MAR for the deflagration. It is conservatively assumed that only the

top 38 cm (15 in.) of fine sand (50 percent of the total mass) absorb energy during the
defla~ation. The total mass of this portion of the fine sand and the maximum trapped fuel is

(2.1 x 10’ g fine sand)(50%) + (5.4 x 10’ g fuel) = 6,45x 10’ g.

This mass, combined with the calculated TNT equivalent mass for the hydrogen
deflagratio~ gives a mass ratio of

(6.45 x 10’ g) / (2.28 x 10’ g) = 2,8 x 104.

The experimental data used by Steindler and Seefeldt (1980) to develop the correlation included
only arrangements with a mass ratio of 15 or less. Steindler and Seefeldt (1980) extrapolate these
data in plots of their correlation for mass ratio values up to 400 and suggest that this extrapolation
is reasonable for condhions existing in a fbel-cycle facility. However they do not suggest that the

correlation be applied to safety analyses for mass ratio values much higher than the available
experimental data without verification.

Therefore a vahre of 50 will be used for the mass ratio in the Steindler-Seefeldt correlation
(Steindler and Seefeldt 1980). Using a mass ratio of2,8 x 104 in the correlation would predict the
release of much less respirable material than does using a mass ratio of 50 in the correlation.
Therefore, using a mass ratio of 50 is expected to provide conservative predictions of the
respirable release. Because the particulate released will likely be coated with water, a maximum
released particle size of 20 pm is considered respirable to allow for evaporation en route to the
receptor. For a mass ratio of 50, the Steindler-Seefeldt correlation predkts that a total of about

1 x 10-2g of particulate (less than 20 ~m) will be released per gram of TNT (see Figure 6 of

Steindler and Seefeldt [1980]). The total amount of respirable fine sand and tiel particulate
released is expected to be

(1X 10-’ g/g TNT)(2.28 X 102g TNT)= 2.28 g.
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Of this total respirable particulate released, 84 percent (5.4x 106g16.45 x 10’ g), or 1.91 g, is

calculated to be feel solids, while the remainder is tine sand. The onsite dose at 100 m from the
building is calculated using

Da,. = (ST)(X/Q’)(BR)(URD)

where

ST = source term respirable released quantity (g)

xIQ’ = atmospheric dispersion factor (s/m3)
BR = breathing rate (3.33 x 10+ m3/s for light activity)

URD = unit release dose (rem/g),

For this accident, a bounding source term of 1.91 g has been calculated, x/Q’ is selected
for an acute release with duration less than 1 hour to a receptor 100 m tlorn K Basins

@ittmann 1998), and the URD is 4.38 x 10’ rem/g for the assumed tie] composition. These
values lead to an unmitigated onsite dose at 100 m of

Dkti ,W = (1.91 g)(7.32 x 10-2s/m3)(3,33 x 104 m3/s)(4.38 x 10’ rem/g)
= 20.4 rem,

Additional unmitigated receptor doses are summarized in Table 3-14,

Table 3-14. Summary of Maximum Dose Consequences from
an Unmitigated Hydrogen Deflagration in the Fiker Vessel.

Receptor location I I I Guidelines”
xIQ’ (sfm’) rem EDE (Sv)

(rem) II 1 1

100 m east (onSite) 7.32 E-02 2.04 E+O1 25
(2.04 E-01)

Hanford Site bounday 12,040 m west (offsite) 3.58 E-05 9.97 E-03 5
(9.97 E-05)

Near river bank (480 m northwest) 2.15 E-03 5.99 E-01
(5,99 E-03)

Note ‘From Table 3B-5.
bAt annual frequency of> 1.0 x 10+to SI.0 x 10<.

EDE = effective dose equivalent.

3.4.2.3.4 Comparison to Guidelines. The radiological dose consequences estimated for

the unmitigated hydrogen deflagration in the IWTS filter vessel is shown to be less than
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evaluation guidelines for the estimated extremely ufllkely frequency of occurrence. These
potential dose consequences are orders of magnitude lower when credit is taken for the safety

significant designation of the cesium detection system used to mitigate the filter backwash

accident scenario.

3.4.2.3.5 Summary of Safety-Class Structures, Systems, and Components and
Technical Safety Requirement Controls. No safety-class or safety-significant mitigating
features are required for this scenario. However, the safety-significant designation of the cesium
detection system for the mitigated backwash scenario also reduces the potential dose
consequences tlom the hydrogen deflagration scenario.

3.4.2.4 Fuel Oxidation in an Annular Filter Vessel. This accident is fuel oxidation at elevated
temperatures in arrannular filter vessel. Detailed calculations for this accident maybe found in

HNF-1777, K West Basin Integrated Water Treatment System @VTS) E-F Anmdar Filter Vessel
Accia%nt Calcrdatiorm (Watson 1998c).

3.4.2.4.1 Scenario Development. During normal operation, all filter vessels are
completely tilled with liquid, and oxidation or deflagration accidents are not credible. For this
accident, a leak is assumed to occur during an extended shutdown. The leak is assumed to drain
water from the annular filter vessel.

For a self-initiating and propagating reaction to occur in the fuel accumulated in the filter,
the water must be drained to below the level of the fiel. Whh the fiel no longer submerged, the
fiel temperature could rise through self-heating. The fuel could spontaneously oxidize, releasing
radionuclides from the vessel. The mass of damp sand and other filter media in contact with the
fuel are expected to act as a sufficient heat sink to prevent the fiel from self-heating above its
ignition temperature. While the duration of this accident could potentially be as great as several

days, it is conservatively estimated to occur over a period of 1 to 2 hours.

Event path analysis and annual accident frequency estimates were used to determine the
annual frequency for this accident sequence (Watson 1998c). The annual frequency of occurrence

for this filter vessel fuel oxidation accident is calculated to be 5.8 x 10<. The F2 (unlikely)
frequency estimated during the hazard analysis (Table 3-3) for fiel oxidation in the filter vessel

has been refined and changed to F1 (extremely rurhkely).

3.4.2.4.2 Source Term Analysis. The source terms for this analysis is based on known
compositions and quantities of hazardous materials stored or handled in the K Basins. Details of

the radiological inventory and source term development are provided in Appendix 3B. The
assumptions used in the analysis areas follows.

.
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The maximum fiel inventory in a single filter is one-third of the maximum

estimated total K West Basin sludge inventory from Bergsman (1998). By the
time this inventory has accumulated in the filter, no more than 10 percent of the

fiel will be metallic.
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. All particulate from the IWTS process stream are captured and retained by the
filter until a backwash is performed.

. The fuel composition reaching the filter is that expected from a Mark IV assembly
containing 16,72 percent 2%1.

. Fuel that has not been oxidwed will contain relative concentrations of cesium at

least as great as those expected in the Mark IV assembly (16.72 percent ~u),
Fuel that has undergone oxidation before the accident will contain little cesium and

is unavailable for dkect oxidation during the accident.

. The relatively small amount of metal tie] that could be accumulated in the filter
could not raise the temperature of the surrounding sand and oxide above the
ignition temperature of the fiel while it is oxidizing.

. The respirable release fractions during this accident for unreacting oxidized) fiel

are bounded by release fractions for the oxidation of fbel at elevated temperatures

that are below the ignition temperature.

3.4.2.4.3 Consequence Analysis. The mass of fuel accumulated in the filter for the case

where fiel content is not controlled by backwashing could be as much as one-third of the total
maximum K West Basin sludge invento~. The maximum estimated inventory is 16.2 metric tons

(Bergsman 1998), so that the total sludge mass in any one filter would not exceed 5.4x 10’ g.
Much of the particulate the] expected to reach the filter will have already been oxidized from

reacting with water in the basi~ but during the retrieval and cleaning process, amounts of small
metal particulate may be released into the IWTS. The amount of metal fbel available in the filter
vessels should be much less than 10 percent of the total fiel mass. While a greater percentage of

the fiel particulate that reaches the filter maybe metal, much of this metal will have oxidized
while sitting in the filter during the estimated two years of operations needed to accumulate one-

third of the basin inventory in the filter. The oxidized fiel, while not available to contribute to
release by direct oxidation, could be available for release by the heat generated by oxidation of the
intermingled metal.

Oxidation of the fiel above the ignition temperature (about 300 to 500 ‘C for plutonium

or uranium tines POE 1994] [Epstein et al. 1996]) is ufllkely in the massive damp fine sand
matrix of the filter vessel. Oiven the heat capacity of all the filter media and previously oxidized

fiel in the filter, one may apply engineering judgement to conclude that the ignition temperature
will not be reached as the relatively small mass of metal particles oxidize. The bounding source
term ffom the oxid~ing metal fuel maybe determined from an airborne release fraction (ARF) of
3 x IIY5 and the bounding release fraction @F) is 0,04 (DOE 1994, p. 4-l). These tlactions were

assessed to be bounding for the oxidation at temperatures below the ignition temperature for
plutonium metal (DOE 1994). The source term from the direct oxidation of metal fuel is simply
given by MAR x ARF x RF, which in this case equals

SADO02R2.IT1

(10%)(5.4 x 10’ g)(3 x 10-’)(0.04) = 0.7 g.
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The ARF for the oxide tiel near the metal fiel undergoing oxidation is expected to be less

than the ARF for the oxidting metal fiel. Therefore, applying the ARF and RF values associated
with plutonium oxidation below the ignition temperature to the release of the previously oxidized
fiel to determine its source term is conservative. The bounding source term from the oxide firel is
expected to be

(90%)(5.4 x 10’ g)(3 x 10”5)(0.04) = 5.8 g.

The total source term from direct release of oxidting metal and heating of previously

oxidwed fhel is calculated to be bounded by a value of 6.5 g. If the accident is assumed to occur
over 2 hours, atmospheric dispersion factors that account for plume meander are appropriate

(Rittman 1998). The estimated dose to an onsite receptor at 100 m is

Dtib ,W = {(5.8 g)+ (0.7 g)}(l.24 x 10-2s/m3)(3.33 x 10+ m3/s)(4.38 x 105 reru/g)

= 11.8 rem.

Additional receptor doses are summarized in Table 3-15. Regular backwashing of the
filters would substantially reduce the radiological source term and dose consequences for this
accident.

Table 3-15. Summary of Maximum Dose Consequences from

an Unmitigated Fuel Oxidation in the Filter Vessel.

~

Receptor location
Guidelines’

XIQ (din’) rem EDE (Sv)
(rem)

100 m east (onsite) 1.24 E-02 1.18 E+OI 25
(1.18 E-01)

Hanford Site boundary 12,040 m west (offsite) 2.60 E-05 2.46 E-02 5
(2.46 E -04)

Near river bank (480 m northwest) 5.55 E-04 5.26 E-01 —

5.26 E-03)

Note ‘From Table 3B-5.
bAtannual frequency of>l.O x 104to S1.0x 10+.

EDE = effective dose equivalent.
I

3.4.2.4.4 Comparison to Guidelines. Theradiological doseconsequences estimated for
the unmitigated fiel oxidation in the IWTS filter vessel is shown to be less than the evaluation
~idehnes fortheestimated efiremely ufllkely fiequenq ofoccumence. These potential dose
consequences are orders of magnitude lower if credit is taken for the safety significant designation
of the cesium detection system used to mitigate the filter backwash accident scenario.
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3.4.2.4.5 Summary of Safety-Class Structures, Systems, and Components and

Technical Safety Requirement Controls. No safety class or safety significant mitigating
features are required for the scenario. However, the safety significant designation of the cesium

detection system for the mitigated backwash scenario also reduces the potential dose
consequences from the filter vessel oxidation scenario.

3.4.2.5 Drop of One Ion Exchange Module onto Another. This scenario examines the
unmitigated consequences of an IXM being dropped onto another IXiYI during removal
(Watsou 1998d).

3.4.2.5.1 Scenario Development. The drop height is conservatively assumed to be

4.25 m (14 ft), the maximum drop height physically possible tlom the crane.

3.4.2.5.2 Source Term Analysis. Both IXMs are assumed to contain the maximum
radionuclide loading as shown in Appendix 3B, Table 3B-4.

3.4.2.5.3 Consequence Analysis. The RF, which applies to impact shock-vibration, is

derived from section 5.3.3.2 of DOE-HDBK-3O1O-94 (DOE 1994). The ARF and RF are
determined as follows:

A = empirical correlation (2.0 x 10-” cm3 per g-cm2/s2)
p = spec~ density (2,2 ~cm’ for concrete)
g = grawtational acceleration (980 cnr/s2 at sea level)

h = fall height (425 cm).

ARFx RF=1.8x10S.

This value is quite conservative because the model is for surface-contaminated material that

would be represented as being on the outside of the IXh4 concrete monolith. The assumption is
made that the quantity of material released is bounded by modeling the isotopes as being on the

surface of the concrete monolith even though the radionuclides are attached to the smaller resin
beads inside.

Using this assumption, the source term in Appendix 3B, Table 3B-4, and the 30-rnin
atmospheric dispersion factors from Table 3B-5, the onsite dose is calculated as

D = (ST)(X/Q’)(BR)(UItD)

where

ST=2 ~S x 1.8 x 10-s=3.6 x 10-$I~s
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ST is the released respirable fraction of the total radioactive content of the two LYMs.

Dosem=(3.6 x 10s IXM)(7.32 x 10-2slm3)(3.33 x 104 m3/s)(7.83 x 10*redIXM)
= 6.87 x 10-’ rem.

Additional receptor doses are provided in Table 3-16.

Table 3-16. Summary of Unmitigated Dose Consequences for the
Drop of One K West Basin IXM onto Another.

Receptorlocation
Guidelines’b

x/Q’ (s/m’) ranEDE(Sv) (rem)

ICOm E (onsite) 7.32E-02 6.87E-01 10
(6.87E-03)

HanfordSite boundary(12,040m west) (offsite) 3.58E-OS 3.36E-04 5
(3.36E-06)

Nearriverbank(480m northwest) 2.15E-03 2.02E-02 —
(2.02E-04)

Note ‘From Table 3B-5.
bAtamlfiequency of>l.Ox 104tosl.0x 102per J.L. Weamer(1996).

Weamer, J. L., 1996, Functions and Requirements for KBasin TransferBqv Cranes - Project A.S-A.6,
WHC-SD-SNF-FRD-023, Rev. O,Westinghouse Hanford Compsny, Ricidand, Wasfdngton.

EDE = effective dose equivalent.

3.4.2.5.4 Comparison to Guidelines. Theradiological doseconsequences fordropping

one LWvt onto another have been shown to be less than the risk evaluation guidelines for the
estimated ffequency of occurrence.

3.4.2.5.5 Summa~of Safe@-Class Stmctures, Systems, and Components and

Technical Safety Requirement Controls. Nosafety-class SSCsor TSRcontrols are required

by this analysis.

3.4.2.6 Knockout Pot Dropin Basin. Dropping aheavyobject, suchasa loaded knockout pot,

into the basin during operation could result in a potential criticality event and/or damage to the

basin structure or the fiel storage racks (Watson 1998d).

3.4.2.6.1 Scenario Development. IWTSoperating activities mayrequire movement of

heavy loads ofsludge rmdfuel particulate inthe knockout pots. Aloaded knockout potis

postulated to bedropped because ofequipment failure. Theknockout potdrops ontothe basin
fielracks orduectly onto the basin floor. Theimpact ofthisdrop ispostulated tocomprornke

sAJmo2R2ml 3-36 June1998



HNF-SD-SNWSAD-002 REV 2

the knockout pot geometric control of the pot contents resulting in a potential criticality event.
This accident is categorized as an operational accident.

3.4.2.6.2 Source Term Analysis. Because no release is anticipated from this accident, no

source terms were developed.

3.4.2.6.3 Consequence Analysis. The critically evahration, documented in
HNF-SD-SNF-CSER-011 (l+icksen 1998), assumes that the pot is structurally capable of
withstanding a drop from any height required for operations. An unmitigated drop event (above
the allowable height- weight limit) can lead to a potential criticality from a single failure. A
loaded knockout pot meets the height-weight limit tlom Table 3-10 of the K Basin SAR
(DESH 1998) for Iitls up to 1.8 m (6 ft). The drop of a loaded knockout pot from 1.8 m (6 ft)

shall not atTect the pot’s ability to maintain structural integrity and, therefore, geometric control of
its contents in a 1.8 m (6-R) drop. Based on not exceeding the rdlowable height and weight

defined in Table 3-10 of the K Basin SAR (DESH 1998), no significant damage or failure of the
basin will result should a drop occur during normal operations. A dropped knockout pot would
likely hit a fiel rack or the basin floor. The knockout pot when till, if dropped from a height that
exceeds the height-weight limit, could challenge the basin floor. Drops on the empty tire] racks
may crush or destroy the racks, which has been shown to be acceptable as analyzed in

WHC-SD-SARR-006, Evaluation of Safety Issues Associated with Damage or Removal of
KBasin Fuel Storage Racks (DESH 1997).

A drop of an empty knockout pot onto a full knockout pot during operation or maintenance

will be analyzed to verifi that a postulated drop is acceptable and does not challenge the ability of

the IWTS safety-class equipment to perform its safety firrtctiom

3.4.2.6.4 Comparison to Guidelines. The guideline applicable to this accident is that

single failures do not cause a criticality. Because postulated knockout pot drops from the
controlled height are acceptable, the knockout pot drop does not constitute a failure for criticality

purposes.

3.4.2.6.5 Summary of Safety-Class Structures, Systems, and Components and

Teehnical Safety Requirement Controls. To ensure that a knockout pot is not dropped from a
height greater than analyzed, a lifting hook specifically designed for moving knockout pots in the
basi~ must control the maximum lift height (1.8 m [6 R]). Because the IWTS knockout pot
Mdng hook limits the drop height of a knockout pot to the analyzed values for criticality control
purposes, it is required to be safety class. This control protects the assumption in the criticality
analysis (Ericksen 1998) that dropping a knockout pot does not compromise its ability to maintain

geometry control of its contents. The knockout pot Iitling hook required minimum length ensures
that the drop is within analysis assumptions. This passive component will be listed as a design
feature in the TSRS.

The criticrdhy safety evaluation includes a limit to prevent moving loaded knockout pots

over other knockout pots without an approved analysis to document that integrity is maintained in

a drop. This limit will be implemented by the K Basin criticality prevention specification.

SADO02R2.FT1 3-37 June 199S



HNF-SD-SNF-SAD-O02 REV 2

3.4.3 Beyond Design Basis Accidents
b

The only design basis accident identified is one in which the particulate settlers are
uncovered by a seismic-induced basin leak (Watson 1998d). Under normal condhions, the
particulate settling tanks are submerged in K Basin water. Thus, the hydrogen accumulation rate
is minimal, and the heatup rate is low. In case of a seismic event, the two top particulate settlers

could be uncovered because of water leaking from the K Basin. Based on the maximum allowable
post-seismic leak rate, it would take at least 5 days to uncover the particulate settlers. Therefore,
this accident is considered to be beyond extremely ufllkely and beyond design basis.

The particulate settlers are 10 pipes, each 4.9 m (16 ft) long with a diameter of51 cm
(20 in.), arranged in parallel. The total volume of each settler is about 1.0 m’ (35 fr’). If the
settlers are assumed to be half-fill of sludge, half the settler volume would be available for gas
accumulation, The total volume that could be occupied by gas in the two uncovered settlers is
1.0 m3(35 ft’). Following the technique used for the hydrogen deflagration in the filter vessel, a

respirable release can be obtained for the deflagration if the energy released is equated to that
produced by a mass of TNT. If a stoicbiometric mixture of hydrogen and oxygen gas were

generated and accumulated in the two settlers, 7.82x 106J (1 .87 x 10’ cd) of energy is the most
that could be generated by the deflagration. The anticipated amount of total energy released is
actually 10 percent of the maximum, or 7.82x 105J (1.87 x 10s cal). The mass of TNT that

could generate an equivalent energy release is 1.64 x 102g (0.4 lb). The Steindler-Seefeldt
correlation (Steindler and Seefeldt 1980) uses a mass ratio of MAR to TNT to determine the
respirable release. The mass ratio for the settler deflagration would be greater than 50. If a
conservative value of 50 is chosen for this ratio, 1.0 x 10-2g of respirable particulate per gram of
TNT equivalent is expected to be released. If the acute air dispersion factor is applied to the
accident release (duration <1 hour), then the estimated consequences to an offsite receptor are

calculated as follows:

DoseOmC = (1.0 x 10-2~ g TNT)(l.64 x 102g TNT)(3.33 x 104 m3/s)(3.58 x 10-s s/m3)
(4.38 x 105 rem/g)

= 8.6 x 10-3rem.

If a detonation is postulated to occur at some time following the seismic event, it is
reasonable to assume that a fiel oxidation event could soon follow. The methodology dkcussed
in the filter fiel oxidation accident scenario can be used to calculate the consequences of such an

event in the particulate settlers. If the sludge density is 2.61 ~cm3 ( 163 lb/ft3) (Bergsman 1998),

the mass of fhel filling the bottom half of two settlers would be 2.61 x 10c g (1.0 x 10c cm’ x

2.61 g/cm3). If all this tirel is assumed to oxidize or be released at a temperature below the

ignition temperature for the tie], an ARF and RF of 3.0 x 10-5 and 0.04 maybe applied
(DOE 1994, subsection 4.2. 1.1.3). The total respirable release from this accident would be

(2.61 x 106g)(3.O x 10-5)(0.04) =3.1 g.
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If this release is assumed to occur over 2 hours, the dose to the offsite receptor is

DoseOm@ = (3.1 g)(2.60 x 105 s/m3)(3 ,33 x 10+ m3/s)(4.38 x 10’ rendg)
= 1.2 x 10-2rem,

If the most extreme accident condition is considered without regard to credibility, all this

fuel could be assumed to bum. If the tlrel is assumed to bum or be released at a temperature
above the ignition temperature for the firel, an ARF and RF of 5.0 x 10+ and 0.5 maybe applied
(DOE 1994, subsection 4.2.1. 1.3). The total respirable release from this accident would be

(2,61 x 10’ g)(5,0 x 104)(0.5)= 6.5 x 102g.

If this release is assumed to occur over 2 hours, tbe dose to the offsite receptor is

DoseO=k = (6.5X102 g)(2.60 x 10-s dm3)(3.33 x 104 m3/s)(4.38 x 10s rem/g)
= 2.5 rem.

The estimated consequences of a deflagration, fuel oxidation, and fuel bum in the particulate

settlers are shown in Table 3-17.

Table 3-17. Summary of Offsite Unmitigated Dose Consequences of Beyond Design Basis
Accidents in Particulate Settlers. (Hanford Site boundary 12,040 m west)

Acoidents (caused by seismic-induced bssin leak) xIQ’ (slm’) rem EDE (Sv)

Hydrogen deflagration 3.58 E-05 S.6 E-03
(8.6 E-05)

Fuel oxidation 2.60 E-05 1.2 E-02
(1.2 E-04)

Fuel bum 2.60 E-OS 2.5 EtOO
(2.5 E-02)

Note Post-esrtAquake releases wazrring several days after the initiating event do not represent a risk to
unprotected onsite receptors or near-river occupants.

EDE = effective dose equivalent.
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APPENDIX 3A

HAZARDS AND OPERABILITY ANALYSIS OF INTEGRATED
WATER TREATMENT SYSTEM INK WEST BASIN
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Table 3A-1. Node 1: Process Descrbtion: Pbirw? from Canister Decarminz, (June 24. 1997) (2 sheets),- ..-. /.–..–,
Process Guide wordl

Cause
Resulting abnormal

Consequence
Engineered Adnrinkhrive Freq,

mrsmeter deviation condition features contiols rank

low As well as Screen failure Possible violation of Criticality Knockout pot F1
rent) (x),25 in. criticali~

particles) requirements
downstream

Part of NIA

Reverse Pump failure Backflow from other Increased contamination PIUllpinterlock Procedures F2
FRsplunps in basin

Area radklion Surveillance
monitors

otherthanMisvaluing Backtlow tlom Cold Increased contamination Area radiation Prrxedures F2
Vacuum Drying in tbe basin monitors
Facility unloading

. . -.. . . . . —.. ..— -.

ALARA = as low as reasonablyachievable.
FRs =fuelretrievalsystem.
NIA = not applicable.

Cons.
rank

S2
P

F1
(c

Note l%rtIcqxults J. Hunacek, l). lakasunu, K. Bergman, J. Loonus, K, Melclde, S. KensIckI, F. 1301yaxd,T. Pauly, J. Kurla, V. Hoet-&,
C, Lmdquist, J. Siemer.
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Table 3A-2. Node 2: Process Description: Piping from Primary Cleaning. (June 24, 1997) (2 sheets)

Prucess Guide wordl
Cause

Resulting abnormal
Consequence

Engineered Administrative Freq. cons.
parameter deviation cundition features controls rank rank

Flow Less Partial conditions Accumulation of Increased worker dose Area radktion Surveillances F3 sl
(COnt) for no (e.g., prdicrdate in piping rate from equipment monitors

partially plugged
screen)

As well as Screen failure Possible violation of Criticality
x3.25%

Kmxkout pot F2 S2
eriticsli~

particles requirements
dowma&eam

Part of NIA

Rever% Pump failure Backtlow tlom other Increased Punrp interluck Prcahrres F2 S1
FRs pumps contamination in basin

Area radiation Sruveillancx_
monitom

otherthanMisvaluing Backllow from Cold Increased Area radiation Procedures F2 S1
vacuum Drying contamination in the monitom
Facility unloading basin

Note Participants J. Hunacek, D. Takawnri, K. Bersrman, J. Loomis, R. Meicide, S. Kensicki, F. Bolyurd, T. Pauly, J, Kurta, V. Hrefa,
C. Lmdquist, J. Sienrer.

ALARA = as low as reasonablyachievable
FRs =fuel retrievalsystem.
WA = not applicable.
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Table 3A-3. Node 3: Process Description: Piping from Downdraft Table. (June 24, 1997) (2 sheets)

Prucess Guide wordl
Cause

Resulting abnormal
Consequence

Engineered Adnrinkative cons.
parameter deviation currdition features

Freq. rank ~d
contxcds

Flow Less Psrtial Accumulation of Ineressed worker dose Area rrdatiorr Surveillances F3 S1
(cent) conditions for no particulate in piping rate ffom equipment monitors

(e.g., putially
plugged screen)

As well as Screen failure Possible violation of Criticality Knuckout pot F2 S2
>0.25-in. criticality
paticles requirements

downstream

Pan of NIA

Reverse Pump failure Backtlow from other Increased contamination PrunPinterluek Procedures F2 S1
FRS pUMpS in basin

Area radiation Surveillance
monitors

Other than MiWalving Backtlow from Cold Increased contamination Area radiation Prc-xckues F2 S1
vacuum Drying in the basin monitors
Facility unloading

Note Participants: J. Hunacelc D. Taka.sruni,K. Bergsrmm, J. Luunris, R. MeicIde, S. Kensicki, F. Bolyard, T. Pauly, J. Kurta, V. Hoefer,
C. Lindquist, J. Siemer.

ALARA = as low as reasonably achievable
FRS = fuel retrieval system.
NIA = not applicable.



Table 3A-4. Node 4: Process Description Knockout Pot. (June 24, 1997) (2 sheets)

Prwess
Guide Resulting
wordl Cauae abnormal consequence Engirreer.xlfeatures

Admirrkative Freq. Cons.
parameter

deviation condition
controls rank rsnk

evel High Large Knockout pot Damage to lifting Differential pressure F2 S1
particles tco heavy equipment drop of indication

knockout pot
resulting in
contamination of
basin

Plugging or See no flow DiiTerentialpressure F2 S1
backtlow into indication
inlet hose

Low Screen PaItially full Premature See previous F2 S1
plugging knockout pot changeou~ ALARA

issue

IGmkout pot Partially full Contamination of See previous FI S1
lesking knockout pot basin water

No Pipe leak Flow of Contamination of See previous F2 S1
particulate into basin water
basin

Pipe Flow of Contamination of SW previous F2 S1
disconnected particulate into basin water

h..;”



Table 3A-4. Node 4: Process Description: Knockout Pot. (June 24, 1997) (2 sheets)

Process
Guide Resulting
word Cause abnormal Consequemx Engineered features

Administrative Freq. Cons,
parameter

deviation
controls

condition
rank rank

Composition Hydrogen Radlolysis Hydrogen Possible rollover vent to allow F2 S1
and fuel trapped in and release of hydrogen to offgas to
currosion particulate hydrogen causing the basin as it forms

matter contamination
spread during
disposal

Note Participants J. Hunacek, D. Takasumi, K. Bergsman, J. Lcmnis, R. Meichle, S. Kensicki, F. Bolyard, T. Pauly,
J. Kurta, V. Huefm, C. Lindquiat, J. Siemer.

ALARA = as low aareasonably achievable,

u



Table 3A-5. Node 5: Process Description Piping from Cold Vacuum Drying Facility. (June 24, 1997) (2 sheets).-

Prwess
Guide Resulting
Word/ Cause

Engineered Administrative
abnormal Consequence

mmtneter
deviation

features
Freq. rank Cons rank

condition
controls

Ow No Plugged pipe Lost time Repairs necessary, causing ALARA F3 S1 ‘
dose to workers progmnr

Increased Jncressed worker dose rate Area radiation Surveillances F3 s]
solids in in basin area monitors
piping

Sbieldmg

Booster Lost time Repaim necessary, causing ALARA F3 SI
pump off dose to workers program

Increased Increased worker dose rate Area radiation Surveillances F3 S1
basin in basin area monitors
contamination
from backtlow
of cesiunr

More NIA

Less Partial Accumulation Increasedworker dose rate Area radiation Surveillances F3 S1
conditions of particulate from equipment monitors
for no irrpiping

As well as Abnormal Possible CriticaliV Controls at F2 S2
(metric? operationsin violationof CVDF
[x3.25in. CVDF criticali~
particles]) requirements

downstream

Part of NIA



Table 3A-5, Node 5: Process Description: Piping from Cold Vacuum Drying Facility. (June 24, 1997) (2 sheets)

Process
Guide Resulting
wordl Cause abnormal Consequence

Engineered Administrative

Pwmeta deviation
features

Freq. rnnk Cons. rank

condition
controls

‘low (cart) Reveme Prnnp fsilure Backtlow Jncressed cmrtnrninationin Area radiation Procedures F2 SI

horn other truck from CVDF with monitors
FRs pmnps biglrer dose rate .%rrveilkmce

Reverse Pmnp failure Backtlow Spill to the floor if piping Area radiation Procedures F2 S2

tlom other stub not capped monitors
FRs pmnps Surveillance

Note Participants J, Htmacek, D. Tahmrrri, K, Bergmmm,J. Loomis, R. Meictde, S. Kensicki, F. Bolyard, T. Pmdy, J. Krntn, V. Hcefer,
C. Lindquist, J. Siemer.

ALAM = as low as reasonablyachievable,
CVDF = Cold Vacuum Ilying Facility.
FRs =fiel retieval system.
NIA = not applicable.



Table 3A-6, Node 6: Process Description: Existing Recirculation Pump Piping. (June 24, 1997)

Prccess Guideword/
Resulting

Cause abnormal Consequerm
Engineered Adminimative Freq, cons.

parameter deviation features
condition

controls rsnk rsnk

using
previous
HAZOP

Note Patticiparrts J. Hunacek, D. Tskssunri, K. Bergsrmrn,J. Loomis, R. MeichJe, S. Kensicki, F. Bolyard, T, Pmdy, J. Kurts, V.
Hoefer, C, Lindquist, J. Siemer.

HA20P = hszards snd operability.

Ts
I

Prccess
parameter

Thk system
has been
eliminated
tiom the

Je 3A-7. 1

Guideword
Deviation

lde 7: Process Description: Decant from Particulate Holding Tank. (June 24, 1997)

Resulting
Cause Engineered AdnrinisWdive Freq.

abnormal Consequence
features contiols

condition
r’snk

design

Note Paxticiparrts:J. Hunacek, D. Takasunri,K. Bergsrnan,J. Lcanis, R. Meichle, S. Kensicki, F. Bolyard, T. Pauly, J. Kwts,
V. Hcefer, C. Lindquist, J. Siemer.

Cons.
rank



‘I

Pr’xess
arameta

Ow

Ie 3A-8. Node 8: Process Description: Process Line Through Booster Pump.

Resulting
hide word/
deviation

cause abnormal Consequence Engineeredfeatures
condition1 1 1 1

0 IAII fuel retrieval I static line from lDecreased water IF1owindication
pumps stopped FRS quality with worker downstream of

exposure bcoster pllrllp

Area radiation
monitors

0 Lme break Possibly Desizn basis accident Flow indication
(large) puqrh”gbasin - downstream of

@ bcoster plltlp

Area radiation
monitors

‘~ filtration of water quality with worker

:June 24, 1997

Administrative
conwols

asinsampling

asinSanrpliig

circulation
UMplccked out
Me FRS is
perating

mill sampling

(2 shet

req.rrnd

2

2

cons.

rank

1

1

2

1



Table 3A-8, Node 8: Process Description: Process Line Through Booster Pump. (June 24, 1997) (2 sheets)

Prucess Guide wordl
Resulting

Cause abnormal Consequence Engineered features
Adnrinkmtive cons.

srsrneter deviation
Freq. rsnk ~ti

condition
controls

Ow Low Decreased flOW Irrcressed Decreased water Flow indication Bssin sampling F2 S1
Ont) through fuel- particulate quality with worker downstream of

retrieval pumps buildup exposure buoster plllllp

Area radiation
monitors

Low Line bresk Leak of basin Spray leak of bssin Constant air monitors F2 S2
(mull) wateroutsideof water

basin Arearadiation
monitors

As welles Previous
HAZOP studies
eontuin
informationon
contaminantsin
bssinwater

Patof

Reverse Misdirectionof Flowtobwxter De@rrirrgpUMp FI S1
filterbackwash pump

other than NIA

Note Patticipmrts J. HrmacelcD, Takasumi, K. Bergsrmm,J, LOUnris,R, Meichle, S. Ken.sicki,F. Bolyard, T, Pauly, J. Kruta, V. Hcefer,
C. Lindquist, J. Siemer,

FRs = fuel retrieval system
HAZOP = harardsand operability
NIA = not applicable.
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Table 3A-9. Node 9: Process Description: Chemical Addition Line. (June 24, 1997)(2 sheets)

Pr- Guidewordl
Resulting

cause abnormal Consequence Engineered Administrative cons.
parameter deviation features

Freq,rank ~d
condition controls

structural Less thnn Linebrink Leakof basin SprayIenkof basin Constantair F2 S2
integrity (writ) (small) wateroutaideof water monitors
(cent) do-emr of bnsin

check valve Area radiation
monitors

Note Ptiiciparrts J, Hunacek, D, Tnkmunri, K. Bergrrrrrnr,J, Loomis, R, Meicfde, S. Kensicki, F. Bolyard, T. Pauly, J, Krutn,
V. Hoefer,C, Lmdquist, J. Sianmr.

NIA =not applicable.
,-

8
h

Table 3A-10, Node 10: Process Description: Process Line to North Load-Out Ph. (June 24, 1997)

process Guideword/ ResultingabnormalI “
Cause ~ I -. Administrative Freq. cons.

pnrmneter deviation md features
controls rank rankmdition

~orrsequence mrgum

Line hns
been
eliminated
or changed

Me. S, Kensicki. F. Bolvnrd. T. Pardv.J. Kurta. V. Hcefer.Note Prnticipants: J. Hunacek, D. Takamnri, K. Bergsnrw J. Lwmris, R. Meic
C. Lindquist, J. Sienmr.

.,, ,,, ———,

NIA =not applicable.
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Table 3A- 11. Node 11: Process Description: Filter Backwash Line. (June 25, 1997) (2 sheets)

Precess IGuideword I

T
?mmetez deviation

low (eont) As well as
(pticulate)

FPart of

Reverse

~awe lResuhin~abnwrnd
con ition I Cotlsequence 1 E“gineeredfc%mlres

‘ailureto lock
ut FRS
UMpSduring
ackwash

1 I 1
lTransfer of ITransfer of lPossible control
particulate below particulate to interlock
filter screen IXM, making it

become TRU

fisvalving lBackflow of air lGperational I

Ithrougtr the system lp~oblem

Note Participants J. Hunacek, D, Takammi, K. BergsmarI,J. Loomis, R. Meichle, S. Kensicki, I
C. Lmdquist, J. Siemer,

FRS = fuel retrievalsystem.
IX&f = ion exchangemcdule.
N/A = not applicable,
TRu = hamumnic.

Wnrilristrative
eonkols

meedure

W.%dures

olyard, T. Paul)

Freq.
rank

1

Kurta,7

cons.
rank
1

0

kefer,



Table 3A- 12. Node 12: Process Description Process Line from Valve V-11 5 to Filter Vessel

Prucess
parameter

low
mckwaah)

(June 25, 1997) (4 sheets)

Resulting
luidewordl

Cause abnormal Consequent
Engineered

deviation
condition

features

0 Plugged pipes Jnability to furnish Worker exposure Recirculation
or filter bed backwash to filter during recovery pump discharge

action used for backwash

Attempting to Inability to Higher loading Permissive conmok
backwash backwash filter and dose rates
while filter is from filter
loading

Line break Possibly pumping Design basis Recirculation
(large) basin &y accident pump inlet is above

I I I ihe &mger level

Area rsdlation

Basin level

[ore Misvaluing Channeling of Decreased watm Area radiation Basin sampling
filter bed quality with monitors

higher dose rate

[ore MiSvalvirlg Excess flow rate Flushing more Flow indication Procedures
to filter media to

particulate
holding tank

Administrative
contruls

rixedure

F1

Freq.
rank

2

2

2

1

:ons. ml

,1

1
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Table 3A-12. Node 12: Process Description Process Line tlom Vrdve V- I 15 to Filter Vessel.

(June 25, 1997) (4 sheets)

Prccess Guide word/
Resulting

cause abnormal Consequence
Engineered Administrative Freq.

parameter devistion features
Cons. rank

condition
controls rsnk

Flow Part of NIA
(effluent)
(cent)

Reverse NIA

otherthan NIA

Note Participants J. Humcek, D. Takasruni,K, Bergrmmn,J. Lcmnis, R. MeichJe, S. Kensicki, F. Bolyard,T. Pauly, J. Kurta, V, Hoefrx,
C. Lmdquist, J. Sienrer.

FRS = fuel retrieval system.
JXM = ion exchangemodule.
N/A = not applicable,
TRu = tmrsmmic.

hi



Prccess
psmmeter

,Ow

Table 3A-13, Node 13: Process Description Service Air Line, (JL

Resultingluideworti
Cause abnormal Consequence

Engineered
deviation

condition
features

10 Air compressor Decreased Worker exposure tlom
failure backwash having to repeat

efficimmv backwaah I
Line plugging Decreased Worker exposure tiom

backwash having to repeat
efficiency backwash I

lore Miswrlving Loss of filter Worker exposure from Rate set valve
media having to add meda on air lime

ess Miswdvilw Decreased Worker exuosure tiom

I backwash having to r“~eat
efficiency backwash I

.swell as IContamination
)il) of compressor

air

T
everse Valve leak

Because of
extraction of
TRU, makes
fXMs become
‘TRU sooner

Tranafer of
contaminated
water to air lies,
receiver and
compressor

Worker exposure due to 011-tlee
changing out fXM compressor
Otkner

T

e 25, 1997)

Administrative
Freq.rank ::

controls

F2 s]

F] s]

F2 s]

F] s]

Fo. s]

mcedure F1 s]

urveillanw

Note Pmticipants J. Hunacek, D. Takasumi, K. Berganmn,J, Loomis, R. Meicbfe, S. Kensicki, F. Bolyard, T. Pauly, J, Kwta, V, Hoafer,
C. Lindquist, J. Siemer.

!XM = ion exchangemodule.
N/A = not applicable.
TRU = transum.nic.



Table 3A-14. Node 14: Process Description Process Line from Backwash Out-take to Filter Vessel.

(June 25. 1997) (3 sheetsl..?, .–-. /

Process Guide word/
Resulting

Cause abnormal Consequence
Engineered Administrative Freq.

cons. rank
mmmeter deviation features

condition
controls rank

low No AU fuel Static liie Decreased water Flow indication Basin sarnpliig F2 S1
retieval tlom FRS qualky with worker downstream of
pumps exposure booster pllmp
stopped

Area radiation
monitors

No Lme break Leak of basin Worksr exposure Flow indication Basin sampliig F2 S1
(large) water outside to pcol leak downstream of

of basin boostsr pump

Area radiation
monitors

No Lme break Possibly Design bssis Flow indication FI S2
(Isrge) pumping basin accident downstream of

@ bcostm pUMp

Area radiation
monitors

Basin level

More All pUMpSand Insufficient Decreased water Flow indication Recirculation pump F2 S1
recirculation filtration of quality with worker lecked out while
pump water exposure Area radiation FRS is operating
operating monitors

Basin sampling



Table 3A-14. Node 14: Process Description Process Line from Backwash Out-take to Fiker Vessel,

(June 25,1997) (3sheets)

Prccess Guideworti
Resulting

Cause abnomml consequence Engineered Administrative Freq.
ymuneter deviation features

condition
controls rank

low Less Decreased Increased Decreasedwater Flow indication Basinssmpliig F2
xmt) flow tiuougb pzticulate quality with worker downstream of

fuel rehieval buildup exposure booster prmlp
pumps

Area radiation
monitors

Less Lme break Leak of basin Spray leak of basin Constant air F2
(small) water outside water monitors

of basin
Ama radiation
monitors

Less Rupture of DP Leak of basin Pool leak of basin Constant air F2
line water outside water monitors

of basin
Area radiation
monitors

Less Diaphragm Leak of basin Spray Ieakof basin Constant air F2
pump failure water outside water monitors

basin
Area radiation
monitors

As well as >300~ Filter Ioadmg Worker exposure F2
pmticles at ~eater rate with more frequent
CaU.Sedby backwash
screen failure
in knockout
pot

1

:ons. rank

1

2

2



Table 3A- 14. Node 14: Process Description Process Line tlom Backwash Out-take to Filter Vessel.

Process
,wameter

,Ow
ont)

(June 25, 1997) (3 sheets)

Resulting
hide wordl

cause abnormal Consequence
Engineered Administrative

‘req’ Cons. rank
deviation

condition
features cantiols rank

swell as Lumps of Higher Worker exposure F2 S1
rent) flocculent dtierential with more frequent

pressure backwash
acroas filters

Hydraulic fluid Extraction of causesIxMs to FI S1
TRU become TRU

sooner and more
worker exposure

Reverse (air) Misvaluing Operational F2 so
during problems
backwash

Note Paticipantx J, Hrmwek, D. Takasumi, K. Bergman, J. Leonris, R. Meicide, S. Kensicki, F, Bolyard, T. Pardy,J. Kruta,
V. Hoefkr,C. Lmdquist, J, Sienrer.

DP = differentialpressure,
FRS = fuel retrievalsystem.
JXM = ion exchangemcdule.
TRu =transrmmic.



Table 3A-1 5, Node

77=

Process Guide word
deviation

Cauae
srsmeta

Flow No Plugged
pipes

Lme break

l-k
(large)

Line break
(large)

More Misvaluing

m
I rLhebreak

(mall)

15: Process Desc

Reauhingabnormal
condition

fnabllityto top
sluicefilter

Possibly pumping
basin dry

Leak of basin water
outside of basin

Excess flow rate to
filter

Incomplete top
sluice

Leak of basin water
outside of baain

@ion: Filter Top

Consequence

Worker exposure
during resovery
action

Design basis
accident

Worker expusure to
poul leak

Flushing more mcxia
to particulate

holding tank

Decreased filtia.tion
efficiency, cauaing
more tiequent
backwash

Spray leak of basin
water with aerosol
release

sluice Line. (June 25, 1997) (2 sheets)

Engineeredfeatures
Administrative Freq. cons

controls rank rank

Recirculationpump Procedure F2 S1
dischargewed for
backwash

Recirculationpump FI S2
inletis abovetire
dangerlevel

Arearadiation
monitors

Basinlevel

Areara~lation F2 SI
monitors

Basinlevel

Control ayatem
interlocks

F2 S1

Constant air monitors I F2 I S2

Area radkXiOn
monitors



Process
parameter

‘low (cent)

Table 3A- 15. Node

T

Guidewordl
deviation Cause

As well as Excess air
(air) valvedinto

system

4=
As well as Failure to
@rticulate) Icck out FRS

pumps
during top
sluice

Partof NIA

Reverse Misvaluing

5: ,Process Description Falter To~

Resulting abnormal
consequence

condition

x
No sigMcant
consequenws

uice Line, (June

Engineered features

BackOow of air Operational problem
through the system

7
5, 1997 2 sheets

Administrative Freq.
con~ols rank

Prceedures F3

I

Prceedures F2

Note Participants: J. Hunacek, D. Takasumi, K, Bergmran,J. Lcmris, R. Meicide, S. Kensicki, F. BolYard,T. PaulY,J. Ku@ V, H&fez,

Cons.
rank

S1

C. Lmdquist, J. Sienrer.

FRS = fuel retrievalsyatenr.
N/A = not applicable.



Ow

Table 3A-16, Node 16: Process Description: Backwash Outlet Line. (June 25. 1997),,
Prwess Guide word/

Cause
Resulting abnormal

Consequence Engineered features
Administrative Freq. con.%

,wrmeter deviation condition
No

controls rank rank
Outlet valve Backwash flow to the Decreased water qualhy Vnlve position indication Procedures F2 S2
shut basin via the vent and high dose rate in

vent piping csuaing Possible permissive
worker exposure

No Lme plug See previous
No Large pipe Pcd release to flcmr Worker exposure to Piping designed for Surveillance F2 S2

break pcol of contnnrinated service conditions
water with airborne
particrdstes Air monitoring

No Large pipe Pumping down basin Design bnsis accident Level monitotig in basin Backwash is a F2 S1
break level linked tinre

Piping designed for
service conditions

Air monitoring

Recirculation pump inlet
above dangw zone

More Flow when unfiltered flow to Filling pnrticrdate V-11 7 interlocked to my Procedures, FI s]
filter is being particulate holding holding tank with vent shut when iilta is being training
loaded tark to basin with decreased loaded

water quality and
worker exposure

Less Small pipe Spray release to basin Worker exposure to Piping designed for Surveillance F2 S2
break asea aerosol of contaminated service conditions

water with airborne

particulate .% monitoring

As well aa lNiA I I I I I I
Note Participants J, Hunacek, D Takasrrrni,K. Bergsman, J Lcomis, R. Meicide, S. Kensicki, F. Bolynrd, T. Pauly, J. Kurtis, C. Lmdquist, J.

Siemer



[u
;>
(h

Prneess
parsnreter

‘low

Tabh

Wide worti
deviation

10

10

10

10

lore

ess

3A-17. Node ~

cause

Blnckage of vent
and drain during
tikration

Blcckage of vent
and PHI line
during sluicing or
backwash

Large pipe break

Large pipe break

NIA

See “Non

‘: Process Des

Resulting
abnormal
condition

Pressurizationof
filtervessel

Pressurization of
filter vessel

Pw1 release to

flnor

Pumping dowm
bnsirrlevel

ription: Filter Ve

Consequence

Damagetovessel
withrelease of liquid
and particulate to
prncess area

Damage to vessel
with release of liquid
and particulate to
prncess nrea

Worker exposure to
peel of contaminated
watex with airborne
particulate

Design basis
accident

;el Vent, June 25, 199

Engineeredfeatures

Filteris pressurevessel
designedfor greaterthnn
mnximumpumphead

Liquidcontainmentnround
filtervessels

Falteris pressurevessel
designedfor greaterthnn
maximumpumphead

Liquidcontainmentaround
filtervessels

Pipingdesigned for service
conditions

Air monitotig

Level monitoring in basin

Piping designed for service
conditions

Air monitofig

22!E?EL
Mrninistrative

controls

rncedures

urveillnnce

Freq.
rnnk

F2

F2

.

F2

F2

cons.
rnnk



Table 3A-17. Node
I

Process

I

Guide word/
deviation

cause
pnrnmeter

Flow (cent) Less Small pipe brenk

&
As well as Blnckage of
(pWicles) particulate

holding tnnk line
during sluicing o
backwash

Part of WA

Reverse NIA

other tllnn NIA

7: Process Description Filter Vessel Vent. (June 25, 1997) (2 sheets)

Resulting
abnormal Consequence Engineered features

Administrative

condition
controls

Spray relesae to Worker exposure to Piping designed for service
basin area aerosol of conditions

contaminated water
with airborne Air monitoring
particulate

Flow of Contamination of Area radktion monitors
particulate from bssin water causing
filter to basin higher dose rate to Air monitoring in basin area

workers

1 I

Surveillance

Prcadures

Freq.
rank

F2

Note Participants J. Hunacek, D. Takasumi, K. Bergsman, J. I.comis, R. Meichle, S. Kensicki, F. Bolynrd, T. Pauly, J. Kum, V. Hoefm,
C. Lmdquist, J, Skxner.

N/A = not applicable.

;

Cons,
rsnk

S2



Table 3A- 18. Node 18: Process Description: Filter Bed Drain Line to Particulate Settle

{esulting abnormal
Consequence Engineered features

condition
Precess Guide word/
mameter deviation

!Ow No

No

No

No

More

Less

Less

Canse

:Iosed valve

‘lugged line

arge pipe brenk

arge pipe break

VA

ee’’No” .

mall pipe break

)abllity to renew Worker exposure Valve position
d tlom recovery indicators

actiom

Piping designed for
service conditions

Air monitotig

pod of
contaminated water
with airborne

cd release to flcwr Worker exposure to Piping designed for
service conditions

particulate

I r==
=

Worker exposure to Piping designed for

. (June 25,199

Adminis@ative
wntrola

Procedures

?rccedures

(2 sheets)-
Freq.
rank

-
con.%
rank

Wrveilkmce ;1

hveillanw. ‘2 ;2

krrveillance ‘2 ;2



Table 3A- 18. Node 18: Process Description: Filter Bed Drain Line to Particulate Settlers. (June 25. 1997) (2 sheetsl

Process Guide word

.-– . ----- —-, , \_ . . . . ..-.

Cause
Resulting abnormal

Consequence
Administrative Freq. cons.

mmrneter deviation condhion
Engineered features

controls

low

rank rank

As well as Air valve opened Gas transfer to Suspension of Underwater Procedure F2 s]
xmt) (air) during bed paniculate holding aerosols to

changeout tank particulate holding
tank vent line
causing aerosol to
basin

As well as Air valve opened Gas transfer to Suspension of Area raddion Procedure F2
(air)

SI
during bed particulate settlers aerosols to monitors
chrmgeout pticulate holding Surveillance

tardrvent line
causing a high dose
rate invent line
underwater

Part of NIA

Reverse NIA

other than Filter bed drain See “as well as”
(air) valve open and air “air”

valve opened or

leaking
..- . . ..— —.Note l’mtlclpants: J. Hunacek, D. ‘lakasunu, K. Bergsman, J. Loomis, R. Meiclde, S. Kensicki, F. Bolyard, T. Pauly, J. Kurta, V. Hoefa,

C. Lmdquist, J. Siemer.

N/A = not applicable



Prccess
psmmeter

evel

emperature

Table 3A-19. Node 19: Process Descri~tion: FMer Vessel, (June 25. 1997). ,–. ,
Wide word/

cause
Resulting abnornml

devistion
Consequems Engineered features

condition

tigh Overloading lExcess filter media in lWorker exposure during I
with media vessel before loading, recoveg action,
during making sluice out particukwly if excess
“sweetening” during backwash or media cannot be sluiced I

top s~icing dti]ctdt with instnlled systems

I@ Fsilure to lVessel filled with IWorker exposure during lDi&rential pressure
backwash filter sludge, reeking sluice rexovery action, monitotig
vessel (probably) out during backwash pticularly immaterial
for several cycles or top sluicing dtilcult cannot be sluiced with Area radiation

instnlled systems monitotig

Chester than Vessel filled with Worker exposure during Area radiation

300 pm particles sludge (because recovery action, monitoring
ditTerentialpressure particuhuly immaterial

I
does not change), cannot be sluiced with Knockout pot filter
making sluice out installed systems
during backwash or
top sluicing dfilcult

Ow Me&a removed Decreased filter Incrensed contamination Sight glass
with excess efficiency of IXMs with potential
water during for worker exposure
backwasb or top during chnngeout
sluice

tigh Uranium Excess hydrogen lHydrogen deflagration lTemperatie
corrosion generation or urnnium tire with monitoring
combined with (particularly if release of pnrticulates
low flow through temperature >60 “C and aerosols
me&a [140 “F])

1 sheets)

MninkMtive
controls

medures

rncedures

rncedurefor
~ckwash

Freq.
rank

2

2

2

2

1

cons.
rank

‘1

1

2



Table 3A-19. Node 19: Process Description: Filter Vessel, (June 25, 1997) (2 sheets)

Precess Guideword/
Cause

Resultingabnormal
Conaequeme

Administrative
parameter deviation Engineaed features

condition controls

Fenrp.emrure High (cent) Uranium Excess release of Releaae of cesiurn irrto Terrrperatie
:cont) corrosion cesirrrrrtlom solution, carraingloading rnorritorirrg

combmed with particulate of IXMs and extra
low flow through (particularly if exposure tlom that
media temperature =-60“C activity

[140“F])

Low IWA

?resaure High See‘NoflOWin
verrtline”
(node17)

Low NIA

composition Particles Screen failure Possible criticality Criticality Filter vessel is
>300yrn implications desimed to be

T
Freq, Corra.
rank rank

1 S1

Tcritically safe

Note Participants: J. Hunacek, D. Tahmrrri, K. Bergaman,J. bank, R. Meichle, S, Kensicki, F. Bolyard, T. Pauly, J, Kmta, V, Hmfer,
C. Lindquisq J, Sienrer.

KM= ion exchange mcdule,
N/A =not applicable.
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Table 3A-20. Node 20: Process Description: Filter Effluent ffom Valve V-115 to Ion Exchange Modules.

Prccess Guide word/
deviation

cause
parameter

low (cent)ILess ISndlpipe

I
break

k
As well as Filter
(articulates) inefficiency

(channeling,
etc.

Part of NIA

Reverse NIA

other than NIA

(June 2$

Resultingabnormal
condition

Sprayreleaseto basin
area

fXM becomes TRU
sooner

Worker exposure to
aerosol of
contaminated water

Worker exposure
during changeout

Piping designed for
service conditions

Air monitotig

Adminktmtive Freq. cons.
controls rank rank

Surveillance F2 S2

Procedure F2 S1

g

p

f

Note Participants J. Hunacek,D, Takasumi, K. Bergrman, J, Loomis, R. Meicble, S. Kensicki, F. Bolyard, T. Pauly, J, Kurta, V. Hoefm, :
C. Lmdquist, J. Siemer. &

0. .

FRS = fuel retrievalsystem.
.-

JXM=ion exchange mcdule. ~

N/A = not applicable.
TRu = tramumnic,

to



Table 3A-21, Node 21: Process Description: Particulate Holding Tank. (June 25, 1997)

Processparameter
Guide wordl ~aue Resulting abnormal

Consequence
Engineered Administrative cons.

deviation condition features
Freq. rank ~d

controls

This system has been
eliminated from the design

Note Participants J, Hunacek, D. Taka.mmi,K, Bergsmm, J. Lmnis, R. Meichle, S. Kensicki, F. Bolyard, T, Pauly, J. K@, V, Hcefm,

C. Lindquist, J. Siemer

Table 3A-22. Node 22: Process Description: Particulate Holding Tank Dewatering System. (June 25, 1997)

Process parameter
Guide wordl ~awe Resulting abnormal

Consequence
Enginwred Administrative

Deviation condition features conwols
Freq rank ::

This system has been
eliminated from the desigp

Note Participants J. Hunacek, D. Takasumi, K. Bergm, J. Loomis, R. Meicide, S. Kensicki, F. Bolvard. T, Paulv. J. Kwta. V. Hoefer..
C. Lindquist, J. Siemer.

Table 3A-23. Node 23: Process Description: Ion Exchange Modules. (June 25, 1997)

Processparameter
Guide wordl cause Resulting abnormal

Consequence Engineered features
Administrative cons.

deviation condition
Freq. rank ~d

controls

Using previous HAZOP
study information

Government fumiahed
equipment

Note Participants J. Hunacek, D. Takasumi, K. Bergsman, J. Loomis, R. Meichle, S, Kensicki, F. Bolyard, T. Pauly, J. Kwta, V. Hoefer,C. Lindquist,
J. Siemer.

HAZOP = hazardsand operability



C. Lmdquist, J. Siemer,

HAZOP = hzzards and operability.

Table 3A-24. Node 24: Process Description: Process Line from Ion Exchange Modules to Distribution Header. (June 25, 1997)

Processpsmmeter Guideword/
Cause

Resultingabnormal
consequence Engineeredfeatures

Administrative Freq. Cons.
Deviation condition controls rank rank

Usingprevious
HAZOPstudy
information

Note Participants: J. Hunacek, D. Takasumi, K, Bergsman, J. Lcanis, R. Meicide, S. Kensicki, F. Bolvsrd, T. PaulY, J. Kmtz V. Hcefer.

..L10 Table 3A-25. Node 25: Process Description: Ion Exchange Module Drain Line to Basin. (June 25, 1997)
~

Resulting abnormal Administrative cons Y
Consequence Engineered features 0

condition Freq. rank ~ti
conwols 0

~

N

Note Participants: J. Hunacek, D, Takasumi, K. Bergman, J. fxxmis, R. Meichle, S. Kmsicki, F. Bolyard, T. Pauly, J. K@, V. Hoefer, C. Lindquist,
J. Siemer.

HAZOP = hazardsand oprabili~.



Table 3A-26. Node 26: Process Description Ion Exchange Modules Isolock Sampler with Drain to Basin, (June 25, 1997)

Processparameter
Guide word/

cause
Resulting abnonmrl

Consequence Engineered features
Administrative

Deviation eondltion
Freq. rank ::

contxols

Using previous HAZOP
study information

Note Participants: J. Hunacek, D. Takasumi, K, Bergsman, J. Lcomis, R. Meichle, S, Kensicki, F. Bolyard, T, Pauly, J, Kurta, V, Hoefw, C, Lmdquist,
J. Siemer,

HAZOP = hazardsand operability.

Table 3A-27. Node 27: Process Description: Air Supply Lines to Isolock Samplers. (June 25, 1997)

Processparameter
Guideword/

Cause
Resultingabnormal

Consequence Engineeredfeatures
Adminhative Cons.

deviation eondiion
Freq.rank ~d

controls

UsingpreviousHA.ZOP
studyinformation

Note ParticipantsJ. Hunacek,D. Takammi,K. Bergman,J.Lcarris,R, Meictde,S, Kensicki, F. Bolyard, T. Pauly, J, Kurta, V, Hmfer, C. Lmdquist,
J. Siemer,

HAZOP = hazardsand operability.

Table 3A-28. Node 28: Process Description: Ion Exchange Module Vents. (June 25, 1997)

Process parameter
Guide word/

Cause
Resulting abnormal

Consequence Engineered features
Administrative

Deviation condition
Freq. rank ::

controls

Using previous
HAZOP study
irrfonrration

Note: Participants J. Hunacek, D. Takasumi, K. Berssman, J. Leomis, R. Meichle, S. Kensickl, F. Bolyrird,T. PauIy,J. Kurta, V. Hcefer, C. Lmdquist,
J, Siemer.

HAZOP = hazardsand operability,



Table 3A-29. Node 29: Process Description Process Line from Filter Backwash to Main Process Line.

Prccess
parameter

low

kride worr3/
deviation

0

(Julv 29. 1997)(3 sheets). . . . . ,
Resulting

cause abnommd Consequence Engineered features
Administrative

condition
controls

, 1

lugging High dose rate in ALARA problems Line velocity Procedure to
pipingabove maintain flow
&iter- Operational impact Existing area

radiation monitors Differential presatm

Sight glaas and
video camera

‘alving High dose rate in ALARA problems Exkting area Procedure. to

Tor piping above radiation monitors maintain flow

water operational impact

Sight glass and Dtierential presaun

video camera

ecirculatio H@ dose rate in ALARA problems Redundant pUlllpS Procedures

pump piping above

Xwr water ]@ratiOnal impact

ipe break Leak to the basin ALARA problems lArea radiation lTesting
Iarea I lmonitors, shielding I

Criticality in the to knock down spray
High dose rate weasel pit leak aerosol

omputer High dose rate in ALARA problems Existing area Computer
roblems piping above radiation monitors diagnostics

water Operational impact

ilter High dose rate in ALARA problems Existing area R.ecove~
roblems piping above radiation monitors prcwedures

water Operational inmact

Freq.
rank

3

?

3 1

2

rank



Table 3A-29. Node 29: Process Description: Process Line from Filter Backwash to Main Process Line,

Process
?nrnmeter

low (C@)

(July 29, 1997) (3 sheets)

Guide word/
Resulting

Csu.se abnokrml Consequence
Adrnirrhative

deviation
Engineered features

condition
conwols

dore Full Resu.sperrsinnof ALARA problems Existing nrea operating
450 galhrrin mattial in in basin radiation monitors procedures
recirculation particulate settlers
flow snd transfer to Second-stage

second stage or particulate settlers
venting to basin

Bnnster Resuspension of ALARA problems Existing area operating
pump material in in basin radiation monitnrs precednres

addition pmticrdate settlers

and transfer to Second-stage

second stage or particulate settlers

venting to basin

ess Pump runs High dose rate in Worker exposure Radiation monitor Pump maintenance

backward filter caused by for filter procedures
incomplete accumulation
backwash

,s well as WA

art of Air Filter vent Pruticulate settlers SupporI rack for Procedures
plugged become buoyant settlers designed to

withstand vessel
buoynncy

)ther than Large Line plugging, see
pnrticles “No flOW”

I

—
:Ons.

rank

i-

i-

T

—

—



Table 3A-29. Node 29: Process Description: Process Line from Filter Backwash to Main Process Line.

(Julv 29. 1997)(3 sheets). . . . .

Process Guide word
Resulting

Cause abnormal Consequence Engineered features
Administrative Freq. Cons.

parameter deviation controls
condition

rank rank

Flow (cent) Reverse Valve BackRow to filter ALARA problems Diagnostic
failure

F2 S1
and potentially procedures
reaclring the basin Operational impact
through the filter
vent

Note Paticiparrts: J. Hunacek, D. Takasrrnri,K. Bergsman, J. L.conris,R. Meicble, S. Kensicki, T. Pardy,J, Kruta, V. Hoefer,
C. Lindquist, J. Sienrw.

ALARA = as low as reasonablyachievable,
NIA = not applicable.

NJ



Table 3A-30. Node 30: Process Description: Particulate Settlers. (Julv 29. 1997)(2 sheets). ..7, ..–,
Process Guide word/

Cause
Resulting abnormal

consequence Engineered features
Administrative Freq. cons

parameter deviation condition cmmols rarrk rank

low No Plugging High dose rate in Worker Area radiation Rexovery F2 S1
connecting piping exposure dining monitom procedures

recovery
actions

Reverse Valving error High dose rate in ALARA Valve pennissives Procedures F2 S1
piping problems

Operational
impact

ressure Hlgb Air (70 lbth’) Venting to basin ALARA Senlers designed to Procedures F2 S1
problems witbatand air pressure

and provided with
vent

Hydrogen Venting to bssin AIARA Hydrogen evolution Basin temperature F2 S1
generation problems Iiited by basin specifications

temperature control

Vent provided to
prevent
pressmization of
settlem

Reverse Valving error Spill to basin ALARA Area radiation Procedures F3 S1
(vacuum) problems monitors

emperature High Low basin EXWSShydrogen ALARA Vent provided to Basintemperature F2 S1
level generation causing problems prevent specifications

pressurization and pressurization of
venting to basin Operational settlers

impact



Process
parameter

emperature
!ont)

Notf

Table 3A-30, Node 30:

DBE causing
top tier of

settlers to be

uncovered

J-
Very low
basin ffom
DBE causing
toptierof
settlerstobe
uncovered

:ParticipantsJ. Hunacek,l
J. Siemer.

Process Description Particulate Settlers, (Julv29. 1997) (2sheets)

lesuking abnormal
Consequexwe Engineered features

Administrative
condkion contiols

3ydr0gen
xplosion causing

dispersion of

>alicuhte

Spread of Emergency
radioactive procedures
material outside
basin

‘ueltirecausedby Spreadof I Emergency
iel ignition in radioactive procedures
arks Imaterial outside I

basin I
,.

ALARA = as low as reasonablyachievable.
DBE = design bask earthquake.

1 I I
Takasumi, K. Bergsmm, J. J.,comis,R, Meicide, S. Kemsicki,T. Pauly, J, Kurta, V

-
Freq.
rank

1

1

efer, c

cons.
rank

2

2

Idquist,

to
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APPENDIX 3B

BASES FOR ACCIDENT DOSES

3BI.O PURPOSE

This appendix provides technical information in support of the accidents addressed in

Section 3.4.

3B2.O INTRODUCTION

Inhalation dose consequences from airborne hazardous materials depend on several

variables:

● Quantity of hazardous material released

. Resuspension rate or aerosolization of radionuclides arrd/or toxic materials from
respirable particles

. Dkpersion of airborne particles before they reach exposed individuals

. Duration that individuals are exposed to the particles, breathing rates, and other
factors.

The following section describes the estimated hazardous material inventories, the

generation of the source terms, and the calculational methods used to determine radiological
consequences of the postulated accidents.

3B3.O HAZARDOUS INVENTORIES

This section describes the estimated radiological and nonradiological hazardous material

inventories associated with the integrated water treatment system (IWTS).

SADO02R2.FT2 3B-3 June 199S
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3B3.1 DESCRIPTION OF RADIOLOGICAL MATERIALS

Most of the tlrel in the K Baains is from the N Reactor. A small amount is horn older

reactors. The total inventory of N Reactor flrel at the Hanford Site is approximately 2130 metric

tons of uranium (MTU). The inventory contains approximately 1800 MTU of tiels-grade tiel

and approximately 330 MTU of weapons-grade fuel. This inventory also contains 0.3 MTU of
fuel with an uncertain 240Pu content. The fiels-grade fuel was discharged from N Reactor

between 1970 and 198~ the weapons-grade fhel was discharged between 1986 and 1989,
although reactor operation ceased in 1987. The K East Basin holds approximately 3,670 canisters
containing approximately 50,700 Mark IV tiel assemblies. The K West Basin holds approximately
3,800 canisters containing 53,000 tlrel assemblies.

The fuel inventory in the K Basins includes many elements with breached cladding caused

by reactor discharge, subsequent handling, or deterioration during storage. The cladding failures
range tlom cracks to severely corroded he] elements. The exact number of damaged elements is

unknown (Bergsman 1993). Video imaging in the K East Basin from the summer of 1994
indicated that approximately 40 percent of the outer elements and 20 percent of the imer
elements have breached cladding. As a result of the cladding danrage, the uranium in some
elements was exposed to the water and has oxidwed during storage. The uranium oxidation
causes the fuel to swell and leads to further damage to the cladding, exposing fresh uranium to the
basin water and oxidation (WMs and Praga 1998). The K East Basin fuel is stored in open-top
canisters exposed to water in the basin. Fuel in the K West Basin was expected to be in better
condition because the K West Basin fuel is stored in sealed canisters that included a corrosion

inhibitor. Baaed on examination of fiel in canisters in the K West Basins, this expectation was
not accurate.

3B3.2 RADIOLOGICAL INVENTORIES

This section describes the radiological inventory and characteristics of the K West fiel,

basin water, canister sludge, ion exchange module, and filter backwash.

3B3.2.1 K West Fuel Radiological Characteristics

The total fuel mass in the K West Basin is 1038 metric tons. Approximately 2.5 x 10’ Ci
of fission and activation products and approximately 3.9 x 106 Ci of actinides are associated with
the fuel. HNF-SD-SNF-TI-O 15 (Duncan 1997) provides recommended tie] characteristic
summaries depending on how the data will be used. The safety or regulatory values are selected

by identi$ing the isotopic mixture of components expected to yield the largest airborne
radiological dose to an individual per writ of material released. The selection process to compare

the isotopic mixtures uses a reduced set of radionucfides that dominate dose calculations for
accident purposes. Plutonium and americium are expected to contribute most significantly to the

dose consequences of accidents involving fhel and/or sludge mixtures. The unit release dose

(URD) used for analysis 4.38 x 10’ rem/g (Rittmann 1998). This URD was used in this analysis
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to assess potential consequences of activities involving tirel and/or sludge mixtures.

3B3.2.2 K West Basin Water Radiological Concentrations

The K West Basin contains approximately 4.2 x 106L (1. 1 x 10c gal) of water for cooling
and shielding purposes. Table 3B- 1 gives the maximum K West Basin water radlonuclide

concentrations allowed by the IWTS specification (Bergsman 1998). The IWTS will maintain

general water concentrations of the radionuclides below the values listed in Table 3B-1. The dose
conversion factors (DCF) are from the U.S. Environmental Protection Agency (EPA 1988) and

allow the URD to be calculated. The URD given in Table 3B-1 is used in the consequence
analysis for the spray release of K West Basin water.

Table 3B-1. K West Basin Water Rrdonuclide Concentrations.

Isotope Concentration (Cfi) DCF (rem/Ci)
Dose per unit volume

(renriL)

‘Sr 5.00 E-07 2.39 E+(35 1.20 E-01

WY 5.00 E.07 8.44 E+33 4.22 E-03

137c~ 5.00 E-07 3.19 E+04 1.60 E-02

‘% (Total rdpha) 4.00 E-08 4.29 Et08 1.72 E+t31

Total URD 1.73 EtOl

DCF = dose conversion factor
URD = unit release dose.

Table 3B-2 indicates the maximum radionuclides expected in K West Basin canister water

and the calculated total URD used in the consequence analysis for the retrieval of high-cesium-

content fire]. HNF-SD-SNF-TI-048, Rev. O,Analysis of Waterflom K West Basin Canisiers
(Second Canrpaigz# (Trimble 1997), provides estimated radionuclide concentrations. The IWTS
specification (Bergsman 1998) states that the maximum amount of dissolved cesium in a canister
is assumed to be 25 Cl. Table 3B-2 presents the maximum expected radionuclide concentrations

for canister water, assuming that 25 C] of cesium are present and that the other components are
present in the same proportion as measured in the characterization study. The analytical results of
the canister water characterization study (Trimble 1997) found that 241Amwas not present in the
samples above the detection limit of about 3.78 x 104 Cfiarrel. A measurement of total alpha

present in the samples was found to be about 5.1 x 10s CAarrel. For the purposes of this safety
analysis, the measured alpha is assumed to consist of the individually measured plutonium
concentrations plus the undetected americium. If the americium accounts for the remainder of the
unidentified total rdph~ the w~ concentration averaged about 42 VmCfiamel.
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Table 3B-2. K West Basin Canister Water Radionuclide Concentrations.

Mope
Concentration Concentrationw

DCF (rem/Ci)
Dosepercanister

(Citxarrel) (Cilcalrister) (rem/canister)

‘H 5.49 E-07 2,35 E-02 9.62 E+(JI 2.26 EHIO

~co 7.28 E-09 3.11 E-04 2.19 E+05 6.81 E+(31

‘Sr 4.98 E-05 2.13 E+#3 2.39 E+05 5.09 Et05

WY 4.98 E-05 2.13 EtOO 8.44 E+03 1.80 EW4

137C5 5,85 E-04 2.50 EW1 3.19 E+04 7.98 E+05

~Tll 2.30 E-06 9.83 E-02 3.92 Ei08 3.85 E+07

z39~ 6.15 E-06 2.63 E-01 4.29 E+08 1.13EW8

241~ 4.25 E-05 1.82 E+OO 4.44 E+OS 8.08 E+08

Total URD 9.61 E+08

DCF = dose.conversion factor.
URD = unit release dose.

3B3.2.3 K West Canister Sludge Radiological Characteristics

The canister sludge for the K West Basin is assumed to have the same nuclide mixture as
K West fuel (Rittmann 1998). The K West fbel safety or regulatory assessment design basis feed

(Mark IA assembly with 16.72 percent ~) was used to estimate the total activity in the canister
sludge (Bergsman 1998). The unit doses from the worst-case fisel are calculated in Table 3B-3.
The fiel activity information from HNF-SD-SNF-TI-059, A Discussion of the A4ethodolo~for
Calculating Radiological and Toxicological Consequences for the Spent Nuclear Fuel Project at
the Hanford Site (Rktmann 1998), is reproduced in the semnd cohumr of Table 3B-3. The unit

activity per liter of sludge derived in column 3 of Table 3B-3 is based on the assumption that
6.2 m3 (220 ft3) of sludge represents 16.2 MTU (Bergsman 1998). The unit doses per liter of

sludge released, shown in cohrrnn 5 of Table 3B-3, are calculated by multiplying the DCF in
column 4 by the derived unit activities in cohsrnn 3. The unit doses in Table 3B-3 are used to

conservatively calculate worst-case release consequences from accidents involving sludge.

Table 3B-3. Estimated K West Basin Canister Sludge Radionuclide Composition. (2 sheets)

ToraJactivity irrdesign Activity per liter
Isotope basis fiel

DCF
of sludge

Dose per unit volume

(CUM-J-U) (ci/L)
(rem/Ci) (rem/L)

3H 2.61 E+OI 6.82 E-02 9.62 E+OI 6.56 E+OO

~co 2.09 E+OO 5.46 E-03 2.19 Et05 1.19 E+03

%r 6.93 E+03 1.81 E+OI 2.39 E@5 4.33 E+06

WY 6.93 E+03 1.81 EtOl 8.44 EW3 1.53 E+05
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Table 3B-3. Estimated K West Basin Canister Sludge Radionuclide Composition. (2 sheets)

Total activity in design Activity per hter
Isotope basis fiel

DCF Dose psr unit volume
of sludge

(citMTu) (cm)
(ren3JCi) (remJL)

137~~ I 9.66 E++33 I 2.52 E+OI
I

3.19EW4 8.04 E+05

ln~u 1,13 E+02 2.95 E-01 2.86 E+05 8.44 E+04

155E” 1.06 E+01 2.77 E-02
I

4.14 E+J4 1.15 E+03

w 3.84 E-01 I 1.00 E-03 1.32 E+08 1.32 E+05

mu 1.27 E-02 3.32 E-05 1.23 E+08 4.08 E+03

w 3.31 E-01 8.65 E-04 1.18 E+08 1.02 EW5

W’u 1.33 E+32 3.48 E-01 I 3.92 E-H38
I

1.36 E+08

=% 1.73 E+02 I 4.52 E-01 4.29 E+08 1.94 Eto8

Wu 1.37 E+02 3.58E-01
I

4.29 E+08
I

1.54 Eto8

241~ 6.82 E+03 1.78 E+01
I

8.25 E+06 1.47 E+08

ul~ 4.34 E+02 1.13 E+O0 4.44 Eto8 5.02 E+t18 i

Total URD 1.14 E+09

DCF = dose conversion factor.
MTu = metric ton of uranium.
URD = unit release dose.

3B3.2.4 Ion Exchange Module Radiological Characteristics

Currently, the ion exchange modules (IXM) are changed out before they reach 80 to
90 percent of the maximum transuranic isotope loading of 100 nCdg. An MM module weighs

approximately 20,000 kg (44,000 lb). This results in a maximum of approximately 1,7 CI of
transumnic isotopes per IXM. Another criterion (based on a dose rate) is the changeout of IXMS
when the 137CSloadhrg is 300 Cl. Both criteria are assumed to be met simultaneously by loading
the IXM with 1.7 Cl of transuranic isotopes and 300 Cl of ‘37CS. Also, the IXM is assumed to be
loaded with ‘Sr and ‘Y at a ratio comparable to the ratios of canister water shown in
Table 3B-1. The resulting loading on a single IXM is summarized in Table 3B-4.
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Table 3B-4. Maximum Isotopic Loading for One K West Ion Exchange Module

Isotope Ci per IXM DCF (rem/Ci)
Dose pa JXh4

(remiIXM)

‘Sr 1.80 E+02 2.39 EW5 4.30 Et07

$QY 1.80E+02 8.44E+03 1.52E@6

137(J I 3.0 E+02 3.19 E+04 9.57 Eto6

%’u (representing tmnsuranic 1.70 EtOO 4.29 E+08 7,29 E+08
isotopes)

I sum I 7.83E+08 I

DCF=dose conversion factor.
IXM = ion exchange mcdule.

3B3.2.5 K West Annular Filter Backwash Radiological Characteristic

Rittmann (1998) gives the assumed fuel composition and the calculated URD used in the
accident consequence anrdyses for the filter backwash scenario (Rittmarm 1998). This
composition and resultant URD are expected to be conservative. The inventory composition in
the filter could be adjusted to allow additional transuranic isotopes (up to 10 times) to accumulate
in the filter as oxide. This oxide will likely have released its soluble fission products, such as
cesium. The composition in this case would have a reduced concentration of cesium, while
essentially maintaining the concentrations of the transuranic isotope species. Because the
transuranic isotopes account for more than 99 percent of the total URD (Rittmann 1998), an
adjusted filter invento~ would have a similar but slightly lowered URD.

3B4.O DESCRIPTION OF EAZARDOUS MATERIALS

3B4.1 FUEL CHEMICAL COMPOSITION

The K East and K West Basins contain primarily irradiated N Reactor fuel. This fiel is
primarily made up of two hazardous elementy uranium and zirconium. The following discussion
is based on information contained in the Purex TechrricalA4arrual @HO 1983).

The N Reactor flrel is composed of met~lc uranium fuel elements clad in Zkcaloy-2. The

assemblies are fabricated in two basic designs, Mark IV and Mark IA, differentiated primarily by
diameter and ‘5U content. Both are tube-in-tube designs. The two fiel assemblies have different
diameters and come in various lengths.
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The use of zirconium-beryllium braze rings to close the tirel is unique to N Reactor firel
(RHO 1983, Schulz 1972). This instruction appears to have contributed to cladding fires

ignited by mechanical shock when N Reactor tiel was processed by shear-leach methods
(Schulz 1972). Aa each firel element was fabricated, it was stamped with an identification code

that indicated the compositio~ length and cladding thickness of the inner and outer components.

As the firel was loaded into storage atler being irradiated, the identification code for each element
was recorded on a bucket-loading summary, which was used to plan and document each change.

Uranium burns in air at 150 “C to 175 ‘C, with formation of U30X When finely
powdered, it decomposes slowly in cold water and more quickly in boiling water (Merck 1989).
When finely divided, uranium is pyrophoric (CRC Press 1986). Massive uranium bums steadily at
700 “C (Benedkt et al. 1981).

The powder form of zirconium has a very low ignition temperature and is very explosive
when mixed with oxidting agents. On prolonged heating, the compact form of zirconium
combines with oxygen, rritroge~ carbo~ and the halogens (Merck 1989). When finely divided,
zirconium may ignite spontaneously in air, especially at high temperatures (CRC Press 1986).

3B5.O ACCIDENT ANALYSIS METHODOLOGY

The radiological dose and toxic chemical exposure effects of the postulated accidents were

evaluated to determine the acceptability of the risk involved in the proposed operations. This
requires an estimate of the radiological dose and toxic chemical concentrations at the receptors’
locations caused by the accidental releases. No use of toxic chemicals has been identified for the
IWTS. The accident consequences were compared with their respective risk evaluation guidelines
(SeUers 1997) to determine a final list of safety-class and stiety-significant structures, systems,
and components.

Inhalation dose consequences from airborne hazardous materials depend on several
variables:

. Quantity of hazardous material released

. Resuspension rate or aerosolization of radionuclides arrd/or toxic materials from
respirable particles

. Dispersion of airborne particles before they reach exposed individuals

. Duration that individuals are exposed to the particles, breathing rates, and other
factors.

The base methodology for calculating radiological consequences for accidents analyzed in

this document is described in HNF-SD-SNF-TI-059 (Rhtmarnr 1998). Release fractions for
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radiological agents are calculated using both computer calculational techniques and engineering
hand calculations, as described in section 3B5. 1, or by using bounding estimates that have been
substantiated by experimental data.

The following section describes the generation of the source terms and the calculational
methods used to determine radiological consequences from the postulated accidents. The

radiological risk guidelines are presented in section 3.4 and the safety-class criteria and
safety-signitlcant criteria are presented in Appendix 4B.

3B5.1 RADIOLOGICAL INVENTORY AND SOURCE TERM DEVELOPMENT

The source term is the amount of radioactive material, in grams or curies, released to the

air. The initial source term is the amount of radioactive material driven airborne at the accident
source. The initial respirable source term, a subset of the initial source term, is the amount of
radioactive material driven airborne at the accident source that is effectively capable of being
inhaled. The airborne source term is typically estimated using the following equation
(DOE 1994):

Source term = MARx DRx ARFx RFx LPF

where

MAR = material at risk (Ci or grams)
DR = damage ratio
ARF = airborne release fraction (or airborne release rate for continuous release)
RF = respirable ffaction
LPF = leak path factor.

The material at risk (MAR) is the initial amount of material available for releasq the damage
ratio is the tiaction of the MAR actually tiected by the accident-generated conditions. In most of

the accidents considered in this anrdysis, the MAR accounts for the darnage ratio. For example,
the MAR for discussions of basin radionuclides would theoretically be the entire 1.2 x 106 L
(3.2 x 105gal), while the accident scenario may only involve the equivalent of 120 L (32 gal) of
basin liquid. Rather than go through the more rigorous discussion of 1.2 x 106 L as the MAR and
a darnage ratio of 1.0 x 104 to determine the 120 L (32 gal) of actual material involved in the
accident, this document defines the 120 L (32 gal) of liquid actually involved in the accident as
the MAR.

The airborne release fraction is the coefficient used to estimate the amount of a radioactive
material suspended in air as an aerosol and thus available for transport. For dkcrete events, the
airborne release fraction is a tlaction of tbe material affected. For mechanisms that continuously
act to suspend radlonuclides, an airborne release rate is required.
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The respirable fraction is the fraction of airborne radionuclide particles that can be
transported through air and inhaled into the human respiratory system. It is commonly assumed
to include particles of 10 pm aerodynamic equivalent dkrmeter and less.

The leak path factor is the fraction of the radionuclides in the aerosol transported through
some confinement deposition or filtration mechanism such as high-efficiency particulate air filters,
in which the aerosol is depleted before transport and inhalation. Because no specific depletion
mechanisms can be quantified and no high-efficiency particulate air filtration system is available,
this analysis will consider the leak path factor to be 1; no firther discussion of leak path factor is
provided.

3B5.2 ATMOSPHERIC TRANSPORT

Atmospheric transport calculations estimate the air concentration resulting from
atmospheric discharges of radionuclides and the resultant transport and dilution with
meteorological conditions. These air concentrations are used to calculate radiological doses. The
atmospheric dispersion factor (%/Q’) represents the dilution of an airborne contaminant from
atmospheric mixing and turbulence. The x/Q’ s were previously calculated for acute (short-term)
releases and a formula was developed for calculating releases lasting more than 2 hours
@ittmann 1998) for the onsite and offsite receptors. Vahres used in the current analyses are

shown in Table 3B-5. Credit is taken for plume meander for all releases with durations longer
than 1 hour.

Table 3B-5. Acute Maximum 99.5 Percent Sector Atmospheric Dkpersion Factors.

Receptor Imation
xIQ’ (din’)

30mill 1-2hour 12 hour 24hour

100 m radius (100 m E) (onSite) I 7.32E-02 I 1.24E-02 I 6.28 E-03 I – I

Hanford Site bormdsry (offsite) (12,040 m W) I 3.58E-05 I 2.60E-05 I – I 5.32E-06 I

Near river bank (480 m NW I 2.15 E-03 I 5.55 E-04 I – I I .76 E-04 I

3B5.3 RADIOLOGICAL DOSE CALCULATIONS I
The major radioactive exposure pathway for the identified accidents is inhalation of

radioactive material. Although dose contributions could originate from the submersion pathway,
the dose from the inhrdation pathway is much larger than the contribution from the submersion
pathway, as discussed in WHC-SD-WM-SAR-062, K Basins Safety Analysis Report
(DESH 1998).
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Potential doses fkom the ingestion pathway are not included in the comparison to risk
guidelines, because U.S. Department of Energy, Richland Operations Office, state, and federal
emergency preparedness plans are in place to limit ingestion in case of an accident.

The dose conversion factors for inhalation from EPA-520/l-88-020 (EPA 1988) are used to
calculate the radiological doses. The plutonium is assumed to be in the oxide form. To calculate
the effective dose equivalent in rew the following relationship is used:

D= ST XX/Q’ XBRXURD

where

D = dose (rem)
ST = amount of respirable material released (grams or liters)
x/Q’ = appropriate dispersion factor
BR = breathing rate (3.3x 10+ m3/see)
URD = unit release dose.
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4.0 SAFETY STRUCTURES, SYSTEMS, AND COMPONENTS

4.1 INTRODUCTION

This chapter provides details of the safety-class structures, systems, and components (SSC)
and safety-significant SSCS necessary for in the K West Basin integrated water treatment system
(IWTS) to ensure protection of the public, onsite workers, and the environment. The chapter also
describes the attributes required to support the safety tiurctions identified in the hazard and
accident analyses and subsequent derivations of the candidate technical safety requirements (TSR)
(associated with IWTS equipment and operation) for the facility. The following information is
included in this chapter

. Description of safety-class and safety-significant SSCS, including the safety functions

performed

. Identification of support system safety-class and safety-significant SSCS depended
onto carry out safety functions

. Identification of the tinrctional requirements necessary for the satety-class and
safety-significant SSCS to perform their safety fimctions, and the general conditions
caused by postulated accidents under which the safety-class and safety-significant
SSCS must operate

. Identification of assumptions needing TSR coverage.

4.2 REQUIREMENTS

The facility standards and criteria that apply to the IWTS are found in

HNF-SD-SNF-RD-001, SNFK Basins and Cold Vacuum Drying Starra2zrdRequiremerrts
Zdent@cation Document (Watson 1998). The standards and requirements applicable to the IWTS

equipment are found in WHC-S-0564, Spec@ation for Design Fabrication, Testing, and
Technical Assistance for the K West Basin Water Treatment System (Bergsman 1998).

4.3 SAFETY-CLASS STRUCTURES, SYSTEMS, AND COMPONENTS

This section discusses safety-class engineered features used in the design of the IWTS
equipment to ensure protection of the public, onsite workers, and the environment. The safety-
class determinations in this analysis are in accordance with the criteria identified in Appendix 4A.
The selection of safety-class SSCS is based primarily on their particular importance to defense in
depth. Safety-class SSCS prevent or mitigate releases to the public that would otherwise exceed
the offsite radiological risk guidelin~ they also prevent accidental criticality.
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The criteria for safety-class determination of SSCS as applied to the IWTS equipment are
presented in Appendix 4A Table 4A-1.

All dose consequences for the K West Basin IWTS are below the offsite risk evahration
guidelines for the corresponding frequency of each accident. Therefore, no numeric requirements

other than those for criticality protection are associated with any safety-class designation. The
safety-class equipment designations for the K West Baain IWTS are presented in Table 4-1.

4.3.1 Knockout Pot Vessels

4.3.1.1 Safety Function. The IWTS knockout pot vessels are designated as safety-class SSCS
for criticality prevention through geometry control as defined in section 6A2.2.2 and in the
critically safety evahration report, HNF-SD-SNF-CSER-O 11, Criticali& Safety
Evaluation Report for the K West Basin Integrated Water Treatment Systems Subproject A. 9
(Erickson 1998).

4.3.1.2 System Description. The knockout pots are cylindrical vessels constructed of 16-in.

schedule 10 stainless steel pipe. They are designed to a critically safe geometry. Figure 2-4 is a
sketch of the knockout pot. The knockout pots are designed and built in accordance with
Section VIII of the Boiler and Pressure Vessel Code (ASME 1995).

4.3.1.3 Functional Requirements. The knockout pot vessels are passive devices required to
maintain geometry control during normal condhions and potential 1.8 m (6-tl) drop accidents.
The safety class features are the inside diameter, height, and wall thickness. The maximum inside
diameter of the knockout pot is 40.11 cm (1 5.79 in.), the minimum wall thickness is 0.58 cm
(0.23 in.), and the maximum height is 86 cm (34 in.). A l-in. space between knockout pots in a
square lattice is required for criticality purposes. The constmction of each knockout pot
physically ensures that the spacing requirement is met. Initial placement of knockout pots in the
modified racks ensures that they are positioned in a square lattice, A single line arrangement is a

subset of a square lattice arrangement.

4.3.1.4 System Evaluation. The knockout pots may be moved underwater when an inventory is
present in the pots. A drop analysis demonstrates that the structural integrity of the knockout
pots meets their tinrctional requirements. The drop analysis is based on a maximum lift height of
1.8 m (6 ft). A special Iitliig device (similar to the canister Iitting hook) is used to ensure that litl
heights stay within the allowable limits (see section 4.3.3).

4.3,1.5 Controls (Technical Safety Requirements). The knockout pot vessels are passive
barriers and will be listed as design features in the TSRS.

4.3.2 Knockout Pot Screens

4.3.2.1 Safety Function. The IWTS knockout pot screens are designated as safety-class SSCS
for criticality prevention as defined in section 6A3.3 and in the criticality safety evaluation report
(Erickson 1998). These screens provide the particle-size protection for the annular filter vessels
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and the particulate settlers. Therefore, these screens protect against a potential above-water
criticality in the filters.
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4.3.2.2 System Description. The knockout pot screens are located in the top of the cylindrical
krrockout pots; the water must paas through them before exiting the knockout pot top discharge.
The 500-pm mesh stainless steels screens are designed to limit the size of particles that pass
through the knockout pots to downstream equipment. These screens are builttoASME(B31. 1).

4.3.2.3 Functional Requirements. The screens are required to have the specified 500 ~m
mesh. The 500 pm designation is nominal with “tolerances” allowed to 550 pm without
exceeding evaluated limits. The critically analysis is conservatively based on the 550 ~m urarrium
metal. The screens must be strong enough to withstand the forces from pressure buildup resulting
fkom filter plugging.

4.3.2.4 System Evaluation. The knockout pot screens are required to have the dimensions of
the mesh verified before construction acceptance.

4.3.2.5 Controls (Technical Safety Requirements). The knockout pot screens are passive

barriers and will be listed as design features in the TSRS.
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4.3.3 Knockout Pot Lifting Hook

4.3.3.1 Safety Fnnction. The safety function of the knockout pot lillkrg hook is to limit the
drop height for the knockout pot as defined in section 3.4.2.6.5. This ensures that the maximum
drop height for a knockout pot is bounded by the drop analysis to prevent damage to the
knockout pot and perforation of the basin floor.

4.3.3.2 System Description. The knockout pot litlhrg hook is a lifting device similar to the
existing canister Iithg hook (DESH 1998).

4.3.3.3 Functional Requirements. The knockout pot Iifdng hook functional requirement is to
be long enough to prevent raising a loaded knockout pot above the 1.8 m (6 ft) Mling height limit
to Iiit drop height to the amdyzed vahre. Testing of the knockout pot lifting hook shall verifi
that the maximum lift height of the bottom of a knockout pot is no more than 1.8 m (6 R) above
the basin floor under any conditions.

4.3.3.4 System Evaluation. The knockout pot Iifthrg hook will be designed to be long enough
to prevent raising a knockout pot above the maximum drop height analyzed. Suitable design
allowable are applied to the design to ensure that it will prevent failure with maximum knockout
pot loading.

4.3.3.5 Controls (Technical Safety Requirement). The knockout pot Iiilkg hook is a passive
component and will be listed as a design feature in the TSRS. The K Basin configuration
management program will ensure that the design fkatures are not inadvertently changed. Facility
procedures will provide adequate controls over knockout pot movements to ensure that only
knockout pot lifting hooks are used to lifl and move loaded knockout pots. No additional or
special controls are required.

4.3.4 Particulate Settler Vessels

4.3.4.1 Safety Function. The IWTS particulate settler vessels are designated as safety-class

SSCS for criticality prevention through geometry control as defined in section 6A2.3 and in the
critically safety evaluation report (Erickson 1998).

4.3.4.2 System Description. The settler vessels (Figure 2-5) are nominally 20-in., schedule 10
stainless steel pipes. They are arranged in an array of 10 pipes configured as two side-by-side
stacks of 5 pipes 15 cm (6 in.) apart. The particulate settler vessels are described and built in
accordance with the Boiler and Pressure Vessel Code (ASME 1995).

4.3.4.3 Functional Requirements. The settler vessels are required to maintain geometry control
during normal conditions and all credible accidents. The safety-class features are the inside
diameter, length and wall thickness. The maximum inside diameter of the vessel is 50.27 cm
(19.79 in.), the maximum length is 4.9 m (16 ft), and the minimum vessel wall thickness is
0.58 cm (0.23 in.).
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4.3.4.4 System Evaluation. The settler vessels are passive devices designed to adequately meet
the firnctional requirements.

4.3.4.5 Controls (Technical Safety Requirements). The particulate settler vessels are passive
barriers and will be listed as design features in the TSRS.

4.3.5 Annular FMer Vessels

4.3.5.1 Safety Function. The annular filter vessels are designated as safety class for criticality
prevention through geometry control as defined in section 6A2.4 and in the criticality safety
evaluation report (Erickson 1998).

4.3.5.2 System Description, The annular filter vessels have a tank-in-tank design. The tank-in-
tarrk design is required for critically safety with the inner tank normally empty. The filter vessels
are constructed of stainless steel. The imer tank diameter is nominally 1 m (3 ft-4 in.) and the
outer tank diameter is nominally 1.8 m (6-ft). The space between the inner and outer tanks
contains approximately 2.55 m3 (90 ft3) of filter media, The filter vessels are designed and built in
accordance with the Boiler and Pressure Vessel Code (ASME 1995). Figure 2-6 is a sketch of
the annular filter vessel.

4.3.5.3 Functional Requirements. The annular filter vessels are designed with dimensions
required to maintain geometry control. The stiety class features are the key dkrneters, wall
thicknesses, and imer vessel offset, The minimum outside diameter for the inner vessel is
100.97 cm (39.75 in.) and the maximum inside diameter of the outer vessel is 180.66 cm
(71. 125 in.). The minimum wall thickness for both the inner and outer vessels is 1.27 cm
(0,50 in.). The maximum inner vessel offset is 1.111 cm (0.4375 in.). The filter vessels must be
positioned within the vessel enclosure to maintain the minimum distances from the floor, walls,
and each other, as depicted in F@re 2-7. Enclosure wall dimensions shown in F@rre 2-7 are
maximum dimensions.

4.3.5.4 System Evaluation. The annular filter vessels are passive components that will perform
their geometry-control tinrction as designed.

4.3.5.5 Controls (Technical Safety Requirements). The annular filter vessels are passive
barriers and will be listed as design features in the TSRS.

4.4 SAFETY-SIGNIFICANT STRUCTURES, SYSTEMS,
AND COMPONENTS

This section discusses safety-significant engineered features used in the design of the IWTS
equipment to ensure protection of the public, onsite workers, and the environment. The selection
of safety-significant SSCS is primarily based on their particular importance to defense in depth,
Safety-significant SSCS prevent or mitigate releases of radiological materials to onsite workers
and releases of toxic chemicals to the offsite public and onsite workers.
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The criteria for safety-class determination of SSCS as applied to the IWTS equipment are
presented in Append~ 4A Table 4A-1.

The potential to exceed the safety-significant criteria for exposure to facility workers exists;
however all dose consequences for the K West Basin IWTS are below the risk evahration

guidelines for the corresponding frequency of each accident. Certain SSCS will be designed to
meet safety-significant requirements for purposes of mitigation and defense in depth. The safety-
sigrrificant equipment designations for the K West Basin IWTS are presented in Table 4-2.

4.4.1 Falter Vessel Radiation Monitoring System

4.4.1.1 Safety Function. The safety-significant function of the filter vessel radiation
monitoring system is to limit the source term allowed in the annular filter vessels as defined in

section 3.4.2.2.5. If the radiation monitor is not operating, the IWTS will not operate.

Table 4-2. Safety-significant Eaui~ment List for K West Basin
Int~gra~d Water Tre~tment System.

Design basis Functional
Performance criteria

Equipment Safety function
accidsrrts requirements

requiring TSR
coverage

Instrumentation Filter vessel Ltit source term Filter vessel Alsrm before None
and control radiation for safety analysis backwash spray limit

monitor(s) basis release

4.4.1.2 System Description, The filter vessel radiation monitoring system design details are not
yet determined.

4.4.1.3 Functional Requirements. The filter vessel radiation monitoring system will alarm
before more than 200 Ci of cesium are detected in a filter vessel.

4.4.1.4 System Evaluation, A timctionalhy test will be performed to ensure that the radiation
monitoring system will detect appropriate levels of cesium in each annular filter vessel.

4.4.1.5 Controls (Technical Safety Requirements). An administrative control will be
considered for inclusion in the TSR document for operation of the radiation monitoring system.

4.5 REFERENCES

ASME, 1995, Boiler and Pressure Vessel Code, Section VIII, “Pressure Vessels,” American
Society of Mechanical Engineers, New York, New York.

ASMEB31. 1, 1995, Power Piping, American Society of Mechanical Engineers, New York,
New York.

sArx)02R2.Pr2 4-6 June 199S



HNF-SD-SNF-SAD-O02 REV 2

Bergsmar+ K. H., 1998, Speclj2cation for Design Fabrication, Testing, and Technical Assistance
for the K West Basin Water Treatment System, WHC-S-0564, Rev. 1A DE&S Hanford,
Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.

DESH, 1998, KBasins Safety Arux)mis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S
Hanford, Inc., for Fiuor Daniel Hanford, Inc. Richkmd, Washington.

Erickso~ D. G., 1998, Criticality Safety Evaluation Report for the K West Basin Integrated
Water Treatment Systems, Subproject A.9, HNF-SD-SNF-CSER-01 1, Rev, 1, Fluor Daniel
Northwest, Inc., for the Fluor Daniel Hanford, Inc., Richland, Washington,

HNF-PRO-097, En~”neering Design and Evaluation, Fluor Daniel Hanford, Inc., Richland,
Washington.

Watso~ D. J., 1998, SNFK Basins and Cold Vacuum Drying Starralzrd Requirements
Zakntij?cation Document, HNF-SD-SNF-RD-OO1, Rev. 1, DE&S Hanford, Inc., for Fluor
Daniel Hanford, Inc., Richkmd, Washington.

sAlX?02R2m2 4-7 June 199S



SAIXI02R2.PT2

HNF-SD-SNF-SAD-002 REV 2

This page intentionally left blank.

4-8 June 1998



sAJX02R2P-r3

HNF-SD-SNF-SAD-002 REV 2

APPENDIX 4A

SAFETY CLASSIFICATION CRITERIA

4A-1 June1998



SADW2R2.FT3

HNF-SD-SNF-SAD-002 REV 2

This page intentionally Ietl blank

4A-2 June1998



HNF-SD-SNF-SAD-002 REV 2

APPENDIX 4A

SAFETY CLASSIFICATION CRITEIUA

Safety-class determinations in this analysis are made in accordance with the criteria and
requirements specified in the following paragraphs and shown in Table 4A-1. Table 4A-1 is

adapted from HNF-PRO-704, Hazard and Accident Analysis Process.

The two safety-class designations are safety class and safety significant. The selection of
safety-class and safe~-significant structures, systems, and components (SSC) is based primarily

on their importance to defense in depth. Safety-class SSCS prevent accidental nuclear criticality
or prevent or mitigate releases to the public that would otherwise exceed the offsite radiological
risk guideline.

Safety-significant SSCs prevent or mitigate releases of radiological materials to onsite
workers and releases of toxic chemicals to the offsite public and onsite workers. Thk includes
barriers that are judged to substantially contribute to defense in depth independent of quantitative
analysis. Safety significant also applies to general services-designated equipment that plays no

significant safety role but could degrade the safety tlmctions of safety-class or safety-significant

SSCS if not restrained during accidents. This is referred to as a”3 over 1” issu~ the”3” refers to
the older safety-class 3 designation (equivalent to general services under the current classification
system) and the “1” refers to the older safety class 1 designation (safety class under current
classification system). Safety significant also describes worker safety SSCS that protect facility
workers from serious injury caused by other than standard industrial hazards (those not controlled
by institutional safety programs), Institutional safety programs include safety training, radiation
protectio~ environmental protection, as-low-as-reasonably-achievable, emergency planning,

operational assurance, industrial safety, fire protection, and industrial hygiene.

REFERENCE

HNF-PRO-704, Hazard arrdAccident Analysis Process, Fluor Daniel Hanford, Inc., Richland,

Washington.
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Table 4A-1. Safety Structure, System, and Component Criteria,

Stmctures, systems, and components
Satety SSC
designation

1. Preverrtor mitigate offsite dose in excess of 5 mSv (500 nrrenr)TEDE. Sc

2. Placeor mainbin an operating prw.ess in a safe condition that prevents or mitigates offsite dose irr Sc
excess of 5 mSv (500m) TEDE.

3. Monitor the release of radbactive materials to the environment during and after accidents in
which the monitor’s output initiates the emergency response plan or operator actions to place the Sc
operating prcu%ssin a safe condhion in accordance with criterion 2.

4. Mai@An double contingency protection against m accidental nuclear criticality, Sc

5. Support the safety fanction of a safety-class SSC, This includes control and monitofig functions
(e.g., operating air, electrical power, instrumentation).

Sc

6. Prevent or mitigate a radiological dose or chemical exposure that challenges the risk evaluation
guidelines.

Ss

7. Place or maintain an operating process in a safe condition that prevents or mitigates consequences
that exceed criterion 6.

Ss

8. Prevent or mitigate.exposure in excess of 50 mSv (5 rem) TEDE or an airborne chemical
concentration in excesr of ERPG-2 to facility operators who are relied on to achieve the safe Ss
condition of criterion 2 or 7,

9. Morritor the release of radioactive ador hazardous materials to tAe environrrmrt during and after
accidents irrwhich the monitor’s output initiates tie emergency response plan or operator actions Ss
to place the operating prccess in a safe condition in accordance with criterion 7.

10. Suppmt the safety farrction of a safety-si~lcant SSC. This includes control and monitoring
functions (e.g., operating air, electrical power, imtnmxmtation).

Ss

11. Prevent or mitigate an acute fatality to a facility worker or serious injury to a group of workers,
except where the SSCS me controlled through an implemented irrstitationalsafety or radiation Ss
protexiion program.

12. Provide deferrse-irr-dqrtb prevention or mitigation of an uncontrolled release of radioactive andlor

hazardous materiaf deemti significant in tie safety analysis.
Ss

Notes: 1. Consider initiating events with a flequency greater than 101 per year to & planned events and

mitigate their consequences to within normal operational limits.

2. Where a postulated accident can cause multiple system failures, evaluate bounding consequemes at a

common receptor location. Select safety SSCS and determine residual consequences for the purpose

of designating other structures or systems,

3. For criterion 6-10, the previous designatim was SC-2 except for cases where SC-1 designatim was

applicable to the Preventionormitigationof toxicchemicalexrmures in excessof the offsite risk
gi;delines.

4. Designate SSCS that may prevent the adequate fmction of safety SSCS through physical i“termticm

(e.g., seismic event, pipe whip, jet impingement, water damage, environmental changes) at the same

level of importance as those potentially .a&cted SSCS.

5. Water treatment systems that use chlorine are considered to pose a risk commonly accepted by the

public vrovided their design is consistent with rmblic water treatment riant.s. Do not desienate such

systemi as SC or SS. -

6. See Section 2.4 of HNF-PRO-704for the prweduml steps that this table mpports. 1“ May 1995, [his

prcccdure dewped environmental and sm”dard i“dustrid SSCS from desig,naticm as raferv SSCS

These and othm”balance-of-plant SSCS are. considered to be “gemml servi&> SSCS. -

ERM =emergency respcmre planning guideline

Sc = safety class,

Ss = safety signiticamt.

Ssc = structure, system, and component.

TEDE = total effective do% equivalent.
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5.0 TECHNICAL SAFETY REQUIREMENTS

Technical safety requirement information will be provided in the update of the K Basins
safety analysis report (DESH 1998). Chapters 3.0 and 4.0 address candidates for technical safety
requirements, but until operations of K Basin systems and added subproject systems can be
integrated, speci@rg acturd technical satety requirements is not appropriate. No TSRS have been

identitled for the installation of the Integrated Water Treatment System. The passive safety-class

SSCS identified in Chapter 4 represent the design features as defined in DOE Order 5480.22. The
filter vessel radiation monitoring will be considered for inchrsion in the administrative controls.

REFERENCE

DESH, 1998, KBasins Safety Analysis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S
Hanford, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.

S.41M02R2.FT3 5-1 June 199S



SADC02R2.FT3

HNF-SD-SNF-SAD-002 REV 2

This page intentionally left blank

5-2 June 199S



HNF-SD-SNP-SAD-O02 REV 2

6.0 PREVENTION OF INADVERTENT CRITICALITY

The criteria used in the critically program and the engineered and administrative controls to
be used for prevention of criticality accidents are consistent with those currently defined in

Chapter 6 of the K Basins safety analysis report (SAR) (DESH 1998). Potential changes to the
program required for integrated water treatment system (IWTS) operation will be addressed in

the upgraded K Basins SAR. No changes have been identified to date. The IWTS criticality-
related accidents and an evaluation of accident scenarios are provided in Appendix 6A.

See WHC-SD-WM-SAR-062, K Basins Safety Analysis Report (DESH 1998), for an
overview of the organizational structure and interfaces and the technical and administrative
practices of the criticality protection policy and programs for the K Basins. These program
requirements will be applied to IWTS equipment and operations. The addition of the IWTS
equipment will not change this section in the K Basins SAR

6.1 OVERVLEW OF IWTS CRITICALITY ANALYSIS

The IWTS operations in the K West Basin were evaluated for potential nuclear criticality
accidents arrd found to be safe and within the limits established for the IWTS operations to meet
nuclear criticality safety criteria. The buildup of sludge containing fissile material was evaluated

and the fissile material configurations were found to be critically safe for all credible postulated
event sequences and material arrangements.

Many geometric configurations that could possibly lead to a criticality event under credible
normal, abnormal, and accident conditions are analyzed in the criticality safety evaluation report,

HNF-SD-SNF-CSER-011, Criticali@ Safety Evaluation Report for the K West Basin Integrated
Water Treatment Systems Subproject A.9 (Erickson 1998), The analyses in Erickson (1998)
establish the critically safety design limits, their bases, and the parameters to be applied to the
following items for prevention of criticality,

. K West Basin Integrated Water Treatment System annular filter vessel and enclosure
● Ion exchange modules
● Piping
. Knockout pot storage array and knockout pot lifting
● Integrated Water Treatment System particulate settlers.

The principal critically prevention criterion is that the effective neutron multiplication

(criticality) factor (~ shall not exceed 0.98 (~s 0.98) for IWTS operations, including
allowances for all uncertainties. A ~fi of less than or equal to 0,98 means that the system has at
least a 2-percent margin of reactivity, which has been determined to be satisfactory for this

application.
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6.1.1 Summary of Conservatism

The IWTS critically safety analysis was performed to develop parameters for design and to

ensure that the vessels as designed would be safely subcritical under all circumstances. Normal
operating condition analyses were not performed. At the time this analysis was started, much

information about the nature of the operations was not known. The total mass and volume of

sludge that comes fkom the fiel repackaging operations is not known and was conservatively

estimated.

Because of the stated purpose of the analysis, only worst case conditions were analyzed.

It was understood that all operations under normal expected conditions would be significantly less
reactive. The following are some of the more significant conservatism used in the analysis for

each vessel of concern.

● Knockout Pots

—

.

.

The knockout pots analyses assumed worst case materials and moderation,
This means the pieces entering the knockout pots were assumed to be maximum
sized (0.762 cm [0.30 in.]) and have the optimum packing fraction (0.25)
(Erickson 1997) resulting in optimal moderation. Under normal conditions
pieces of various sizes are expected to enter the knockout pots and the packing
fraction will be significantly higher (0.6 or higher). The system will normally be

significantly undermoderated.

The knockout pots were analyzed in essentially an infurite array (six by five). In

actual operatio~ the knockout pots will be in a single-line array, This will
reduce interaction significantly, which will reduce system reactivity. Also, a

design change added spacing bands to the knockout pots because the basin tirel
racks could not be counted on to ensure spacing under all postulated accident

scenarios.

Urrirradiated uranium metal was assumed to be the onlv material oresent. In
reality, because the fuel is irradiated, pieces of uranium metal may be present,

but uranium oxide, he] cladding, fission products, and other materials also will
be present. These other materials act as poisons to the system and will
effectively lower the system reactivity,

. Particulate Settlers

— The particulate settler analysis assumed worst case materials and moderation.
In this case, that meant the pieces entering were all maximum sized (550 pm,

maximum output from knockout pots). A packing fraction of 0.25 is used to

give optimal moderation. Under normal conditions, only particulate of sizes
less than 500 ~m are expected to reach the particulate settlers and the packing

fraction will be significantly higher (0.6 or higher). The 500 ~m screens in the
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knockout pot typically will remove particles smaller than 500 pm. The system
will normally be significantly underrnoderated.

— The assumption of the larger particrdates (550 pm), based on worst case
particles getting through the knockout pot screens, has a significant effect, on
system reactivity.

— The particulate settlers were assumed to fill completely. The volume of sludge
placed into the particulate settlers was completely independent of the total

quantity of material available in the basin. This also ignores the effectiveness of
the knockout pots in removing significant quantities of material.

— Unirradiated uranium metal was assumed to be the only material present. In
reahty, because the flrel is irradiated, pieces of uranium metal may be present,
but uranium oxide, tiel cladding, fission products, and other materials also will
be present. These other materials act as poisons to the system and will
effectively lower the system reactivity.

* Annular Filter Vessels

The annular filter vessel analysis assumed worst case materials and moderation.
In this case, that meant the pieces entering were all maximum sized (550 pm,
maximum output li’om knockout pots). A packing fraction of 0.25 is used to
give optimal moderation. Under normal conditions, particulate less than
500 pm is expected to be contained in the knockout pots and remaining

particles larger than approximately 50 ~m will be removed from the stream by
the particulate settlers. Only particulate under approximately 50 pm is expected

to be accumulated in the annular filter vessels. The packing tlaction will be

significantly higher (0.6 or higher). The system will normally be significantly
undermoderated.

The particulate settlers are expected to remove particles 50 pm and larger. The

assumption of the larger patticrdates (550 pm), based on worst case particles
getting through the knockout pot screens and particulate settlers, have a
significant effect on system reactivity.

— The annular filter vessels were assumed to fill completely. In actuality, alarm
set points for both pressure drop and dose rate will signal the need for a
backwash. This is expected to occur when the vessels are about 0,5 percent
fill. Also, the mass-volume of sludge placed in the annular filter vessels did not
consider the total quantity of material available in the basin and ignored the
material retained by the particulate settlers and the knockout pots.
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— Unirradiated uranium metal was assumed to be the only material present.
In realky, because the fiel is irradiated, pieces of uranium metal may be present,
but uranium oxide, fuel cladding, fission products, and other materials also will
be present. These other materials act as poisons to the system and will
effectively lower the system reactivity.

6.1.2 Summary of Conclusions

Conservative assumptions were made for determining worst-case normal and accident
conditions. The double contingency criterion requires at least two rmhkely, independent, and

concurrent changes in process conditions before a crhicalhy is possible. A contingency is a
possible but ufllkely change in a condition or control identified as an important factor in
preventing a nuclear criticality accident. For any single contingency, the system will still be

acceptably safe (i.e., ~fi less than 0.98, accounting for the uncertainties). The analysis shows that
the double contingency principle is met, and concurrent changes in process conditions are
necessary before a criticrdhy accident is possible. The analysis established the need for some

safety-class equipment and some controls on fuel handling.

The underwater storage and handling of fissionable material at the K Basins facility does not
require a critically alarm or cnticaMy detection system in accordance with DOE Order 5480.24,
The operational 4.9 m(16 ft) nominal water level provides sufficient shielding to persomel

(Schwinkendorf 1991).

The K West IWTS process equipment was analyzed in Erickson (1998). The analysis

covered the critically safety of the piping, the knockout pots, the particulate settler tubes, the
annular filter vessels, and the ion exchange modules. The analysis concluded that the IWTS
equipment remained safely subcritical for all normal and credible off-normal situations. Therefore,
a critically is not crdlble and a criticality alarm system is not required per the criterion in
HNF-PRO-546, Criticality Alarm System, Section 1.4,1.

6.1.3 Physical Limits

The IWTS piping is critically safe because its maximum dimension is 10.2 cm (4 in.). Piping

dimensions up to 48 cm (19 in.) are shown to be critically safe for the fire] composition in K West
Basin (Schwinkendorf 1995). No additional requirements are placed on piping for criticality
safety.

The knockout pots must be spaced at least 2.54 cm (1.0 in.) from each other, surface-to-

surtlace, and must be arranged in a square lattice (a single line arrangement is a subset of the

square lattice). These requirements may be met with any combination of spacing bands, locator
racks, or other methods. The wall thickness of the knockout pots are minimum dimension> and

the inside diameter and height are maximum dimensions as described in Chapter 4,o.
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The particulate settler tubes are critically safe for sludge particles up to 550 ~m because of

the tube dimensions and the spacing provided by the support materirds in the event of a collapse.
Safety-class filter screens are required on the outlet of all knockout pots to bit particles to this
size. The minimum wall thickness and maximum inside diameter and length of the particulate
settlers are controlled dimensions, as described in Chapter 4.0.

For the tilter vessel geomet~ established in this evaluation, the size of sludge particles

entering the filter vessel is limited to 500 pm or less. This rdso requires all inlet streams to be
positively controlled, such as with safety-class knockout pot screens, to limit particles to this size.
Dimensions as described in Chapter 4.0 are the minimum inner tank outside diameter and filter-
vessel wall thicknesses, and the maximum outer tank inside diameter and inner tank offset. The

vessel spacing dimensions are the minimum allowable without forther analysis. The dimensions of
the filter vessel enclosure shown in Figure 2-7 are maximum dimensions. Because of the large
filter vessel enclosure vent openings and the steel cover, water flooding was not considered to be

credible and was not analyzed. However, the vent openings must be inspected before first use to
ensure that the openings will not obstruct water flow from the enclosure.

6.1.4 Summary of Controls

Fuel canisters or other containers of fissionable material shall not be moved over the
knockout pot array pending fiuther analysis of fuel spilled tlom canisters into the array. This

shall be controlled via administrative prohibhions and mechanical stops to prevent canister
movement over the knockout pots.

The IWTS IXMs have been shown to be critically safe even if the inlet plutonium
concentration is increased by two orders of magnitude over that discussed in Erickson (1994).

6.1.5 Safety Class Equipment for Criticality Prevention

In summary, K West IWTS piping components and vessels have been analyzed to address
the criticahty concern. Cnticalhy is not a concern for the K West IWTS piping because of the
small size of the pipe.

The criticahty analysis for the K West knockout pot storage array indicates that criticality is
not a concern for a six-by-five array of knockout pots, provided spacing between the pots is
maintained at greater than 2.54 cm (1 in.), surface to surface.

The analysis results indicate that the particulate settlers located in the weasel pit will remain

subcritical for particulate sizes up to 550 pm during normal and credible off-normal condhions.
This particle size shall be ensured by requiring safety-class filter screens on the knockout pot

outlet. The filter vessels were shown to remain subcritical for all particle sizes below 550 ym.
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The IWTS IXMS have been shown to be critically safe by imposing very conservative

operating conditions.

6.2 REFERENCES

DES~ 1998, KBasins Safety Ana@is Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S
Hanford, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.

Erickso~ D. G., 1994, Criticality S@ety Evaluation of the 100KArea Ion Exchange Modules
and Ion Exchange Columns, WHC-SD-NR-CSER-01 1, Rev. 1, Westinghouse Hanford

Company, Ricldand, Washington.

Erickso~ D. G., 1997, CSER 97-005: Feasibility Study of the Criticali~ Safety of the
100 K Eust Basin Weasel Pit for Fuel Retrieval Sludge, HNF-SD-SQA-CSA-530, Rev. O,
Fluor Daniel Northwest, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.

Erickso~ D. G., 1998, Criticality Safety Evaluation Report for the K West Basin Integrated
Water Treatment Systems, Subpraject A. 9, HNF-SD-SNF-CSER-01 1, Rev. 1, Fluor Daniel
Northwest, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.

Schwinkendorf, K. N., 1991, KBasin Criticality Accident Analysis, WHC-SD-NR-CSA-O03,
Rev. O, Westinghouse Hanford Company, Richland, Washington.

Schwinkendofl, K. N., 1995, Criticality Safety Evaluation Report for Spent Nuclear Fuel
Processing and Storage Facilities, WHC-SD-SNF-CSER-005, Westinghouse Hanford

Company, Ricldand, Washington.

SA120021?2.PT3 6-6 June 1998



HNF-SD-SNF-SAD-002 REV 2

APPENDIX 6A

ANALYSIS OF INTEGRATED WATER TREATMENT SYSTEM
CRITICALITY-RELATED ACCIDENTS

SADO02R2.FT3 6A-1 June 1998



SADO02RHT3

HNF-SD-SNF-SAD-O02 REV 2

This page intentionally left blank,

6A-2 June 199S



HNF-SD-SNF-SAD-002 REV 2

APPENDIX 6A

ANALYSIS OF INTEGRATED WATER TREATMENT SYSTEM
CRITICALITY- RELATED ACCIDENTS

6A1.O INTRODUCTION

The criteria used by the critically safety program and the engineered and administrative

controls to be used for preventing criticality accidents are defied in U.S. Department of Energy
(DOE) Order 5480.24. As an operating organization with greater than exempt quantities of
fissionable material in its custody, the Spent Nuclear Fuel Project management is responsible to
ensure that the material is controlled in accordance with those requirements.

The criticality safety analyses associated with the Integrated Water Treatment System

(IWTS) during normal operations and accident conditions are summarized in the following
paragraphs. The critically safety impacts of incidents associated with IWTS operation other than

those associated with normal handling and storage in the basins are addressed in this appendix.
The normrd IWTS equipment inventory Ioadmg has been evaluated for potential nuclear critically
accidents and found to be stie and within the nuclear criticality safety criteria and limits
established for the IWTS operational activity. The basis of the nuclear safety Iiit at the K Basins
facility while the tirel is under water is that the neutron multiplication factor, ~, will remain
below 0.98 for all postulated accidents. A ~ of less than or equal to 0.98 means that the system
has a 2-percent margin of reactivity that has been determined to be satisfactory for this

application.

The internal volumes and/or diameters of the five IWTS components of interest (the
knockout pot storage array, the annular filter vessels and enclosure, the ion exchange modules

[IXMs], the particulate settlers, and the interconnecting piping) were evaluated for the maximum

safe parameters for mrirradiated 1.25 WtO/O 7-35uefichedfiel,Because unirradiated foe] is more

reactive than that same fiel would be after irradiatio~ these parameters are conservative from a

standpoint of nuclear criticality safety.

MCNP, the Monte Carlo computer code for neutron photon transport, Version 4A
(Breismeister 1993), was used for all criticality calculations except those involving the IXMS and

the piping.

For all calculations involving particulate, the optimum moderating conditions were used.
HIYF-SD-SQA-CSA-530, CS7?R 97-005: Feasibility Stu@ of the Criticality Safety of the
100 KEo.rt Basin Weasel Pitfor Fuel Retrieval Sludge (Erickson 1997), showed that a packing
fraction of 0.25 gave the highest reactivity for small uranium metal particles,
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Preventing accidental formation of critical masses in the IWTS equipment is based primarily
on mass limits and on contining the fbel in a critically safe geometry. Furthermore, the control is
based on the double mntingency criterion as stated in HNF-PRO-537:

“Process designs shall incorporate sufficient factors of safety to require at least two

utilkely independent and concurrent changes in process conditions before a criticahty
accident is possible. Protection shall be provided by either (a) the control of two
independent process parameters (which is the preferred approach if practical) or (b) a

system of multiple (at least two) controls of a single parameter. In all cases, no single
credible failure shall result in the potential for a critically accident. ”

For conservatism the safety analyses were based on rmirradiated fhel (initial enrichment) critical
mass parameters and optimal corrtlgurations.

A series of scenarios that are associated with IWTS operation and have a potential for

accidental nuclear critical@ were evaluated for the critically safety analysis associated with in-

basin tirel handling and operation. In all instances, at least two ufllkely, independent, and
concurrent changes (contingencies) in processing and/or operating conditions must occur before a
credible criticality accident is possible. Incredible single-contingency accidents also were analyzed.
The accidents analyzed are presented in section 6A2.O.

6A2.O CRITICALITY-RELATED ACCIDENT SCENARIOS

6A2.1 PIPING

The 10.2 cm (4-in.) backwash-feed pipe is evaluated by applying the available handbook

subcritical limit on diameter of an irrtirritely long cylinder for low-enriched uranium uranium-water

systems. For this 10.2 cm (4-in.) pipe, the uranium system is assumed to be heterogeneous

uranium metal with an enrichment of 1.25 wtYo, because using the maximum enrichment of the

fiel in K West Basin at zero exposure is conservative. For a 1.25 wt’Yo enrichment of uranium
metal pieces in water, the maximum diameter of an infinitely long, critically safe cylinder is about
42 cm (16.5 in.).

Schwinkendorf (1995) determined that a safe diameter for cylinders containing scrap
enriched to 1.25 wtO/. ‘SU is 48.26 cm (19 in.) using a cr-iticahty limit of 0.98 for km Because all
K West Basin IWTS piping is less than 10.2 cm (4 in.) in diameter, this piping is geometrically
favorable. A critically could occur only in piping of this diameter if the enrichment were
increased significantly beyond 5 wtYo, which is not possible with the material currently in the

K West Basin.
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6A2.2 KNOCKOUT POT STORAGE ARRAY

The maximum outer dnensions of an individual knockout pot were used in the analysis.
The steeI of the knockout pots is modeled as being 0.584 cm (0.23 in,) thick, A single case also

was run with the steel thickness reduced to 0.48 cm (O.19 in.) to account for possible corrosion or

fabrication tolerances. The knockout pots will not fit into the existing basin fhel storage
enclosures without the enclosures being modified, but several possibilities exist for situating the
knockout pots. Therefore, spacing between knockout pots was varied to determine the minimum

surface-to-surface space needed for critically safety. Approximately 20 knockout pots maybe
needed. Therefore, a four-by-five single-layer array of knockout pots was modeled. For
conservatism and compariso~ 30 knockout pots in a 6-by-5 single-layer array also was modeled.
The six-by-five array was used for most other calculations because the results showed a slightly
higher reactivity than for the four-by-five array.

6A2.2.1 Knockout Pot Contingencies

The critically contingency scenarios identified for the knockout pots are as follows.

● A knockout pot is accidentally dropped on top of the array of knockout pots.

. A spill of material from a knockout pot onto the knockout pot array was considered.
The knockout pots are constructed of stainless steel and are designed as Section VIII
pressure vessels (ASME 1995). Therefore, the knockout pots will not lose integrity
during the short time they are used.

. A fuel-canister-handling exclusion zone will be in effect around the knockout pot array.
The exclusion zone will consist of an administrative prohibition and mechanical stops to
prevent canister movement over the knockout pots,

6A2.2.2 Knockout Pot Evaluation and Results

6A2.2.2.1 Assumptions. The assumptions for the evaluation of the knockout pot storage array
include the following.

● All calculations assume that the fissionable material is unirradiated 1,25 wt% ‘“U

enriched fuel. This is conservative because the reactivity of the tlrel is reduced as
exposure is increased and all fire] is exposed.

. All calculations assume that the fissionable material is uranium metrd with a density of

19.05 g/cm3. This is conservative because much of the tirel is oxidized, especially the

small particulate. These small particulate likely will be oxides or will oxidize quickly
once formed.
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e For all calculations, the particles in the vessels are assumed to all be of maximum size
and optimally moderated. This is very conservative for the following reasons.

— All particulate are ufllkely to be of the maximum size.

— Small particles are less reactive than large particles.

— No mechanism has been identified to support the optimum lattice spacing.

● All firel fission products and tire] cladding are ignored.

e The neutron-absorbing effects of internal or external structures, other than the specific
verified vessel materirds, are ignored.

● AI] materials are evahrated at a temperature of 300 K

. Themodel usesoptimal particle spacing. Optimal particle spacing probably cannot be

achieved. ~so, thepatiicles areexpetied tosetile rapidly ineachpot during operation
orduring orafter transport inthe basin. Theoptimal particle spacing is conservative
and covers any possible disturbance of the pot load, including a seismic event or
incorrect valving.

● A particle size of 0.762 cm (0.3 in.) is assumed for all evaluations. This was shown
(Schwinkendorf 1995) to be the most reactive particle size for the fiel stored in the
K West Basin.

0 The inlet elbow on the knockout pot was not included in the model. This is
conservative because its omission allows the pots to be packed more closely than would
otherwise be possible.

6A2.2.2.2 Knockout Pot Models. The storage array of the knockout pots was modeled using
MCNP 4A (Breismeister 1993). Each pot was modeled as a right circular cylinder. By using the
lattice structure option in MCNP 4A both a four-by-five (Table 6A- 1, case k-n- la) and a six-by-
five array (Table 6A- 1, cases k-n-2a to k-n-2c and cases k-n-6a and k-n-6b) of knockout pots

were modeled. The surface-to-surface spacing between pots was varied from touching to
5.08 cm (2.0 in,) apart. The model used had 60 cm (24 in.) of concrete for the floor and a 60 cm

(24-in. )-thick water reflector on all other sides. This model is conservative because of handling
constraints, it is expected that the knockout pots will be stored in single-row arrays, with at least
one empty enclosure row separating knockout pot rows.

Case k-n-6b was run with the knockout pot wall thickness reduced from 0.584 cm (0.23 in.)
to 0.48 cm (O.19 in.) thick to account for any manufacturing defects or possible corrosion effects.
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Because the knockout pots will be placed into the basin near fidl fuel canisters, the normal
condhion analysis also included a case (k-n-5a) with the knockout pots near an array of canisters
fill of unexposed Mark IA tlrel,

For the off-normal analysis, the entire six-by-five array of knockout pots was modeled as
being two layers tall. This accounts for any hendliig of either knockout pots or fiel canisters
over or around the array and the accidental dropping of a knockout pot onto the array. The two-
layer-tall model is very conservative because only one knockout pot would be allowed to be lifted

over the array at a time, so only one location could be two layers tall. These results can be found
in Table 6A-1, cases k-o-3a and k-o-3b. Two cases, one with a six-by-five-by-one array and a

single row on the top layer (k-o-4a) and one with a six-by-one-by-two array (k-o-5a) of knockout
pots, were completed to show how conservative the model used is,

6A2.2.2.3 Knockout Pot Results. The results of the MCNP 4A runs for the normal and off-
norrmd cases are shown in Table 6A-1. As can be seen from the results in Table 6A-1, the size of

the knockout pot array does not have a significant effect on the system reactivity. This would

suggest that the six-by-five array is essentially infinite, The results also show that a small change
in the wall thickness has very little effect on the overall system reactivity. The small reactivity
reduction seen between cases k-n-2b and k-n-5a is not statistically significant. The results also
show that the knockout pots are significantly more reactive than the tlrel canisters, so the off-
normal model of two-layers-tall knockout pots is boundkrg and conservative. The comparison

between the original dimeusion base case (k-n-2b) and the two cases with the worst case
dimensions (k-n-6a and k-n-6b) show that the final design with the thicker steel actually is safer
from a criticality standpoint,

6A2.2.2.4 Knockout Pot Design Features (Passive and Active) and Administratively
Controlled Limits and Requirements, The knockout pots must be spaced at least 2.54 cm
(1,0 in.), from each other, surface-to-surface, and must be arranged in a square lattice. These

requirements may be met using any combination of spacing bands, locator racks, or other
methods. The wall thickness of the knockout pots is minimum dimensions, and the diameter and
height are maximum dimensions.

Fuel canisters or other containers containing fissionable material (other than knockout pots)

shall not be moved over the knockout pot array pending tln-ther analysis of fuel spilled horn

canisters into the array. This shall be controlled via administrative prohibitions and mechanical

stops to prevent canister movement over the knockout pots,

SAIM02R2.F’T3 6A-7 June I99S



HNF-SD-SNF-SAD-O02 REV 2

Table 6A- 1. Results of Critically Analysis for Knockout Pots.

Cass name Model description

k-n-1 a 14X 6 X 1 amav. surface-to-surface srmc.ing= 0.0 cm

k-n-2a 6 X 5 X 1 ~ay, surface-to-surface spacing = 0.0 cm

k-n-2b 6 x 5 x 1 array, surface-to-surface spacing = 2.54 cm
I rbass case) I

= 16x5x 1arrav.surface-to-surfacesuacinz= 5.08cm

[~n-3a lSie.lekncckoutmt.tidlreflection,----
k-n-4a lk-n-2b. but 0.457 cm (0.180-in.>wall thickness

E3=====Like k-n-2b, but worst-case radial dunensons and tbmker steel

Like k-n-6a, but original steal thickness (O.19 in.)

I k-o-3a lk-n-2b, but 6 x 5 x 2 array

%2%-t&l
0.9853 + 0.0013 I 0.996 I

0.9575+=0.0012 0.968 I

k-o-3b k-n-2c, but 6 x 5 x 2 array 0.9446 + 0.0013 I 0.955

k-o-4a k-o-3a, but single row on top layer 0.9565 + 0.0013 0.967

k-o-5a k-o-3a, but 6 x 1 x 2 array 0.9400* 0.0013 ] 0.951

6A2.3 INTEGRATED WATER TREATMENT SYSTEM PARTICULATE SETTLERS

The particulate settlers are made of 10 stainless steel pipes, each 50.8 cm (20 in.) in

diameter and 487.7 cm (16 ft) long. Under normal conditions, the minimum spacing between the
pipes is 15.24 cm (6 in.), and the minimum spacing between the pipes and the two side walls is
8.9 cm (3.5 in.). The actual distance from the concrete floor to the bottom row of the array is

30 cm (12 in.); the normal model’s use of 8.9 cm to the reflecting concrete floor is an additional
conservatism. Outlet screens on the knockout pot discharge limit the size of the particles entering
the settling tubes to 550 pm or less. The methodology employed in evaluating these particulate
settlers is similar to that used for the filter vessel enclosure and the knockout pots.

6A2.3.1 Particulate Settler Contingencies

The critically contingency scenarios identified for the particulate settlers are as follows.

. An event is postulated that relocates all 10 pipes from their normal position to a closely

packed array at the bottom of the pit. The minimum critically acceptable spacing is
determined to compare with the minimum spacing between particulate settlers that the
structural steel supports maintain.
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, An event is postulated where a single tube leaks all its particulate matter into a
hemisphere at the bottom of the pit. For conservatism, this event is postulated to occur

when all the settler tubes are tilled with optimally moderated particulate. The material
in the hemispherical pile at the bottom of the pit is not optimally moderated because no

mechanism has been identified to support the particle spacing necessary for optimal

moderation. A conservative packing fraction of 0.52 is used, based on the largest
allowed particle in a cubic lattice. This is conservative because particles would fall into

a more compact lattice than a cube, with a correspondingly higher packing fraction.

6A2.3.2 Particulate Settler Evaluation and Results

6A2.3.2.1 Assumptions. The specific assumptions for the evaluation of these particulate settlers

include the following.

e All calculations assume that the fissionable material is urrirradiated 1.25 wt% “U
enriched uranium tirel. This is conservative because the reactivity of the tiel is reduced

as exposure is increased and all lie] is exposed,

● All calculations assume that the fissionable material is uranium metal with a density of

19,05 g/cm3. This is conservative because much of the fiel is oxidized, especially the

small particulate. These small particulate likely will be oxides or will oxidize quickly
once formed,

. For all calculations, the particles in the vessels are assumed to all be of maximum size
and optimally moderated. This is very conservative for the following reasons.

— All particulate are ufllkely to be of the maximum size

. Small particles are less reactive than large particles

— No mechanism has been identified to support the optimum lattice spacing

● All fuel fission products and fuel cladding are ignored.

● The neutron-absorbing effects of intemrd or external structures, other than the specific
verified vessel materials, are ignored.

e All materials are evaluated at a temperature of 300 K,

. The model uses the optimal particulate spacing packing fraction of 0,25
(Erickson 1997). This is conservative because it is utilkely that optimal particle spacing

can be achieved during the normal operation of the settlers, The pipe diameter change
from the 10.2 cm (4-in.) inlet pipe to the 50.8 cm (20-in.) settler tube will cause the

flow rate to be reduced by a factor of at least 25. This is designed to settle particles
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greater than 50 pm. However, instances such as pump malfimction or tube blockage
may increase flow rate to the settlers that causes dkurbances in the system such that

the optimal spacing between particles can be achieved.

● A particle size of 550 ~m (to account for the statistical variations in the manufacture of
the knockout pot outlet screen) is used for all evaluations.

e Both the floor and two side concrete walls are assumed to be 61 cm (24 in.) thick. In

addition, a 61 cm (24-in.)- thick water reflector is assumed above the top of the

topmost settlers and along the ends of the pipes.

● Each settler tube is assumed to contain approximately 4,500 kg (9,920 lb) of uranium,
for a total of 45,000 kg (99,200 lb) of uranium in all 10 settler tubes. This is extremely
conservative. This mass is more than 5.5 times the design-basis sludge mass and almost

three times the safety-basis sludge mass.

6A2.3.2.2 Particulate Settler Models. Three basic MCNP models were used in the evaluation

of the particulate settlers. The first model portrayed the settler configuration under normal
conditions. The other two models were used to analyze the two abnormal condhions described in

section 6A2.3. 1.

Ten evenly spaced 50,8 cm-diameter pipes were represented in the first (normal) model
(cases c-n-la). All 10 tubes were completely filled with sludge at optimal geomet~ in the model.
For the assumed particle size of 550 vw the optimal packing fraction of 0.25 yields a center-to-

center spacing of 0.0704 cm (0.03 in.). All materials in this model are identical to those used in
the model of the knockout pot array.

The second model was constructed to assess the consequences of a postulated off-normal

event in which the structural material supporting and separating the 10 till tubes collapses
completely. The result is a closely packed array at the bottom of the pit. Because of the quantity
of structural material present in the weasel pit with the particulate settling tubes, a closely packed

array with no clearance between tubes could not form. Thus, six variants of the second model
were constructed to determine the relationship between tube spacing and the reactivity of the
array. All six model variations have five rows of two pipes, with the bottom row resting on the

concrete floor. In all cases, the two pipes in each row touch, while the minimum surface-to-
surface spacing of tubes between rows varies from zero to 6.9 cm. For each center-to-center
distance, the array is in the most compact arrangement of the 10 cylinders, which is the most
reactive configuration. Letting the cylinders fall into the weasel pit without restriction would

make a less compact, and therefore less reactive, arrangement. The results from these cases
(c-o-4a to c-o-4f and c-o-3b) are shown in Table 6A-2.
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Table 6A-2. Results of the Crhicalhy Analysis for Particulate Settlers.

Casename Modeldescription k~ +ad kem
c-n-1a Normalpositionwith tubcafull 0.9244*O.0014 0.935

(basecase)

c-n-1b Like c-n-la, exceptworst-msc radialdmcnsions and ticker steel 0.9237 + 0.0014 0.934
(0.23 h.)

I .—– —–, I I
c-o-2b one tube apillcd onto pit floor, oOrcrtubes full 0.9377 + 0.0014 0.948

c-o-4a lNoapacingbetwcenrows I 0.9903+0.0012 11.001*1

c-o-4b 10.9~sti~-@-ti- WmtigbeWmrows I 0.9822*0.0011 !O.993*1

c-o-4. 11.7crrr,surface-to-aurface spacingbetwcerrrows I 0.9768+0.0013 10.987*1

c-o-4d 13.5crn, aurface-to-aurfaceapacingbetwcerr rows I 0.9663+0.0012 I 0.977 I

c-o-4e 15.2cm, surface-to-surfacc apacingbetwcerr rows I 0.9566+0.0013 I 0.968 I
c.-o-4f 16,9crrr, surface-ro-surface spacixrgbetwcen rows I 0.9562+0.0013 I 0.967 I1 1

c-o-3b Irrtinitespacing betwecrr rows (two tubes at bottom) 0.9479 * 0.0013 0.959

The third model was constructed to evahtate a postulated off-normal event in which one full

tube in an upper row lost all its contents. The most reactive sludge configuration that could result
from this event would be a hemisphere on the weasel pit floor between the bottom rows of tubes,
In the case of the sludge spill, no mechanism keeps the sludge hr an optimally spaced condition.
Therefore, the sludge on the floor of the pit was modeled with a packing fraction of 0,52, which
results from modeling the particulate in a square lattice with minimum spacing. This is
conservative because a higher packing fraction would be expected in reality. A square lattice
would collapse into a close-packed triangular pitch lattice. The bottom row of the particulate
settlers was modeled as being 30.48 cm(12 in,) above the concrete floor.

A portion of the hemispherical pile of sludge is di8placed by the bottom two tubes, The
radius of the hemisphere that conserves the assumed uranium mass in one till tube (4500 kg

[9,920 lb]), has a packing fraction of 0,52, and accounts for the displacement by two tubes is
65.1 cm. This result can be found in Table 6A-2 (case c-o-2b).

6A2.3.2.3 Particulate Settler Results. The results of the MCNP 4A runs for the normal and
abnormal ca8es of the particulate settlers are showtr in Table 6A-2. For the normal condition,
even with the tubes fill (when the maximum estimated till volume is about one-half full) and the
contents optimally moderated (case c-n-la), the ~tivrdue is 0.935, well under the criticality limit

of 0.98. With the contents of one tube added to the MCNP model as a hemispherical mass on the
pit floor, ~ti increases to 0.948, but is still safely subcritical.

For the postulated case where the pipe support structures collapse and each pair of pipes is
in contact, computed km values are under the limit only if the effective minimum spacing between
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pipe rows is greater than 3.5 cm (I.4 in.). Whh all the structural steel present, the effective

spacing between tubes would never be that small, even if the support structure fails.

The present rows of tubes are spaced 15.2 cm (6 in.) apart vertically and a seismic analysis

shows that the support structure does not fail. The support structure is composed of a vertical
web along the tube centerline between the tubes, steel beams at right angles to the tube centerline,
and the equivalent of ‘tube sheets’ for the tubes. Therefore, a scenario that displaces or removes

enough seismically quahfied steel stmcture to allow the tubes to come within 3.5 cm (1.4 in.) of
each other is not considered credible. The spacing for at least four tubes in a parallel arrangement
must be reduced tlom 15.2 cm (6 in.) to Iess than 3.5 cm (1.4 in.) to exceed the maximum
allowabIe reactivity and to less than 1.27 cm (0.5 in.) to approach criticality.

The results of this spacing an~ysis show a structure requiring extreme deformation to
exceed safe criticality configuration with no projected accidents to impose forces that would
inflict such deformation,

The comparison between the original dimension base case (c-n- la) and the case with the
worst case dmensions (c-n-lb) show that the final design with the thicker steel is not statistically
different from a criticality standpoint and still meets the criticrdity safety limit.

6A2.3.2.4 Particulate Settler Design Features (Passive and Active) and Administratively
Controlled Limits and Requirements. The particulate settler tubes are critically safe with

sludge particIes up to 550 pm because of their dimensions and the spacing provided by the
support materials in the event of a collapse. This requires 500 ,um safety-class filter screens on
the outlet of all knockout pots to limit particles to this size. The wall thickness of the particulate

settlers are minimum dmensions, and the dkuneter and length are maximum dimensions.

6A2.4 K WEST INTEGRATED WATER TREATMENT SYSTEM
ANNULAR FILTER VESSEL AND ENCLOSURE

The sand and garnet filter vessels are surrounded with a rectangular shield enclosure. The

current shieldhg requirements for the vessels include various combinations of steel, lead, and
concrete. A top shield of 2.54 cm (1-in.) steel minimizes the release of upward radiation. The

dimensions of the filter vessels and enclosure, including the minimum fiker vessel wall thickness of
1.27 cm (O.5 in.), use conservative tolerances.

Sufficient internal volume is provided above the filter media for sludge to mix with water
during the backwash cycle. Thus, during backwash, the water flowing into the filter will suspend

the sludge particles from the bed, increasing the chance for the particles and water to establish an
optimum rendition for cnticalhy. Although sludge particles greater than 50 pm are not expected
in the filter vessels, for consistency, a particle size of550 ~m was used in the criticality analysis.

It is assumed that the sludge suspended during the backwash will yield the highest reactivity,

This is because, during this process, the particle spacing will be increased to such a distance that
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moderation should be adequate to increase the system’s reactivity.
backwash case will bound the conditions during normal operation.

The evaluation of this

6A2.4.1 Annular FMer Vessel Contingencies

The critically contingency scenarios identified for the filter vessels and enclosure are as

follows.

● The center void region of the inner tank is normally empty. A contingent condition is to
have water added to the inside of the tank.

● If particles larger than 550pm enter the filter vessel through a short circuit from other
feed streams (e.g., the Cold Vacuum Drying Facility) or a ruptured outlet screen in the

active knockout pot, reactivity would be higher than in a vessel with only smaller
particles. This is not considered a credible event because at least two systems (the
knockout pot outlet screen and the particulate settlers) would have to fail before the

event could occur, Critically specifications for the cold vacuum drying process will
ensure the double contingency against a backwash introducing particles larger than
550 pm into the tllter vessels. The filter vessels are analyzed with particles larger than
550 pm to ensure a margin of safety beyond that required fot the allowed particle size.

. The vessel was modeled as being tilled with sludge to different heights up to the
maximum possible. At the maximum possible height, the vessel would contain a large
fraction of the sludge expected from all the canisters. This is not considered credible

because differential pressure alarms and high-dose-rate alarms would both be activated

long before this could occur. This analysis shows that even filled with sludge, the

criticality limits are met.

6A2.4.2 Annular Falter Vessel Evaluation and Results

6A2.4.2.1 Annular Fflter Vessel Assumptions, The assumptions for the evaluation of the filter

vessels include the following,

● All calculations assume that the fissionable material is urrirradiated 1.25 wt% “U

enriched uranium fiel. This is conservative because the reactivity of the firel is reduced
as exposure is increased and all tirel is exposed.

o All calculations assume that the fissionable material is uranium metal with a density of
19.05 g/cm3. This is conservative because much of the fiel is oxid~ed, especially the

small particulate. These small particulate likely will be oxides or will oxidize quickly
once formed.
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. For all calculations, the particles in the vessels are assumed to all be of maximum size
and optimally moderated. This is very conservative for the following reasons,

— All particulate are ufllkely to be of the maximum size

Small particles are less reactive than large particles

— No mechanism has been identified to support the optimum lattice spacing.

● All tiel fission products and fiel cladding are ignored.

● The neutron-absorbing effects of internal or external structures, other than the specific

verified vessel materials, are ignored,

● All materials are evaluated at a temperature of 300 K,

● Optimally spaced uranium particles are assumed based on the most reactive packing
fraction, 0.25 (Erickson 1997). This assumption is conservative because the likelihood

of all the particles being suspended in water above the bed at an optimal condition is
remote, even during the backwash cycle.

● A right cylindrical geometV was used to model the filter vessel. The actual elliptical
shape of the filter vessel will yield a lower reactivity.

● A particle size of 550 pm is used for all evaluations.

. It is also assumed that approximately 6450 kg (14,220 lb) of uranium will be in each

annular filter vessel, for a total of 19,350 kg (42,660 lb) of uranium in all three vessels.
This is extremely conservative. This mass is more than twice the design-basis sludge
mass and more than the safety-basis sludge mass. This is after the knockout pots and
settler tubes presumably have removed all the large particulate.

6A2.4.2.2 Annular Filter Vessel MCNP Models. MCNP, the Monte Carlo computer code for
neutron photon transport (Breismeister 1993) was used to model the filter vessel and enclosure,

including all three filter vessels. The sludge, structural steel, and concrete were modeled using the
materials documented in Appendix A of HNF-SD-SNF-CSER-O 11, Criticality S’aJetyEvaluation
Report for the K West Basin Integrated Water Treatment System (Erickson 1998). The filter
medium was modeled as a homogeneous mixture of61. 3 VOlo/Osand and garnet and 38.7 VOlO/O

water. In the models of normal conditions, the inner tank was dry.

Two models were used in the critically analysis of the filter vessels under normal
condhions. Both models are extremely conservative. In the first model (a-n-1a), all the uranium
(6,450 kg per vessel) was suspended in a 76,8 cm-thick water layer above the sand and garnet

filter material. In the second model (a-n-2 series of cases), 2560 kg of the 6450 kg uranium was
embedded in the filter material. Embedding the 2560 kg of uranium in the filter material reduced
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the height of the uranium-water layer to 46.4 cm. Several variations of the second model were
analyzed. These variations differed in the concentration and depth of the layer containing uranium
in the tilter. The concentration and depth were changed consistently in each variation to conserve

the uranium mass (2560 kg) in the layer.

Of the abnormal conditions postulated, only the one where water flooded the inner vessel
required computer modeling for assessment. The analysis (case a-o-1 a) shows that, because of its
isolating effects, adding water to the inner vessel reduces reactivity.

Several cases with more credible quantities of particulate also were run for comparison.
Case a-n-1 d used 28 kg of sludge in a laye~ case a-n- lb used 500 kg of sludge in a layer. Both
results show how conservative the normal analysis is. The 500 kg case bounds the 205 kg

quantity of particulate (adjusted for oxidwed fiel) used in the unmitigated bounding accident

analysis shown in Chapter 3.

The two cases (a-n-lg and a-n-lb) using the final worst case dimensions for wall thickness

and inner vessel offset also were analyzed.

6A2.4.2.3 Annular FMer Vessel Results. The results of all calculations are shown in
Table 6A-3. As expected, the most reactive corrtlguration is the one with all the uranium

dispersed optimally in water above the filter material. The value of ~ for this case is 0.976,
which is below the ~ value of 0.98. When 2560 kg of the 6450 kg uranium inventory used in
all cases was relocated to the top portion of the filter medi~ ~fi was lower by at least 2 percent.
The thickness of the uranium layer in the filter media was eztended to identi~ any maximum in

the reactivity caused by the change in the uranium concentration,

6A2.4.2.4 Filter Vessel Design Features (Passive and Active) and Administratively
Controlled Limits and Requirements. For the filter vessel geometry established in this

evrduatio~ the size of sludge particles entering the filter vessel should be limited to 55o ~m or
less. This requires all inlet streams to be positively controlled, such as with safety-class filter

screens, to limit particles to this size. Critical dmensions include a minimum outside diameter of
the inner tanlq a maximum inside diameter of the outer t+ minimum filter vessel wall
thicknesses, and a maximum inner vessel offset. The vessel spacing dimensions shown in
Figure 2-7 are the minimum allowable without firther analysis. The dimensions of the vessel
enclosure walls shown in Figure 2-7 are maximum dimensions. Because of the large filter vessel
enclosure vent openings and the steel cover, water flooding was not considered to be credible and
was not analyzed. However, the vent openings must be inspected before first use to ensure that

the openings will not obstruct water flow from the enclosure.

6A2.5 ION EXCHANGE MODULES

Erickson (1994) investigated the potential for an unsafe accumulation of plutonium in the

K Basin ion exchange modules @M). They found that for an assumed average inlet

concentration of 1.5 x 10+ @I_.plutonium and an incredible constant 95 percent holdup efficiency
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over the life of the IX.M, it would take about 42 years to accumulate enough plutonium to reach a
calculated ~ of 0.95. The analysis ignored the neutron-absorbing effects of the other materials
that would be mixed whh the plutonium in the IXMs, which would be substantial. The flow rate
through the IWTS IXMs will be similar to that through the IXMS analyzed in Erickson (1994).

Table 6A-3, Results of Crhicalhy Analysis for the Annular Filter Vessel,

Case name Medel description kcatc* 0~. ,flk

a-n-1a 6450kguraniumin76.8cm-deepsludge-waterlayer’ 0.9615* 0.0012 0.972
(@seCSse)

a-n-1g Likea-n-1a,butworst-caseradialdmensionsandthickersteel 0.9649+ 0.0013 0.976

a-n- lh Lke a-n-1g, except vessels offset 1,1113 cm 0.9639 + 0.0012 0.975

a-n-1d 28k8uraniumin0.334cm-deep slud8e-water layer O.1198 + 0.0006 0.131

a-n- lb 500 k8 uranium in 5.96 cm-deep sludge-water layer 05441 * 0.0017 0.555

I a-n-2c I Uranium in 21,8 cm layer of filter medkib I 0.9314* 0.0014 I 0.942 I

a-n-2b Uranium in 30.5 cm layer of filter media’ 0.9378 * 0.0015 0.948

a-n-2e Uranium in 50.8 cm layer of filter mediab 0.9417 * 0.0013 0.952

a-n-2f Uranium in 76.2 cm layer of filter medab 0.9416 + 0,0013 0.952

a-n-2g Uranium in 127.0 cm layer of filter media’ 0.9389 * 0.0012 0.949

a-0- Ia Sane as case a-n-la, but with water filling the center annulus 0.9572 + 0.0012 0.968

‘ a-n-1a series of cases had no uranium in the filter mdla,
bCases with uranium in the filter media had 2560 kg uranium in a layer at tie top of tie filter material and

3890 kg uranium in a 46.4 cm-deep sludge-water layer above the filter material. Total uranium mass in tiese cases
was 6450 kg, the ssrne as in case a-n-1a.

An IV/TX IXM is expected to operate for only about 1 month because of the expected

transuranic concentration and the corresponding operating limits. Even if the average iniet
plutonium concentration increased by two orders of magnitude, the IWTS IXMS would not be on
line long enough to pose a criticality hazard.
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6A3.O INTEGRATED WATER TREATMENT SYSTEM CRITICALITY
DESIGN FEATURES AND ADMINISTRATIVELY CONTROLLED

LIMITS AND REQUIREMENTS

6A3.1 PIPING

For a 1.25-percent enrichment of uranium metal pieces in water, the maximum diameter of

an irrfmitely long, critically safe cylinder is about 42 cm (16.5 in.). The IWTS piping is critically
safe because its maximum dimension is 10.2 cm (4 in,), No additional requirements are placed on
piping for criticality safety.

6A3.2 KNOCKOUT POT ARRAY

The knockout pots must be spaced at least 2.54 cm (1.0 in.), sutiace-to-surface, tlom each

other and must be arranged in a square lattice. These requirements may be met with any

combination of spacing bands, locator racks, or other methods. The wall thickness of the
knockout pots are minimum dimensions, and the diameter and height are maximum dimensions as

described in Chapter 4.

Fuel canisters or other containers containing fissionable material shall not be moved over the

knockout pot array pending tinther analysis of fiel spilled tlom canisters into the array. This shall
be controlled via administrative prohibitions and mechanical stops to prevent canister movement
over the knockout pots.

6A3.3 PARTICULATE SETTLERS

The particulate settler tubes are critically safe for sludge particles up to 550 ~m because of

the dimensions of the tubes and the spacing provided by the support materials in the event of a

collapse. Safety-class filter screens are required on the outlet of all knockout pots to limit

particles to this size. The wall thickness of the particulate settlers as described in Chapter 4 are
minimum dmensiony The dimeter and length are maximum dimensions.

6A3.4 ANNULAR FILTER VESSELS

For the tiker vessel geometry established in this evrduation, the size of sludge particles

entering the filter vessel is limited to 500 pm or less. The dimensions described in Chapter 4 are
the minimum dimensions for the inner tank diameter and filter vessel wall thicknesses and the

maximum dimensions for the outer tank diameter and inner vessel offset. The vessel spacing

dimensions are the minimum allowable without tlnther analysis. The dimensions of the vessel
enclosure shown in F@re 2-7 are maximum dimensions.
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6A3.5 ION EXCHANGE MODULES

The IWTS IXMs have been shown to be critically safe even if the inlet plutonium
mncentration is increased by two orders of magnitude over that discussed in Erickson (1994)
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7.0 RADIATION PROTECTION

As part of the design package, Chem Nuclear reviewed the adequacy of the integrated water
treatment system (IWTS) design features used to protect personnel from radiological exposure

and documented this in the as low as reasonably achievable (ALARA) section of the design report
(Bergsman 1997). The evaluation considered exposure to workers from operation and
maintenance activities associated with the IWTS equipment. Based on the results of the estimated
exposures, the design was evahrated to see whether design or operating improvements could be
made that would reduce worker dose.

The design features that minimize worker dose were identified as the following:

●

✎

●

●

✎

●

The minimum water cover maintained over most of the IWTS equipment and foel-
handling activities

Shielding provided for the piping, booster pump, and filter vessels based on cesium

content

Remote-handling devices for operator use in the basin

The positive exhaust path for gases

The design requirements that minimize dose during maintenance of IWTS equipment,
such as use of quick disconnects and design features that facilitate decontamination

efforts.

The administrative control features that minimize dose include rotation of in-basin

workers and application of standard ALARA principles to minimize time in the basin,
movement to low-dose areas when work tasks permit, and an approach to maintenance

that minimizes repair of low-cost replaceable components,

The evahration concludes that the IWTS equipment does not contribute significantly to the
overall dose rate profile for the basin and that the IWTS design with the recommended

administrative controls will provide individual dose uptakes for the IWTS operations that are as
low as reasonably achievable, Inclusion of the IWTS subproject will not require changes in

Chapter 7 of the K Basins safety analysis report (DESH 1998).
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8.0 HAZARDOUS MATERL4LPROTECTION

The existing Hazardous Material Protection Program is described in Chapter 8 of the
K Basin safety analysis report (DESH 1998) and will be applied to the integrated water treatment

system (IWTS) installation and installation testing. Potential changes to the Hazardous Material
Protection Program will be addressed in the upgraded K Basin safety analysis report activities to

be performed at a later date. No potential changes have been identified as part of the ongoing
IWTS activities.

REFERENCE

DES~ 1998, KBasins Safey Arra@ris Report, WHC-SD-WM-SAR-062, Rev, 3C, DE&S
Hanford, Inc., for Fluor Daniel Hanford, Inc., Richkmd, Washington.
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9.0 RADIOACTIVE AND HAZARDOUS WASTE MANAGEMENT

The integrated water treatment system (NTS) subproject will increase the number of ion
exchange modules used in the K Basin. Although this is not a new waste stream, it will increase
the number of spent ion exchange modules that are handled. The radioactive waste in the form of
sludge from the basin will be handled by the sludge removal subproject.

IWTS installation and installation testing will adhere to the requirements of the K Basins
Radioactive and Hazardous Waste Management Plan as described in Chapter 9 of the K Basins

safety analysis report @ESH 1998). Potential changes to the program required for IWTS
operation will be addressed in the upgraded K Basins safety analysis report. No changes have
been identified to date.

REFERENCE

DES~ 1998, KBasins Safety Ana.$sis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S
Hanford, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.
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10.0 INJTIAL TESTING, IN-SERVICE SURVEILLANCE,
AND MAINTENANCE

The initial testing, in-service surveillance, and maintenance program provisions will be

applied, as appropriate, to the integrated water treatment system (IWTS) equipment. Three types
of testing will be done before startup of the IWTS. They are factory acceptance testing,
construction acceptance testing, and preoperational acceptance testing. The factory acceptance
test shall demonstrate to the satisfaction of the project design authority that the designed
equipment can perform its intended tirnction during all expected operating modes. The major
pieces of designed equipment include the knockout pots, settler tanks, and annular filters. The

construction acceptance test shall demonstrate that the installation matches the design and that all

equipment is fiurctional. The preoperational acceptance test shall demonstrate that the design and
installation are operable and can perform their intended functions. Initial system testing, in-

service surveillance, and maintenance will be described in the upgraded K Basins safety analysis
report (DESH 1998),

REFERENCE

DES~ 1998, KBasins Safety Analysis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S

Hanford, Inc., for Fluor Daniel Hanford, Inc., Richkirrd, Washington.
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11.0 OPERATIONAL SAFETY

The operational safety program provisions will be applied to the integrated water treatment
system (IWTS) equipment. Fke hazards to the worker are being addressed in a revision of the
tire hazards anrdysis @) (DESH 1998a). A list of IWTS combustibles consisting mostly of

wire insulation and other incidental materials was provided to the cognizant engineer for
incorporation into the next revision of the FHA. The IWTS will not affect the conclusions of the

draf? FHA. Changes to the progwrr required for IWTS operation will be addressed in the

upgraded K Bwins safety analysis report (DESH 1998). No changes have been identified to date.

REFERENCES

DES~ 1998% Fire Hazards dna~sisfor the K Basins Facilities at 100 K Area,
HNF-SD-SNF-FHA-001, Rev. 1, Draft, DE&S Hanford, Inc., for Fluor Daniel

Hanford, Inc., Richkurd, Washington.

DESH, 1998b, KBasirrs Safety Analysis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S

Hanford, Inc., for Fluor Daniel Hanford, Inc., Richlsnd, Washington.
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12.0 PROCEDURES AND TILMIWNG

All integrated water treatment system (IWTS) installation and installation testing activities
will be performed in accordance with written procedures. Procedures will be developed and
maintained in accordance with the program described in the K Basins safety analysis report
(DESH 1998). Personnel performing IWTS installation and installation testing will be trained and

qualified for the tasks they are performing. Revisions to the procedure and training program
necessary to support operation of the IWTS will be described in the upgraded K Basins safety

analysis report.

REFERENCE

DESH, 1998, KBasins Safety Analysis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S
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13.0 HUMAN FACTOHS

No human factors apply to the integrated water treatment system (IWTS) safety-class

structures, systems, and components because all IWTS safety-class structures, systems, and
components are passive devices. However, human factors were considered in the design of IWTS
equipment to ensure that human-machine interfaces do not pose operational or ergonomic
problems. Potential changes will be addressed in the upgraded K Basins safety analysis report.
No changes have been identified to date.

REFERENCE

DESK 1998, KBasins Safety Analysis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S
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14.0 QUALITY ASSURANCE

Integrated water treatment system (IWTS) installation and installation testing will be

performed in compliance with the existing K Basin Qurdity Assurance Program. Changes to the
program required for IWTS operation will be addressed in the upgraded K Basins safety analysis
report (DESH 1998), No changes have been identified to date.

REFERENCE

DESK 1998, KBasins Safety Analysis Report, WHC-SD-WM-SAR-062, Rev, 3C, DE&S
Hanford, Inc., for Fhror Daniel Hanford, Inc., Richland, Washington,
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15.0 EMERGENCY PREPAREDNESS PROGRAM

The existing K Basin emergency preparedness program will be applied during installation
and installation testing of the integrated water treatment system (IWTS). Changes to the program
required by IWTS operation will be addressed in the upgraded K Basin safety analysis report

(DESH 1998). No changes have been identified to date.

REFERENCE

DES~ 1998, KBasins Safety Analysis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S

Hanford, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.
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16.0 PROVISIONS FOR DECONTAMINATION
AND DECOMMISSIONING

The design of the integrated water treatment system (IWTS) equipment considered the

decontamination and decommissioning of the equipment. The items considered in the IWTS
equipment design included provisions for access to accumulated sludge in the knockout pots and
particulate settlers for foture sludge removal. Other provisions include access for cleaning
process piping, waterproof equipment, lack of crevices, ledges, and protrusions in welded
structures, Iiilng lugs on all assemblies, and adequate clearance for transfer of equipment. The
decontamination and decommissioning considerations for purchased equipment were incorporated
into the procurement specifications.

Chapter 16 of the K Basins safety analysis report (DESH 1998) will be upgraded as
required. No changes have been identified to date.

REFERENCE

DES~ 1998, KBasirrs Safety Analysis Report, WHC-SD-WM-SAR-062, Rev. 3C, DE&S
Hanford, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.
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17.0 MANAGEMENT, ORGANIZATION, AND
INSTITUTIONAL SAFETY PROVISIONS

Integrated waste treatment system (IWTS) installation and installation acceptance testing
will be performed under the management, organization, and institutional safety provisions
described in the existing K Basins safety analysis report (DESH 1998). Changes to the program
required for IWTS operation will be addressed in the updated and upgraded K Basins safety

analysis report. No changes to accommodate IWTS have been identified to date.

REFERENCE

DESH, 1998, KBasirrs Safety Analysis Report, WHC-SD-WM-SAR-062, Rev, 3C, DE&S
Hanford, Inc., for Fluor Daniel Hanford, Inc., Richland, Washington.
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A’ITACHMENT

ACCEPTANCE OF THE SAFETY ANALYSIS DOCUMENTS FOR THE FUEL
RETRIEVAL SYSTEM, HNF-2032, REV. O,AND K-WEST INTEGRATED WATER

TREATMENT SYSTEM, HNF-SD-SNF-SAD-002, REV.2
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98-SFD-169

Department of Energy

Richland Operations Office
P.O. Box 550

Richland, Washington 99352

Mr. R. D. Hanson, Acting President

Fluor Daniel Hanford, Inc.

Richland, Washington 99352
. .

Dear Mr. Hanson .0

CONTRACT NO. DE-AC06-96RL13200 - ACCEPTANCE OF THE SAFETY ANALYSIS
DOCUMENTS (SADS) FOR THE FUEL RETRIEVAL SYSTEM (FRS), HNF-2032,
REVISION (REV.) O, AND K-WEST INTEGRATED WATER TREATMENT SYSTEM
(KW-IWTS), HNF-SD-SNF-SAD-O02, REV.2

References: (1)

(2)

FDH letter to E. D. Sellers, RL, from N. H. Wdliarns, “Fuel Retrieval System
Safety Analysis Document: (FDH-9854896), dated June 11, 1998.

FDH letter to E. D. Sellers, RL, from N. H. Williams, “Integrated Water
Treatment Safety System Safety Analysis Document;” (FDH-9855063), dated
June 11, 1998.

This letter provides conditional approval of the FRS and IWTS safety basis documentation
transmitted to the U.S. Department of Energy (DOE), Richhurd Operations Office @L) in
References (1) and (2). The RL evaluation of these documents is contained in Enclosure 1,
“Safety Evaluation Report (SER) for the SNF Fuel Retrieval Sub Project Safety Analysis Report,
HNF-2032 Rev. O, and K-West Basin Integrated Water Treatment System Subproject Safety
Assessment Document, HNF-SD-SNF-SAD-O02.” The SER states that the SADS and the SER
comprise an acceptable safety basis for construction and pre-operational testing of the FRS and
KW-IWTS systems subject to the conditions of approval are stipulated in Enclosure 1.

Design and safety assumptions contained in the SADS are expected to be controlled as stipulated
in paragraph 4.f.(8). (c). 3, Attactient 1, to DOE Order 5480.23, Nuclear Safety Analysis
Reports. Design changes must be screened against the SADS and this SER for their impact on
the safe~ basis, and no design changes that would invalidate an assumption, analysis,
commitment, or a conclusion in the safety basis shall be made without approval by RL.
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98-SFD-169

In preparation of the SER, RL assessed reviewer comments and contractor responses. A

summary of the identified issues is provided in Enclosure 1. Major issues requiring management

attention are identified below

● The Hazard and Accident Analysis Out-of-Date – The hazard and accident analysis presented
do not accurately represent the current hazard baselines – The hazards identification and
analysis presented in the FRS and IWTS SADS summarized the results of the HAZOP/other
analysis conducted during preliminary haiards assessments. These hazards analyses do not

+ reflect the results of system design changes as the design evolved. Additionally, the hazards
analysis contains controls, design features, and commitments to emergency response actions
which are generic and cannot be understood and in some case are obsolete.

● Hazard and Accident Analysis Omissions ~~o IWTS drop analysis or seismic analysis for
safety class systems, components, or structures (SSC) were provided or referenced in the
SAD as required by DOE Orders 5480.23 and 6430.lA. Additionally, the radiation.hbd
imposed by the proximity of the settlers to the pool surface under fuel basin water loss
accident scenarios was not identified or assessed in the SAD. Safety analysis contained in
the current K Basin Authorization Basis could potentially be invalidated relative to radiation
exposure, basin manning, and emergency recovery actions.

● Adequacy of Base Information – There was a lack of, or omission of, base information in the

areas required to be addressed by DOE Order 5480.23. These areas included: 1) human
factors; 2) initial testing, in-service surveillance, and maintenance; and, 3) identification of
what specific requirements from S/RID, which were applied, what specific
DOE Order 6430. 1A design requirements were applied, and identification and qualification
of safety margins in accident analysis to account for uncertainties as required by DOE Order
5480.23, Item (4), d. (l). In general complaince to applicable codes, standards, and
requirements was not adequately described in the SAD nor was it able to be confirmed by
FDH.

The RI, observations listed above require management attention to strengthen the process for
preparing nuclear safety basis documentation. RL requests continued dkJog on these
observations such that any identified management actions necessary can be implemented prior to
submittal of Final Safety Analysis Reports (FSARS) for the Spent Nuclear Fuels (SNF) Project.

Any commitments contained in the contractor responses to RL review comments on the SADS
(Appendix Cto the SER) are expected to be tracked to closure. Some comments are noted to
remain open until closed in the FSAR. RL requested and received excellent contractor support
on the review activities in order to meet the document approval dates in the RL review plan.

RL appreciates the teamwork and professionalism of the contractor in their support of the RL
review team.

If any direction is provided by a Contracting Officer’s Representative (COR) which your
company believes exceeds the COR’S authority, you are to immediately notify the Contracting
Officer and request clarification prior to complying with the direction.
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Mr. R. D. Hanson -3-
98-SFD-169

AUG:l 19%

If you have any questions regarding this matter, please call me or Robert M. Hiegel, RL Spent
Nuclear Ftseis Project Division, on (509) 376-1062.

&

SFD:RMH

Enclosure (as stated)

Cc: C. B. Aycock, DESH
R. G. Morgan, DESH
R. W. Rasmussen, DESH
A. W. Segest, DESH,
T. J. Hull, EH734, HQ
J. D. Thomspson, FDH
N. H. WNiams, FDH

C. A. Hansen, Assistant Manager
for Waste Management

..
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Department of Energy

Richland Operations Office

4

Safety Evaluation
..

For the

....

“SNF Fuel Retrieval System
Safety Analysis Document,” HNF-2032 Rev. O ~~

And

“K West Basin Integrated Water Treatment System
Safety Analysis Document,” HNF-SD-SNF-SAD-O02,
Rev. 2

.AppiovedbyQ&.l&f
Charles A. Hansen

Assistant Manager for Waste Management

Richland Operations Office
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FRSAWTS Safety Analysis Document Safety Evaluation Report

FRNIWTS Safety Analysis Document @evie

Sidney J. Altschuler
&jj?$$ZZfl

A
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OE-RJJflPD DOY -RL/SFD

&&-lLJ
Rich . Denise D$nnis C. Humphreys

%%&@L#~
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..
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DOE-RL/Nuclear Safety DOE-RLJSFD
Advisor
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F. M. Roddy Dale H. Splett
DOE-RLiRadiation Control DOE-RL/SFD
Advisor
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Robert M. Hiegel

Review Team Leader
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FRS and IWTS Safety Analysis Docmnenta Safety Evaluation Report
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FRS and IWTS Safe~ Analysis Documents Safety Evaluation Rsport

EXECUTIVE SUMMARY

The Safety Analysis Documents (SADS) are new documents prepsred to establish the safety

basis for a decision to allow procurement, fabrication, installation, and pre-operational testing of

‘tiese two new systems. As such, the SADS should provide the same information as expected in a

preliminary safety analysis report (PSAR). The DOE review process for these SADS was in

accordance with an approved Safety Analysis Review Plan and included an acceptability review,

followed by a detailed technical review against-the standards of DOE Order 5480.23.

The Review Team found that the SADS for both the FRS and IWTS are condhionally acc@abIe.

It is evident that a significant effort was made to deliver a quality product. Nonetheless, the

Review Team could not arrive at the same conclusions as presented in the documents in some

cases. As a result, the Review Team concluded that the hazard and accident analysis did not

provide sufficient documentation and basis to conclude the review acceptance criteria’ had been

folly met. This conclusion indicates that there is some risk to the project in proceeding. This is

primarily due to a lack of base information either referenced or provided by the SADS.
.. . .

The hazard and accident analysis is firndarnental to establishing a sound safety basis. The hazard

analysis provided in the SADS for both the FRS and IWTS was not maintained .crrrrent with the

design as the design evolved. The significance of this issue cannot be overstated, as the hazard

analysis is used to pinpoint weaknesses in the design or operation of a facility that could lead to

accidents.z Failure to assure an iterative safety analysis/design process can allow new hazards or

design weaknesses to be introduced, via design changes, which are not adequately assessed.

Conclusions reached by safety analysis may not be valid if the hazards analysis does not reflect

the actual design.

Other significant issues identified during the review are summarized below and are discussed in
more detail in the Review Results section of this report.

● Evidence was not provided to demonstrate that applicable requirements of HNF-SD-RD-001

(S/RID) have been systematically identified and applied to the FRS and IWTS designs.
● General Design Criteria specified by DOE Order 6430.lA, which apply to safety class

components (including applicable codes and standards) were not identified, nor was evidence

provided that they had been filly applied to the FRS or IWTS designs.

● The margins existing between design requirements and safety baais lirr@s were not

* DOE-STD-I 104-96,paragraph2.2

2 DOE-STD-3009-94,page xvi.

Page1
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FRS and IWTS Safety Analysis Documents Safety Evaluation Report

.

.

&

.

.

●

consistently documented as required by DOE Order 5480.23, item (4)d(l).

Drop analysis and seismic analysis results were not provided in the IWTS SAD, nor were

applicable references provided.
A critical evaluation of the proposed design, operation, and test program to assess

conformance with safety design objectives and verify projections of residual risks should be

provided.

The manipulator support structure tethers should be classified as safety class or show that

drop consequences are acceptable, or request a deviation horn DOE Order 6430.lA. .

Design and analysis of the knockout pot screen design must either (1) demonstrate that

failure of the safety function is incredible or is bounded by the criticality analysis, or (2)

provide safety-class monitoring of the safety fiction. .9

New hazards resulting from the settler height should be addressed, including reviewing and

revising, aa necessary, the current TSR restrictions on Basin unmanning. -

As written, the SADS do not filly meet DOE Order 5480.23 based on the preparation and review

standards. However, given the conditions of approval specified herein, the SADS for the FRS

and IWTS provide a suitable safety basis for a progr~atic decision to authorize assembly,

installation, and testing of the FRS and IWTS. It must be emphasized that this does not replace”’

the USQ screening/ evaluation process that still must be completed prior to performing any of

these activities at the K Basins.

3 DOE-STD-3009-94AND DOE-STD-11O4-96

Page 2
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FRS and IWTS Safety Analysis Documents Safety Evaluation Report

MISSION

The K Basins were constructed in the 1950s, and are beyond their design life. They store about

2100 metric tona of spent nuclear fuel, approximately 400 yards horn the Columbia River. The

$urrent K Basin mission is to provide continued safe storage of the fuel currently located in the

KE and KW Basins, to clean and repackage the fiel in new storage containers (multi-canister
overpack), and to load the repackaged fuel in a shipping cask for transport to the cold vacuum

drying facility, where the water will be removed prior to shipment to the new interim dry storage

facility in the 200 Area (Canister Storage Building). The mission includes subsequent removal

of sludge and contaminated water. This mission is expected to require approximately 10 years to

accomplish, with completion of K Basin activities by the year 2008. After that time, the bssins

will be transferred to a decommissioning and decontamination status.

The Fuel Retrieval System (FRS) and the Integrated Water Treatment System (IWTS) are major
modification to the K Basins, and are necessary to support the mission of the Spent Nuclear

Fuel Project (SNFP).

. ..

Page3
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FRS and lWTS Safety Analysis Documents Safety Evaluation Report

REVIEW SCOPE AND METHODOLOGY

Review Scope
4

It is important to note that this SEll does not modi~ the currently approved authorization basis

for K Basin operations. The FRS and IWTS represent major modifications to the K Baains., The

Safety Analysis Documents urrder review were.$herefore prepared to serve the szrne function sz a

PSAR, i.e. to provide the safety baais for the decision to authorize construction and pre-

operational testing of these systems, not to authorize operation of these systems. The existing

authorization basis for K Basin will be modified, by incorporating the FRS and IWTS S~

information, prior to operation of these systems. The USQ Process is the mechanism relied upon

to assure construction and pre-operational testing activities in the basins will be conducted within

the existing K Basin authorization basis.

The FRS and IWTS SADS describe the activities necessary to remove the fiel from canisters in

K West Basin, clean and sort the fuel, and place the fuel and scrap into Multi-Canister Overpack

(MCO) baskets. This includes the system needed to maintain water clarity and low dose rates
from the water. These SADs.do not address K Basin modifications required for placing the

MCO baskets into the MCO for transfer from the Basins. This will be addressed in the SAD for

the Cask Loadout System.

Review Plan

The review was conducted in accordance with a review plan as required by RLP 5480.23. The

17L review plarr implemented RLP 5480.23, following the guidance of DOE Standard 1104-96,

“Review and Approval of Nonreactor Nuclear Facility Safety Analysis Reports”.

Team Composition

A RL SAR Review Team was formed. Members of the Review Team were selected based on

their technical qualifications, experience, and familiarity with the subject matter. The team was

comprised of personnel from the RL Spent Nuclear Fuels Project Division (SFD), both the

technical integration and support team and the operations team, as well as support from the

General Support Services Contractor (GSSC), criticality analysis support, hoisting and rigging,

and two senior technical advisors. Appendix A contains concise individual Curriculum Vitae

describing the technical and professional credentials of each member of the team.

Page 4
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FRS and IWTS Safety Analysis Documents Safety Evaluation Report

Reviews Conducted

ATier Ireviewwas conducted bythecontiactor for both FRSad IWTS. Following completion

Of that review and submittal of the documents to RL, an acceptance review was conducted by

RL, inaccordsnce withthe Review Plsn. ‘fhepurpos eoftheacceptanc ereviewwasto

determine 1) that all pertinent matters in the technical review criteria had been addressed

sufficiently tojusti@ the"expenditire ofresowces onatectical review, ad2)tiat tie “

contractor Tier 1 review was satisfactorily completed, e.g. management review and approval, and

closure of RCRcomments had beenperforrned satisfactorily. Theconchrsion of the acceptance

review wMthattiese criteria had been met, mdtiedetailed Tier 2tectical review was .>

initiated.

RLP5480.23 doesnot require aTier3 technical review. However, the Independent Review

Panel (IRT) conducted a Tier 3 review on the FRS SAD, and submitted comments for

disposition. ~eNconsists oftieepersons ofoutstmd~g credentials mdrepresents

extensive experience kthenuclem bdus~fiom both aDOEmd~C per~ective. The IRP

did not request review of the IWTS SAD, id therefore no Tier 3 review was conducted for the

IWTS SAD.

Application of Graded Approach

A graded approach was applied in evaluating acceptance of these documents. The graded

approach for document acceptance focused on the following considerations: 1) major safe~
issues relative the IWTS and FRS must have been considered and adequately addressed; 2) the

fact that most of the systems, components, and structures, (SSC) have already been procured and

fabricated, such that the a significant part of the programmatic risk has already occurred and 3)

the overall need to preclude unnecessary delays which could adversely impact the major SNF -

Project objective to expeditiously remove the SNF and sludge horn the K Basins. The

acceptance of the documents”baaed on the graded approach should not be construed as meaning

the documents filly meet expected and necessary safety basis information. In fact, under normal

circumstances, the documents would have required modifications prior to acceptance. Under the

graded approach used by the Review Team, approval is based upon management acceptance of

the conditions of approval and the increased project risk.

Review Comments and Closure

The RI, SAD Review Team members identified 366 co~ents, which were consolidated and

Psge 5
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screened for safety significance. A significant effort was made by the Review Team to reduce

redundant comments and provide only relevant comments. Editorial comments were deleted and

only provided informally to FDH for consideration, with no response required. After screening,

a total of 141 Review Team comments were transmitted to FDH for resolution. Resolutions to

● the Review Team comments were proposed by FDH personnel and transmitted to RL. The
comment resolutions did not close all of the identified issues. Open comments will be tracked to

closure. The completed RCRS are included as Appendix C to this report.

Comments received ffom the IR_Pon the FRS SAD were transmitted separately to FDH for

disposition. The completed RCRS and IRP comments with contractor responses are included as

Appendm C to this report. Edhonal comments identified during the review are not included in

Append~ C.

Page 6
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REVIEW RESULTS

Althou~ the IWTS and FRS SADS provide a reasonable description and safety analysis for these

proposed K Basin modifications, there was a lack of necessary base information in some areas.

Whese omissions prevented the Review Team from being able to conclude that the described

safety basis was fully adequate to support a programmatic decision for authorization of

construction and pre-operational testing for the FRS and IWTS.

...
The Review Team found the information provided in the SADS for the FRS and IWTS does not

fully meet the approval baais contained in DOE-STD-1 104-96, Review and Approval of

Nonreactor Nuclear Facility Safety Analysis Reports. There are five areas that a SAR refiew

and approval should focus on according to DOE-STD- 1104-96. These are:

● Base Information;

“ Hazard and accident identification;

● Safety structures, systems, and components (SSCS);

● Derivation of technical safety requirements (TSRS); and

“ Progmrmnatic control

The safety baais for a decision to authorize construction and pre-operational testing focus

primarily on the first three of these five areas.

Common Results and Conclusions

Base Information

The Review Team could not conclusively determine that the FRS and IWTS were designed to be

built, operated, and shut down in accordance with applicable codes, standards, and requirements

specified by the K Basin S/RIDs b~ed on the information provided or referenced in the IWTS

and FRS SADS. This was”prirnarily due to a lack of base information, which is expected to be

provided in accordance with DOE Orders and Standards for the preparation and review of safety

analysis docurqents. For example, evidence was not readily available that a systematic review

had been conducted to identifi and document the applicable DOE codes, standards, and

requirements that should be applied to the FRS and IWTS. DOE-STD-3009-94 clearly indicates

in the content goidance that chapter sections should list the codes, standards, regulations and

DOE Orders, which are required for establishing the safety basis. According to DOE-STD-3009-

94, the intent of this is to provide only the requirements that are specific for each chapter and
pertinent to the safe~ analysis and not a comprehensive listing of all industri@ standards, or

Page 7
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codes or criteria. This information was not provided as intended by the standard as the SADS

only referenced S/RIDs and the design specification. These references did not specifically

identi~ the pertinent codes, standards, regulations and DOE Orders, which are required for

establishing the safety basis as intended by DOE-STD-3009-94. This type of information must

~be included in order to provide a safety basis which is fully adequate to support a decision by

DOE to authorize procurement, construction or installation of SSCS.

Hazards and Accident Analvsis ..

The Hazards Analysis does not fully reflect actual final design, and the SAD does not clearly bin

hazards to ensure that all the hazards are correctly evaluated and analyzed in the accident ‘“

analysis. Although the actual risk is unknown, it is judged to be relatively low and major

modifications to the FRS and IWTS are not anticipated. Completion of an update to the hazards

evaluation and analysis should be accomplished expeditiously to minimize project risk.

The criticality analysis was determined to be adequate. The analytical approach taken contains

substantial conservatism, however. The potential for reducing the level of conservatism, and

thereby elimhating the need for safety class equipment and associated operational controls, will’

be given fin-ther consideration during review of the final safety analysis submittal prior to system

operation.

Safety structures. systems, and components (SSCS)

General Design Criteria specified by DOE Order 6430.lA which apply to safety class

components (including applicable codes and standards) were not identified, nor was evidence

provided that they had been fully applied to the FRS or IWTS desigus. Order 6430. 1A requires

analyses which are documented and auditabl~ this documentation has not been provided.

Contractor criteria for safety class items could not be confirmed to be in compliance with DOE

requirements. Specifically, Tables provided in the IWTS and FRS SADS reference HNF-PRO-

704 for safety classifications. This procedure may not comply with DOE Order 6430.lA

requirements in that 1) equipment which prevents accidents with off site potential is allowed to

be safety significant rather than safety class, 2) toxic material releases do not result in safety class

designation, and 3) environmental degradation is not considered for designation of safety class or

safety significant equipment. The use of this procedure in producing the SADS is not accepted aa

a resolution of the classification issues. Issues with the procedure will be resolved outside the

scope of this SER.

page 8
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Derivation of technical safetv rermirements (TSRS)

No identified issues.

4 Programmatic control

Information provided in Chapter 10 of the SADS on initial testing, in-service surveillance, md

maintenance did not meet the required contertof DOE Order 5480.23, paragraph 4f(3).(d)15.

Chapter 4 of each SAD does contain some information regarding planned testing of the safety

functions, however the information provided is incomplete. me final modification to the K

Basins SAR incorporating this safety analysis information must fully address the testing ‘~f safety

functions.

The information provided on human factors desi~ does not meet the guidance of DOE 5480.23,

Attachment 1, or DOE-STD-3009-94 for content. The discussion provided leaves the reader

with a concern that there maybe a lack of understanding relative to the timing, scope, and

importance of Hmnan Factors in facility safety. Clearly, this effort must be incorporated into the

system desi~ process and is required by DOE Order 6430.1A, section 1300-12. Compliance

with this requirement has not been demonstrated and must be met. Delaying this effort to the K

Basin SAR is not consistent with DOE 6430.1A requirements.

The SADS do not address the potential reduction in visibility in the basins, as the FRS stirs up

sub-micron material, which the IWTS maybe unable to adequately treat. This reduction in

visibility may require operators to stay in the basins longer, to perform their jobs. Meanwhile,

the material is radioactive and will be closer to the surface of the basin water, so the dose rate

will rise. Longer exposures at higher dose rates maybe a significant operator dose concern. The

understanding of the Review Team’s is that the decision has been made to proceed with design of
additional filtration capability, which should alleviate this concern.

Special Conditions OfApproval

COM-1 The plan for testing of safety timctions shall ensure an appropriate initial testing, in-

service stieilkince, and maintenance progmrn, and shall be provided to RL for

review early enough for RL input to be effective in ensuring proper design of those

safety timctions.
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COM-2 A human factors review effort shall be performed, documented, and the results

incorporated into the system design for both FRS and IWTS as required by DOE

Order 6430. 1A, section 1300-12. Any deviations from 1300-12 shall be justified and

approved as required by 6430. 1A.

4

SER Requirements For K Basin SAR

●

●

●

●

●

A final (updated) HAZOP analysis shall be provided for the K Basin SAR. Any

administrative controls or mitigating featn~;s identified in that revision must be recognized as

authorization basis commitments, and be recognized, described, and controlled as such. It

would be prudent to perform an early evaluation of desigu changes not considered, in the

original ~OP to minimize project risk.

The K Basins SAR shall document the margins between design requirements and the safety

basis limits.

The HNF-SR-RD-001 and DOE Order 6430.IA requirements, codes, and standards

applicable to FRSAWTS shall be identified in the K Basins SAR as required by DOE Ordei

5480.23 and the implementing standards.

Crane and hoist controls for FRS / IWTS shall be provided in the K Basin SAR as directed in

RL letter 98-SFD-026.

Means to track and assure compliance with the multitude of operational commitments shall

be provided.

Fuel Retrieval System Results

Base Information

One reviewer noted that system complexity may result in substantial downtime due to

equipment failures and malfimctions. The FRS functional requirements do not speci~ the use of

manual methods and tools as an alternative to automated system operation. This comment haa

been provided to the RL project manager for consideration and will be handled outside this

review scope.
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Hazards and Accident Analvsis
I

The analysis for manipulators throwing fuel cleti of the water appears to have an error, in that

the manipulators can lift firel higher than assumed. Dose rates from lifted firel may exceed those

● reported in the SAD.

Safetv structures. svstems, and components @SCs~
I-.

The manipulator tether support system is intended to prevent the manipulator “tiolley support

frame from falling and damaging safety related equipment, a safety related table (for criticality

prevention) and the basin floor. The SAD acknowledges that under the cnrrent requirements, this

equipment is required to be safety class. However, the basin floor is not only a safety class

component, it is the primary confinement barrier. This confinement barrier must remain fully

functional following any credible DBA as required by DOE Order 6430.lA, 1300-1.4.2. The

tethers should be classified as safety class or show that drop consequences are acceptable, or

request a deviationfiom DOE Order 6430.1A.

Derivation of technical safety requirements (TSRS)

No identified issues.

Promammatic control

No additional issues.

FRS Conclusions

I
I

I
I

Special Conditions OfApproval 1

FRS-I The estimated weights of FRS equipment approaching the Table 3-10 limits contained

in the K Basin SAR shall be confirmed end used for the installation USQ review.

FRS-2 Installation of the manipulator support structure tethers is withhe!d pending 1)

contractor confhrnation that the tethers will be classified as safety class, or (2) RL

review of analysis justi$ing the safety significtit designation by demonstrating that

the upgrade to safety ClSSSwould not entail significant reduction of risk. If(2) is

chosen, a deviation request to DOE Order 6430.1A is required, or manipulator

Page 11
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support structure drop consequences must be shown to be acceptable.

FRS-3 Approval of installation of the fiel manipulators is withheld pending 1) RL review of

analysis which demonstrates that the consequences of the manipulator fuel handling

4 accident remain acceptable, or 2) contractor confirmation to RL that safety significant

interlocks for the tiel manipulators will be installed

SER Requirements For KBasin SAR ..

● FRS manipulator rail stops and interlocks shall be listed as defense in depth items.
.>

Integrated Water Treatment System Results

Base Information

No additional issues.

Hazards and Accident Analvsis

Appendix 3A HAZOP Analysis appears to be an initial analysis that has not been updated to the

final IWTS design. Although the final IWTS design has been described and analyzed in the

SAD, equipment descriptions and functions in the HAZOPS that are not consistent with chapter

2 and 3 need to be deleted or revised. Ad~tional information may also be required. A tinal

(updated) FL+ZOP analysis is required for the K Basin SAR.

The hazards analysis also needs to be updated to consider the increased hazard resulting from the

proximity of the settlers to the pool surface, i.e. urrcovery of a substantial source of radiation at a

higher pool elevation, hence shorter time duration, tlrarr currently considered. This situation

applies during fuel basin water loss accident scenarios, and has the potential to impact current

authorization basis assumptions and conclusions relative to radiation exposure, basin m-g,

and emergency recovery actions. The. SAD indicates that sludge settler tank uncovery and tie
due to basin drain down is beyond extremely mdikelyrmd beyond design basis because it would

take at least five days to uncover the top two settlers at the maximum allowable post aeisrnic leak

rate. The classification as BDBA should be reconsidered, or addhional information provided

which justifies the classification. The reconsideration and justification should take into account

the already-analyzed basin comer cracking and leakage as a result of the basin DBE, the effects

of drain valve leakage, and the accepted reliable response times for emergency actions to

A-20
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remediate basin leakage.

Safetv structures. svstems. and components (SSCS);

~The SAD states that the Knockout Pot screens are. designed to meet safety-class speciticatioris.

Section 4.3.2.3 states that the screens must be strong enough to withstand the forces from

pressure buildup resulting fkom filter plugging. Section 4.3.2.4 states that the Knockout Pot

screens ~e requked to have mesh dmensions v@fied before construction acceptance. The-

revised K Basin SAR should also identi~ the testing performed to confirm the structural

adequacy of the screen to resist pressure buildup loads, and the testing which confirmed that the

mesh structure maintained its safety function (specified spacing et. al.) during operation. -“

Additionally, the design must (1) demonstrate that failure of the safety function is incredible, or

(2) demonstrate that the consequences of credible failure modes are bounded by the criticality

analysis or (3) provide safety-class monitoring of the safety firnction.

The Radiation Monitoring System limits the consequences of spray leaks through control of the

source term available for release. These instruments do not identifi the occurrence of a spray.

leak event, however. Re-evaluation of spray leaks and required safety related equipment for “”

detection of such leaks shall be provided by October 16, 1998.

Derivation of technical safetv requirements (TSRS)

No identified issues.

Programmatic control

No additional issues.

IWTS Conclusions

Special Conditions OfApproval

IWTS-1. Approval of installation of the following IWTS components is withheld pending the

conditions delineated below

a. Knockout Pots

(1) RL review of seismic analysis showing that the knockout pots will perform

their safety class function (criticality geomet@ during and following the

DBE.

Page13

A-21



HNF-SD-SNF-SAD-002 REV 2

FRS and IWTS Safety Analysis Documents Safety Evaluation Report

A b.

c.

d.

(2) RL review of analysisdemonstratingthateithera)failureof theknockout pot

screen safety firnction is not credible, orb) the consequences of credible

failure modes are bounded by the criticali~ analysis, or c) the safety basis and

safety classification for equipment required for failure monitoring.

Settlers - RL review of analysis which evaluates the impact of the hazards
resulting from the settler height on the existing authorization basis. This analysis

shall include, but not necessarily be limited to, the following:

(1) Evaluation of the impact of the drain valve USQ and JCO on the settlers,’aa

well as the impact of the settlers on the USQ and JCO.

(2) Impact on the adequacy of current TSR restrictions on basin manning.

(3) Appropriate drop analysis and/or installation conbols for settler equipment.

(4) Seismic analysis showing that the settlers will perform their safety class

function (criticality geometry) during and following the DBE.

Annular Filters - RL review of seismic analysis showing that the annular filters

will perform their safe~ class function (criticality geometry) during and following

the DBE.

Radiation Monitoring System – Completion of design and ~ review of a

submittal of design related safety analysis information.
. .

IWTS-2 The safety significant fiurction of the Radiation Monitoring System for the IWTS

shall not rely on the computer control system, unless that system is designed and

certified to be safety significant.

IWTS-3 Re-evaluation of spray leaks and required safety related equipment for detection of

such leaks shall be provided to DOE by October 16, 1998, and the results

incorporated in the K Basins SAR.

SER Requirements For KBasin SAR

No Addhional Issues.
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APPENDIX A
CURRICULA VITAE

}URPOSE

This Attachment contains the technical and professional credentials of the Review Team as they

relate to the review. . . .

THE TEAM MEMBERS .. .-

Sidney J. Altschuler

B. Ch.E. Chemical Engineering, The Cooper Union for the Advancement of Science and Art

M.S. Nuclear Engineering, University of California - Berkeley

Eng.Sc.D. Nuclear Engineering, Columbia University

Registered Professional Engineer . .

Dr. Altschuler has 2 I years experience in the nuclear criticality safety. He has authored twelve

papers in this field, eight of whjch were published in ~.

As a Research Physicist at the Rocky Flats Division of Dow Chemical (1970-75), he used the

Monte Carlo codes KENO and 05R and was co-developer of the Surface Density vs. Unit Shape

Factor Method. k 1979 he joined Rockwell Hanford Operations Criticality Engineering and

Analysis Oroup as a Staff Engineer. He was Criticality Safety Representative for the Z Plant
complex horn 1981-85. His duties which continued as a Principal Engineer for Westinghouse

Hanford included writing and reviewing analyses (CSERs, CPSS, and postings) and providing

technical support for Hanford facilities which stored, handled, packaged, and processed fissile

material, including PUREX, Plutonium Finishing Plant, Plutonium Recycle Facility, K and N

Basins, WRAP, SP-100, HWVP, and the Process Facility Modification.

In 1995, Dr. Altschuler joined the Quality, Safety and Health Division of RL where he is
responsiblefor oversi~t of the contractors’ XIUCleiN CrhiCalhy safety Pro8r~s.
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Grant D. Baston

B.S. Physics, University of Wyoming

&lBA, University of Hartford

Senior Reactor Operator License, 1968,1972,1974

Mr. Baston has more than 35 years experience ~ the design of fast breeder reactors, the startirp

and operation of commercial BWRS and PWRS, and the operation of defense production reactors.

Mr. Baston’s commercial experience includes plant startup test engineer, plant operation

management, quality program management, materials management, Chairing Nuclear Review

Board activities, and directing emergency response teams. Mr. Baaton’s defense production

experience includes reactor physics engineer and operations management at the Hanford KE

Reactor. Mr. Baston is currently working on the Spent Nuclear Fuel Project as a contractor to

RL.

Guv E. Bishop. III
,.

B.S. Aeronautical Engineering, Virginia Polytechnic Institute

Mr. Bishop has 21 years of nuclear experience. This includes completion of naval nuclear power

school training and qualification in several naval installations as engineering officer of the watch,

reactor engineer at a medium size commercial boiling water reactor, and operations shift

supervisor at a large commercial boiling water reactor.

Mr. Bishop has extensive experience in core analysis, operations, safety analysis, and
engineering in commercial nuclear power plants, and has held a senior reactor operator license,

He has extensive experience within DOE in safety analysis, having served as chairman for line

reviews of several other safety analysis reports. He has extensive knowledge regarding safety

analysis techniques, requirements, industry standards, and worker protection issues and is

familiar with all areaa of safety analysis reports.
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Richard P. Denise

B.S. Nuclear Engineering, North Carolina State University

Registered Professional Engineer

>atentee on Nuclear Reactors
Retired Senior Executive, U.S. Government

Certified Instructor in DOE Conduct of Operations

Mr. Denise haa more than 40 years experience ~ the design, construction, operation,

management, and regulation of complex nuclear facilities including commercial nuclear power

reactors, defense production reactors, fuel fabrication facilities, chemical processing facilities for

nuclear fuel, ad fuel storage facilities. He has extensive senior executive experience in the

management of production facilities for DOE, and in the regulation of commercial facilities for

the NRC.

Mr. Denise’s experience includes an assignment of five years at the K Basins in support of the

RL spent nuclear fiel program. During this assigmruent at K Basins, a detailed knowledge and

understanding of the K Basins design, operations, safety baais, tirel handling, and characteristics

of the fiel was acquired. This detailed special expertise on K Basins, augmented by the other

extensive technical capabilities, was utilized as a member of the Independent Technical

Assessment Team.

Robert M. Hiezel

B. S. Mechanical Engineering, University of Washington

Mr. Hiegel has over 30 years total engineering experience in the nuclear industry for the

Department of Energy and the Department of the Navy. His nuclear experience at DOE haa ‘

included mhaging the design, construction and testing of nuclear facilities, and nuclear safety

overview of reactor and nuclear facility operations. He is currently responsible for managing a

team of engineers overviewing the development of the safety analysis for the Spent Nuclear Fuel

Project. He haa had experience in both chairing and participating in major operationrd readiness

reviews, safety analysis reviews, safety audits and appraisals. He was the Project Manager for a

Major System Acquisition, the Hanford Environmental Project and was the Deputy Project

Manager for the Shippingport Station Decommissioning Project. Roberts experience also

includes over 13 years experience in the nuclear program at Pearl Harbor Naval Shipyard and

Puget Sound Naval Shipyard where he performed radiological engineering and project
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management assi~ents for maintenance and modifications to nuclear reactor systems and

components on nuclear submarines.

Dennis C. Humrshrevs

&

Mr. Humphreys has over 26 years experience in the maintenance, operation, testing, defueling,

refueling, and overhaul of naval nuclear power plants. This included 16 years as a certified

Nuclear Shifi Test Engineer in the Nuclear Engineering Department, at Mare Island Naval

Shipyard. He also has 1 -years experience in rnkrragement and oversight of the Hanford Site.

Mr. Humphreys has been with the Department of Energy for approximately 2.5 years. He !MS

been a member of at least 7 fill and partial Conduct of Ops and Maintenance Assessments,

includhg the team leader for the Maintenance Team for the Characterization Project Assessment.

He also was a member of the DOE Team involved with the assessment of the BHI Readiness

Evaluation Team at 100N for the removal of high energy components from the basin. Mr.

Humphreys has completed EM-25 Operations ,Assessment Training. His duties and

responsibilities include the application of engineering theories and principles in the evaluation

and approval of reports and other technically related subjects and documents at Hanford. While ‘
working with DOE he successfully passed the Engineering in Training (EIT) Exam for the State

of Washington. Mr. Humphreys is a member of the Site Operations Division’s Operations and

Maintenance Management Team for Richland Operations Office. Two of his areas of

responsibility include Hoisting and Rigging and configuration management.

Mr. Humphreys has been the RL Hoisting and Rigging Program Manager for the past 2.5 years.

He has been trained in rigging and handling procedures and is a SME for the Site Hoisting and

Rigging Manual. His sixteen years at Mare Island Naval Shipyard included familiarization with

Crane and Rigging Safety and Operations. He is in charge of and a voting member of the Site

Hoisting and Rigging Safety Committee.
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Michael C. Humuhrevs

B.S. Chemical Engineering, Washington State University

M.S. Nuclear Engineering, University of Washington

A

Mr. Humphreys has over 17 years experience in fuels and reactor engineering, reactor systems

testing, operational readiness, and operation support of Boiling Water Reactors. As an employee

of a commercial nuclear utility he served as a fuels engineer, reactor engineer, Shift Technical

Advisor, lead reactor engineer, and simulator engheer. He has 5 years experience as srr

independent consultant to commercial industry utilities and to the Department of Energy in the

areas of safety analysis, feel desi~, simulator nuclear physics and thermal hydraulics desi~,

plant design b~is training development, BWR incore refueling, and plant procedure support. He

is the owner and developer of the COSMOS refueling software package, currently being used to

preptie incore shuffle sequences by approximately 15 U.S. and European Boiling Water

Reactors. Mr. Humphreys has been with the Department of Energy for approximately 1 1/2

years. During that time, he has served as the RL site representative for development and

implementation of the DOEiRL Integrated Safety Management System (ISMS). Responsibilities

include coordination with the DOE Safety Management Implementation Team and oversight of

the Fluor Daniel Hanford ISMS implementation effort, including preparation for and conduct of

the K Basins Phase 1 Verification. Other duties include review of safety analysis reports,

establishing nuclear safety policy and resolution of nuclear safety concerns.

Grepo rv. Z. Morgan

B.S. Mechanical Engineering, University of New Mexico

Mr. Morgan has over 15 years experience in engineering, design, analysis, testing and

operational readiness of nuclear reactors and nuclear facilities. As an employee of a nuclear

utility he was a senior scheduling engineer, saving a week on the critical path for a refueling

outage. As a Department of Energy employee he has analyzed the safety of six nuclear reactors,

new and old tritium facilities, nuclear waste tanka, and a spent fhel facility. He has led an

operational readiness review, and managed teams which finalized safety analysis reports and

restarted a troubled nuclear reactor.
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Francis M. Roddv

B.S. Physics , Villanova University, 1965

M. S. Physics, University of Illinois, 1971

J.JS Navy Nuclear Power School, US Navy Nuclear Prototype Al W @ INEEL

Registered Professional Nuclear En$neer (2 states)

Certified Health Physicist

Mr. Roddy has more than 33 years of expenenc;in the design, construction,, operation,

management, repair, and regulation of nuclear facilities including US Navy nuclear propulsion

plants, commercial nuclear power reactors, spent firel storage facilities, radwaste storage.. .S

facilities, radwitste burial sites, and DOE facilities. Hehasbeen associated withthe KBasins for

1.5 years while serving as the Senior Technical Advisor for Radiological Controls for AMW. He

has written Safety Analyses Reports for 12 commercial nuclear power plants and has reviewed

safety analyses documents for 15 DOE facilities. He has performed on ORR teams for 8 DOE

facilities.

Dale H. S~lett
,..

Bachelor of Science, Electrical Engineering, Seattle U~versity, 1990

Mr. Splett was a Naval nuclear operator tlom 1972 to 1978, and has a total of over 20 years

experience in repair and engineering in Naval nuclear power plants. He joined DOE in 1994. He

haa worked in K Baains Spent Nuclear Fuel since then. His responsibilities include project

management and operations.
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4
1.

2.

3.

4.

5.

6.

7.

8.

APPENDIX B

DOCUMENTS REVIEWED

Spent Nuclear Fqel Project KBasins Technical Safety Requirements, WHC-SD-SNF-
TSR-001, Revision OB Submittal, dated

...
Safety Requirements (TSR’s)- 1OO-KEand 100-KWFuel Storage Basins, WHC-SD-SNF-
TSR-001, Revision O

.. .,

DOE Standard “Review and Approval of Non Reactor Nuclear Facility Safety Analysis

Reports”, DOE-STD-1 104-96

“Preparation Guide for US DOE NonReactor Nuclear Facility Safety Analysia Reporta”,

DOE-STD-3009-94

Technical Safety Requirements, DOE Order 5480.22, dated February 25,1992

Nuclear Safety Analysis Reports, DOE Order 5480.23, dated April 10, 1992

Justl>cation For Continued Operations= 105 KEast and K West Basins - Limited

Activities To Preclude Damage To Basin Drain Valves, Plan and Schedule Of Proposed

Recove~ Actions, FDH-9762048 RI 1, Dated March 10, 1998 (and Revs 2,5,7,8 and

lo).

Summaiy of Phase I Task Completion 105 K Basin Floor Drain Valves, HNF-2222, ,
dated Febroary 9, 1998
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DOE RCRS FOR KW-IWTS SAD

.2. 13. Comnent(a)/Discrepancy(s) (Providetechnioaljustifi.ation for the 14.
comment and detailed r.commendationof the action requi.ed to corre.t/

16,

:tem
Eold 15. Disposition (Providejustificationif NOT accepted.)

resolve the dis.repancy/problemindicated.) Point
stat.
s

Ccrnne!ItKey: CrJrmnent/Dispcpitfon Status (Column 16.) Key:
Comn.nts are evaluatedas f.lli”g into tbe followingomission catewari.s,

A

taken fv.tnDOE Std 1104-96:
u

0/SSS - CC++NNITNOT ACCEPTED, ISSUE ADDRSSSED IN SXR
(1)- failure to address hazard.”smaterial or energy releasesw

G

si~nificant .o”seqdencesto the public, wo.ker, .. envirormmntthat will OA - CCW8NT NOT ACCEPTED,ACTION REQUIRSD
otherwisebe left wI. cove.age:

2

(2)- tecb”imalerror. that invalidatemaJor con.1.sicmsrelevant to tbe
8

CA - C@MENT ACCEPTED,ACTION REQUIRED
safety basis;
(3)- failure to cover topical material requiredby DOE orders (.8,

1
C - CCM4ENT ACCEPTED,NO FURTHER ACTION RSQUIRED

6430.lA, 5480.z3) or sttidanoeon ~~%.
9

All o.mn.nts (..1.ss identifieda. not requiri”sa response) adversely
9

impact tbe adequacy of tbe facility safety ba.is/docum.ntation.

8

Executive Summary:

1 T.bles Es-4 md 5: 4 items reumi” in draft form. These should be Y The referenceto draft document.swas madet.assure that tbe
convertedto final as soon as practicable.

CA
latest de.ig” infcmmati’hnw.. reviewed for SAD developn.nt.
The SAD i,$ a .omnitmentdocument rather them a“ implementation
dc.cument.Implementationwas identifiedwhere available,even
in draft form, due to tbe maturity of the design,

Chapter 2, “Facil@ Description”:

Gomr.1 C.m.nt.s;



&

12. 13. C.nment(s)/Discrepan.y(s) (Provide technical j.sti f i..t,i.n f., the 14.

[tall
comment and detailed recommendationof the action .equired to corr,ct/

16,
Hold 15. Disposition (Providejustifi.atba.if NOI’accepted.)

resolve the discrepancylproblemindicated.)
stat”

Point

2 The Contractorhas not systematically1) Ident.ified which 6430.1A design

,

Y The safety f.n.tior,sand performancefunctionslisted in Table
requirementsapply to which saf.t.yclass components,and 2) documented

0/
4-1 and code requirementsin Section 4,3 are applicableto the

how these requirementswere epplied to a safety class system or
SER

lWTS s.fety class components. As noted SC components...
component,and 3) demonstrated/ domnner,tedtbe existinsmargin between
design requirementsand AuthorizationBasis limitations.

P..siv. ..d mad. of stainlesssteel. Iheir safety function is
assured by the “.,1fication of dimensions,prototypicaltesting
(screens ), pr..perationaltesting (pressuretests)

&ar example, corrosion.911ow.”..s(643o.IA, ,%.t.i.” 0262) t. b. .,.d f.,
the various safety .1.ss equipnentto be placed in the basins are not A.ceptahilityof .orrosio”is provided by i“formati.nin the

specified. What is the corrosionallowanceassumed for the knockout currentK basin SAS Section 2.6.3, Water Chemistry, 2“d

pots? The assumptionmay be that, for the stainless steel equipnentand par.srwh.
short d.ratio” of expectedoperation,negligible oorrosion will occur.
IWere is applicationof this requirementdocumented? N. reference Section 4 specifiestbe dirnensio”sfor safety f.”.tie”

app..rs t. id.ntify tb. actual design values for the wan thickne.,.= complie,”ce,a“d they will be verified prior to equipment
vessel diameter,to allow the review to oo”finn the margin between the installation0. upon receipt.
allowabledesign dimensionsand the SAD limits foE vessel diameter a“d
“all thickness. (s)
Additionally,chapter 4.0 , 4,3.1.4,p. 4-2, does “c,t identifythe.,
dimensionsas items whi.h will he verified upon receipt,prior to
acceptance,although tbe design authorityfor llWS did indicatethat will
occur. (3) (3)

3 What is the temperatureeffect of operatingthe submersiblepumps i“ the Y Eval.ati.” of the therm~l effects of submersiblepumps in tbe
basin? The electricalenergy dissipatedby the pump motor winding

c
basin was made. Additional chiller capacity was not required

resistancewill all so into the basin water .s heat. D.rin& the f.ctory for added basin beat load from submergedpumps. Fuel removal
accept.”.. test the temperet”rerise in the tank of water with one continuallyreduces heat load.
submersiblepump w.. .i&nifi.a”t. During IWTS basin oper.ti.”s

Start up d“ri”g SW.., would
.xte”d time required to lower POO1 temperature,but does”,t

essentiallythree heaters will be installedin the basin water. Have the ,ffact ability to maint.ai” temperature.
effects o“ the currentK basin temperaturelimits been analyzed?

* Section 2: The system descriptiondoes not adequatelydesoribe the
4

Y The control system described is not a safety class or safety
comP”ter system,whi.h controls the lWTS Normal operationsof tb. lWTS

0/
sisnifi.a”t system that needs to be addressedi“ detail in the

are computer controlled. This i“oludes automaticshutdownof tb. system
SER

SAX or Sm. Tb. hazard analysis addressedfailure .o”seque”ces
in response to abnormalor out of spec co”ditio”s. This is a significant which would bo.”d the co”seque”cesof control system failures,
characteristicof this system with pcd.e”tialsystem wide ramifi..tio”s. ‘1’bisposition assumes that the safety significantr.diatio”
For example.,during the factory acceptancetest.complet..ystem shutdowm monitor aatety functionsare “ot part of tb. computer control
..curredwhile the .Peratorwas merely “.viSP.ti”gtbroush tbe compute, Sy,tem
display ..,...s. (It is mpe.ted that this particularsoftwaxe problem
will be resolvedprior to basin operations ) The system description
describes in detail the mechanical.spe.t of the lWTS, but except for
scatteredreferencesto the various control f“n.tionsand alarms it does
not address the .omp.tersystem,whi.h is the direct operationinterfa.e
with the IWTS. Section 2 sh.”ld oontain a descriptionof the Iwfs
computer“co”trolI“terface. (3)

:>
<L
tN



COE RCRS FOR SW-lWTS SAD
8/28/98 STATUS

b

—
.2.
t,”

T

s

6

13. Comment(s)/Discrepe,ncy(s) (Pcovidetechnicaljustificationfor the
comment and detailedrecommendationof the action required to correct/
resolve the discrep.ncy/problemindicated.)

Section 2: Relative to the .Dplic.tie”of identifiedcodes and
standards,this chapter,or other chapters in this d.xummtd. not
adepately demonstratemnnitments t..identifiedstandardsand
requirementswhich are applicableto IWTS equipment. Primary focus is . .
.afety cl.,. sscs. cl... statementsshould be provided to demonstrate

and confirm that the IWTS SSCS oomply with .11 applicablecodes and
standards. This would include items such as seismic and safety class
reouirem.ntscontained”in DOE Order 64S0.fA for safetv class SSC..

Sac%ion 2: The annular filter tanks, which had previously“ot met the
double contingencycriterion,now meet the criterion. The inner re.zi.”
is best left empty with its drain open so that a“y inledcaseof fisaile
“.t.rial will be automaticallyremoved from the system, Describe how the
lWTS will be operated to .ss... fissilematerial will bratwmoved from the
inner re~ion.

%.ti.n 2.2: Tlis section states that the facility standardsa“d
criteria that apply to the IWTS are found in HNF.SD-RD-001, a“d that the
specific standa~& and requirementsthat apply to the lWTS equipmentare
found i“ HNF-s-D 564. Provide evidence to validate this statement,..g.,
the results of a systematicreview which identifiedthat all appli.able
standardsa“d requirementsfor lWTS SSCS from lfNF-SD-RD-OO1 are contained
in HNF-S-0564.

Slmcific Coinnents?

2.2. v. 2-1: The applicablecodes a“d standardsare not listed, but
r.ferenced (RNF-S-0564). These codes and standardsmust be incorporated
into the applicableK Basin SAR revision, and not referenced.

Pax. 2-3: Section 2.5.1.1: ‘I%.weishts of various in-pool components
should be i“oludedand verified as part of the system description. This
is critioal inf.arm.tionneeded for USQ screeningfor determini”$
compliancewith Table S-10 of the K Basin SAR. (3)

Page 2-4: Section 2.5.1.2.1: A desc.iptio”is needed to describe bow
the knockout pots axe vented and where the vented hydrogen is directed
to, to help understandhow potentialradiol.sicalend mnhusticm hazards
are co”troll.d. Altho”sh some informationis in Table 3A, it should be

included in this secti.”. (S)

Y

Y

Y

Y

Y

15, Disposition (ProvideJustificationif NoT accepted.)

SC and safety’significantSSCS identifiedin section 4 are in
compliancewith 6430.IA,

The inner tank has an op.” pipe drain, This feat... will he
Ide”tlfied i“ the K Basin FSAR.

All of the applicablestandardsand requirementsfor 1W2S S2CS
fr.m HNF-SD-RbOOI .re n.t ..nt.i”.di. RNF-s-0564 (.ch.. th..

by refer....),however .th.appropriatestandards and
requizernent,sa“d applicationof the..?standardsand
requirementswere evaluatedby qualified“ulti-discipliruary

p.r..nn.1d..i.s f-h. ..v.r.l d., isn review.. Therew.r. n.
OP.”standards or requirementsissues identifiedat those
reviews

The appropriatecode and standardrequirementswill b.
addressedin the K Basin FSAR.

Weights will be verified prior to lifti”s over the basin. USQS
for i“stallat.ion will det.rmi”e compliancewith existingK
Basin MR. The K Basin FSAR will address or ,eference
specificsof .Omuliance.

The vmt is to the basin when they are in SL.IMS., No
consequences are anticipated. An 1“.,..s. in hydro~en c.”
result from the additionalsurface area due to fuel breakase
from FRS oper.t.ions.Consequencesof pl.gsed vent, hydrogen
buildup a“d subsequentopenins is addressedi“ the c“cre.t SAR
section 3,4,3,s:

R--
;t at.

—
0/

SER

CA

01
S3R

—
CA

T

c
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DOE RCRS FOR W#-lWTS SAD
8/28/98 STATUS

●

2.
13. Comment(s)/Dlsc,ePmcy(s ) (ProvidetechnicalJustification f., the 14.
comment and detailed recommendationof the action required to co,,ec.t/

16,

>era
Hold 15. Disposition (Providejustificationif NOT accepted.)

resolve the discrepancy/probleu,indicated.)
stat”

Point

11 Seotions 2.5.1.2.1 and 4.3.2.1 state that the Knockout Pot SC,.... are

s

Y AStf3B31.1 is identifiedas the standard for tbe screen in
desiz.nedto meet safety-classspeoificatio”s. Section 4.S.2,S states

D/
4.3.2.2..

that the screensmust be stron.fenowgb to witbstar.dthe foroes from
SER

pr....r. buildup re.ultinsfrom filter pluzging. Section 4.3.2.4 states
that the Knockout Pot screens are required to have mesh dimensions
verifiedbefore const,ru.tionacceptance. The code or standard (such as
ARMS B31.1) used to speoify allowabledesign stresses a“d loads for the
sore.” should be identified.

12 SeCf.io”2,5.1.2.S The descriptionof the a“n”lar filter vessels, and Y ‘fbefilter vessels are ASMR B&PV Code Section VIII code stamped CA
their depictionin fig”res 2-6 and 2-7, indicatethat the outer vessel “.ss.1s ‘Thecovers for tbe OPe”i”E.sare integralPart. .f the
tanks are of solid constr”otionex.qt for inlet a“d outlet PiPing In vessel. Gasket material is environmentallyqualified including
aotualitythese vessels b.”. a series of bandboles around tbei, radiation exposurelevels. Expeoted z.asketradiationdose for
circumference,four each near the top and bottom of tbe “e,,el. The the duration of fuel r.m.”d is less tba” 10% of acceptable
.0”.,s for these handholes are held in place by ti2.hteninga nut on a exPos”re. The SAD drawi”~will he updated to xeflect .wt”al
threaded C18MP a“d are sealed by *askets _lheSAD d..,“otaddress the eo”figu,ation in tbe K Basin FSAR.

pr.b.bility.r ..ns.W.n... .f leakage tbr.usb these bandboles. FaLIure
of a gasket, due to xadiati.a”exposure,nmeha”icaldamage, age or some
other mechanism,may representone of tbe most credible leak paths out of
tbe system, a“d could result in drain down of a filter vessel,

13 Pa?..2-6: Section 2.5.1.7: Y Backflow thro”2h FR2 PUMP, of CVD wat.ezis addres*ed as last
Did “ot see excess water removal (or receipt from the CVD) i“ the hazards

CA
item of Table 3A-1 Node 1 on page 3A-4, last item of Table SA-

an.+sis. (3) 2, Node 2 on Paz. 3A-6, and last item of Table 3A-3, Node 3 o“

~~lA-8, next t. the last item of ‘rahle3A-5, Node 5 .“ page
The K Basin FSAR will address excess water ,.UIOV.L c,=

P,.vid. referencet. appropriatehazard analy*is. Trnck moves
in basin for reC9ipt of water from CVD will be controlledto
existingK Basin SAR and TSR co”t,ols Unloadin2 hazard, of
tbe t,hiswater will be formallydocument in updated hazard
.“.lYSIS.

. Pa?,.2-6, Secti.a”2.5.2.1, What is tbe basis for tbe 50 # DP limit
14

Y Tbe 50# delta pressure is the maximum expected operatingDP
(81”.” in 2.5.2.2)?Potential fail”,. modes of tbe screen / knockout Pot

0/
,.,.ss the k“ooko”tpot soreen to initiatePot replacement..It

(bypassof SC,..”) should be addressed. If no fail”,.. are credible,
SER

is not a safety pamneter so no TSR controls are required. The

$=tifi.ati.n for such statementsneed to exist. lf failuremod., a,. screen which is a passive SC design feature must witbsta”d
credible,the” TSR operabilitymcmitori”grequirements(for s“dde” DP dischargehead of PUMP (125 pSi)
drop, or the DP limit) need to be speoified, a“d this equipne”tneeds to

be safety .1.ss. (I)



DOE RCRS FOR K4-IWTS SAD
8/28/98 STATUS

L2
13. Co!nnent (s )/Discxepancy(s ) (Provideteoh”i.alJ.stificat.io”for the 14.
comment and detailed reconnm”dat.ion of the action required to oorrect./

16.

:tem
Hold 15. Disp.sitio” (Providejustificationif NoT accepted.)

resolve the discrepa.cylproblemindicated.)
Stat.

Point $

15 Section 2.5.2.1 states the knockout pot and screen will capture particle. Y
larger than 500 micro-meters.

Tt!e50o ralcronscreen in the knockout pot is based on tbe c
Please clarifywhether this is actually particle size used in the criticalityevaluationfor the

.“. quarter inch, which was believed to be referred to as tbe limit in settlers .s”dthe filter vessels, Settler tank dimensionswere
earlierdiscussionsregarding the screen limit. If 500 urn,please restrictivefor larzer particles. The 1/4 inch is the size of

pr.vide the basis for $e1ectin6this limit. (3) tbe FRS s.,..”. upstream of the knockout pots wbicb are
criticallysafe for optimal sized particle,

16 Section 2.5.2.3: Provide the safety classificationa“d basis for the Y The vent system i. General Service and is requiredby the
vent system.

CA
Wasbi”gtcmDepartme.”tof Ecology NCC (Noticeof Construction).
This design was evaluatedfor its hazards (“. unique bazmd
identified)a“d will be formally documentedfor refer.”.. in
the K Basin FSAR.

17 section 2.6; Tbe lWTS b.. sig”ifica”t impactso“ tbe confi“ement system. Y The imPacLs to the confinenra”tsystem (i,e water) are tbe
‘fbeysbo.ld be describedhere, as comnittedto i“ tbe FRS SAD.

c
hasi” pUMP down Potential due to tbe subnwr~ed PUMPS, This
1ss.. is addressedby tbe c.rre”t SAX and TSR and c.”lyimpacts
unma..i”g durations.

13 .%ctio”s 2.7 a“d 4.4.1,1 state that if the radiationmonitor is mot Y The safety function ,eytrenm”t.s of the safety ,i&”ificant
operatingthe lWTS cannot a“d will not operate. This implies that

0/
radiationmo”it,orare defined. The .syste”desiz” is still in

preventionof lWTS operationwithout the radiat.io”monitor is r.”
SER

prc.s=ess.A mfety s+nif icant interlockor administrative
engineeredfunctionof tbe oontrol cirouitry. WxVever, 4,4.1.5 states control will be provided,
that .“ administrativecontrol will be consideredf.= i“.1.sio”i“ tbe
TSR for operationof the radiationmonitoringsystem. If there is a“
interlockwhich prevents operation of IWTS without tbe radiationmonitor
operable,there should be a TSR addressingoperability/ surveillance
rquireme”ts for this interlock, If no such interlockexists, the
administrativecontrol is probably appropriate. One or the other should
~pplY,but not both. (2)

Chapter 3, “Hazard and Accident Analyses”:

Gm. r.l COnnImkS:

19 Chapter3: Specify ut, ich hszsrds were et imins ted f mm sccident Y The update identified in response to item 21 wi I \ provide
considerate ion due to being covered in geners [ worker ssf et y. (3)

CA
identi f i cat i m of specific ES&H progrsm that sddresses hazard,
as appropriate.

. . . . . . . . -. —...

Page 5
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DOE Rcss FOR SW-IWZS SAD
8/28/98 STATUS

,2. 13.
Comnent (s )/Discrep.sncy(s) (Providetechnicaljustificatio. for the 14.

comnent,and detailed recommendationof the action required to correct/

16.

tan
Hold 15. Disposition (Providejustificationif NOT accepted.)

resolve the discrepa”cylprohlemindicated.)

stat”
Point .

20 Paqe 3-2: Section 3.3.1.1: Voltage is s process psrameter that was not Y The hazard ana(ysis did not address electrical system
considered in the hazards anatys is. Time atso is a process parameter

c
explicitly. It was determined that no new hazards existed

that might need to be considered. Hazards ana(ysis is incon!ptete. (1) that were not aL ready present and contro[ Led by existing
inst i tut ionat Safety codes and requirements. ( i.e. NEC, OSHA,
Hanford Hoist ing and Rigging Manuat, Hanford Radiation
Protection Program, HAZCDM, etc).

21 Tab[e 3-3, 3-4, and Appendix 3A: The purpose of the hazard and accident Y The evolving design has been and nil I be reviewed for new

ana(ysis process is to systemstica ((y identify hazards within an
CA

(unique) hazards. None have been identified to date. The

operation and describe the measures taken to et iminate, control, or hazard ana I ysis wi I L be u@ated as required for reference in

mitigate the i dent i f isd hazard. I t is necessary to keep the hazard and the K Basin FSAR. Examptes for !4xlating include de~eting old

accident anal ysis current as baseline inf ormat ion changes. Base Line design information and addressing any design changes.

information inctties faci 1i ty description and drawings, process and
operat ionat descriptions, hazardous material inventories, etc. Numerous
comments were identified during the review indicating the hazards
analysis, provided in the IWTS SAO, is not current.

The Apperdix 3A HAZOP Analysis appears to be an initiaL analysis that has
not been updated to the fina[ lUTS design. ALthough the fimat IUTS
design has been described and anaLyzed in the SAO, equipment descriptions
and functions in the HAZOPS that are not consistent with chapter 2 and 3
need to be deteted or revised. Additions! info may a(so be required. A
f inaL (updated) HAZOP analysis, as described in HNF-PRO-704, is required
for the K Basin SAR. Features required for accident prevention and
features required for accident mitigation have been id.mt i f i ed in chapter
3 in the. SAO, but still need to be inc(uded in the updated HAZOP.
Defense- Tn-depth and worker safety engineered features and abninist rat ive
controb at so need to be revisited in the HAZOP. Consequences md
frequencies need to be re-eva(uated considering information obtaimsd
during the accident ana(yses. There is concern that not al 1
defense- in-depth features were adequately considered regarding safety
classification. These
features which inctude monitoring inst runentat ion and above water piping
need to be reconsidered for signific.mce a“d fins! c(assificati cm.
Justify the fina( c(assificatio” in terms of requirements a“d guidelines.

ExampLes of specific identified concerns have been provided separate( y
for information.

22 What are the consequences of a basin pw@own with the settlers Y This is addressed by the cwrem K Basin TSRS, Section 3.4.3.
instat lsd? Can basin now be unmanned with purps running.? What contro[s

CA
The U!m!an”i”g criteria of the TSR must be met. The umn.anni “g

are necessary?
(1)

criteria MI\ 1 be reviewed to determine i f the early uncovering
of the sett(er tanks impacts this criteria. The K Basin FSAR
will provide the evatwt ion red/or criteria change.
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DOE RCRS. FOR RW-lWTS SAD
8/28/98 STATUS

12.
13. Cement(s)/Discrepancy(s)(Providetechnicaljustifioatia,for the

Item
cormnent. and detailed recc.mnendationof the action required to correct/
resolve the discrepancy/problemindicated.)

23 Table 3-4: The ( ist of patent ial accidents does “ot ( ist a case where the
dose to operators increases and the Loss of vi sibi ! ity severe! y affects
operations due to the p(!.tne of s(udge in the water. This potentia(
accident shoutd be assessed for inc(us ion in the List of potent i at
accidents, i f it was not, and evaluated according( y.

14.
Hold
Point

Y

16.
15, Disposition (Providejustificationif NOT accepted,) stat”

s

This is an operabi (ity concern and water quality issue. A CA
singte event woutd not significantly impact radioactive
material content of the basin.

i.

Page 7
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DOE RCILSFOR SW-lWfS SAD
8/28/98 STATUS

2.
13. Comment (s )/Dis.orepancy(s ) (Prc.vido technical j.sti fication fox the 14,
comment and detailed reoomnend.at,ion of the action required to correck/

16.

,teln Hold 15, Disposition (providejustificationif NOT accepted.)
resolve the discz’epmv+./pzob1.mindicated.)

stat”
Point s

* Page 3-21: Tabie 3-10: The SPRAY anat yses are cent rat to estab( ishing 1) Optinxm ho(e size is the size that gives the greatest
26 the adequacy of the worker protection features of the entire system.

0/
Y

Addi t i ona L information is requi red to demonstrate the adequacy of the
respi rab[e reLease rate and, therefore, the greatest receptor SER
dose. This hoLe size does not give the necessarily give the

aria! ysis and the overs LL methodology. greatest f ract i,on of the re(ease as respi rabLe.

What is the optimum ho(e size, and is ,toptinm,, determined as the 2) The SPRAY computer code qua( i ty assurance documental ion may
fraction of reLease uhich is respirabte, or is ,,optirmn,, that re(ease be found in ‘8A Modet for Predicting Respi rab~e ReLeases from
which gives the highest respi rable inventory and dose? Pressurized Leaks,,, UHC-SD-GN-SUO -20007 (Hey and Leach 1994).

The modets used in the SPRAY code are based upon empi rica L
Uhst veri f i cat ionlval idat ion has been perf ormed f or the SPRAY program? correlations avai Iab(e from published literature. The SPRAY

code uas written to assist in determining optimum va~ues for
How do the resu(ts change i f the reLease and exposures are for shorter reLeases and for quick~y and consistently calculating rekease
times? (2) rates. 1ndepervdent val idat icm was performed for the

corre (at i oms used in the SPRAY model by taking data from other
pub( i shed sources and comparing i t Hi th the modet predict ions.
Hand ca(culat i cm L checks were performed for severat SPRAY code
outputs to ensure that code outputs are correct. The code rum
under DOS and $ho”Ld b? ,cornpatib[e Hith any lBM-cornpatib(e
persona ( co!np”te~ Punnl n!j DOS version 3.0 or tate~.

3) Shorter re(ease times reduce the amount of respi rable
retease i“ a way that is directiy pr.porticma( to the totat
release time. However, the air transport factors increase for a
shorter tota[ re(ease time because there is Less Hind
dispersion. The air transport factors increase in a nay that
is proportiom~ to the ratio of the togarithm of the two
re(ease durat i ms. The tots L amount of respi rabLe ret ease
is rdtip tied by the air tr.msport factors to ca~cu (ate the
tota~ dose. In genera[, the receptor dose wi (( be greater for
greater retease times. The current methodology
(HNF-SO-SNF-TO-059, Rev. 1) for calculating the air transport
factor as a function of reLease duration tti L( not produce a
monotonically increasing totat dose as a function of release
and exposure. Artifacts of the mode[ wi ((, for some re(ease
durations between O and 24 hours, sometimes give an estimated
dose that is slight(y Larger for Lesser release times. This is
due primari Ly, to the fact that different breathing rates are

aPP~ ~ed after 16 hours and a ~onstant air transport factor is
aPPt I ed fOr re~eases of duratl on [ess than one hour or between
on and two hours.

Pa.se 8



DOE RCFW FOR KW-lWTS SAD
8/28/98 STATUS

*

12.
[t.em
—

*

25

—

.

T

—

27

.

—

—

1s . Cmmnent(s)/D1screpanoy(s) (Providetechnicaljustificationfor the
cment and detailed recocma”dati.nof the action required to corzect/
resolve the discrep.mcy/problem indicated.)

Section 3.4.3: psge 3-38: The first psrsgrsph indicates that this
accident is beyond extremely unl iket y and beyond design bssis because i t
wou(d take at (east five days to uncover the top two set t (ers at the
maxim.m a((owab(e post seismic Leak rate. The classification as EIDBA
shoutd be reconsidered, or addi t i onat inf ormst i on provided which
justifies the classification. The reconsideration and justification
shou Ld take into account the already- ana Lyzed basin corner cracking and
teakage as a resu(t of the basin DEE, the effects of drain va[ve Leakage,
and the accepted ret iab(e response times for emergency actions to
remedi ate basin Leakage. The current anatyses for these effects
indicates that uncovering the top settlers wou Ld occur sooner than five
davs. and stoming (eakaqe at the corners with structural damage may be
di+f; cult. - -
The first sentence of the section indicates that this accident is a DBA
rather than a BDBA. The word ‘nbeyond,, shou[d be inserted.

The f i rst sentence of the third paragraph uses the word ‘odetonat ionos,
which should be changed to IIdef (agrat i on,, to be consistent with the rest
of the text and Table 3-17.

Page ES-vi ii, Tabte ES-2, may require revision based on resolution of
comnents on Section 3.4.3 questioning the va( idi ty of the accident
Classification as BDBA. (2)

HAZOP Analysis, Appendix 3A:
General Cement.s:

Tab(e 3A-16: Should add to TabLe 3A-16, Node 17, consideration of an
overheat inglf ire in the electric heaters.

~ab(e 3B-5, Acute Maxinwn 99.5 Percent Sector Atmospheric Dispersion
Factors: Provide the basis to beLieve’ that heaky PLFJ2 partic(es wi(t mske
it not on[y 100 meters but 7.5 mites in a dead catm (99.377 meteorology)
especia ((y within the first 30 minutes.

Chapter 4, ‘sSafety SSC’ SIT :

14.
iold
?oint

Y

Y

Y

15, Disposition(Providejustificationif NOT accepted.)

—
16.
M,at”
,

The corner leakage per Document HNF-sD-sNF-DA-012, C(osure of
Seismic Review Issues and Other Structural SafetY Concerns for
the 105 KE and 1D5 KU Spent Fue( Basins. is mt a significant
amount relative to the 50 gpn limit now in the SAR and cracking
is ordy postulated to approximately 13 ft above the basin
f~oor. The excessive drain vatve (eakage could impact the
analysis but currentty the ptan is to prec(ude drain va!ve
Leakage through mitigation, determination of incredibility or
engineer fixes. The tocat ion of the settlers i“ weasel pit
does provide attenuation by wease! pit waLls of radiation fie(d
if they do become uncovered, such that access concerns for
mitigation efforts are minimized. Contained material cmdd mm
be aerodynamically entrained.

0/
SER

The vent system was eva(uated for hazards, inc Luding the
heater. No hazards uere judged to be significant. The hazard
anatysis of this system will be forma Lty docwne”ted for
reference in the K Basin FSAR.
3A-16, Node 17, is the resutts for sn earkier system design.
Typica(Ly such designs have (imited heater capacity to prevent
overheat i ng.

!4e are using accepted accident release criteria, no credit is
given for faL[Out.

CA

c

—
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12.
13. C.mmnent(s )/Discrepancy(s)(Provideteohnicalj.stification for the 14,
cormnent.nd detailed recommendationof the action required to correct.1

16.

[tern
Hold 15, Disposition (Providejustificationif NOT accepted,)

resolve the discrepancy/problemindicated.)
stat”

Point s

● Page 4-2: Section 4.3.1.3: The racks in the basins are safety c~ass per Y
28

The rack modification invoLves cutting the center bar to atlow OA
the K Basin SAR. Modification of the racks is not described in the SAD, room for the knockout pots. The knockout pots have bui t t i n
nor is it cLear that there is any authorization documentation for rack
modifications.

spacers and are not dependent on the racks to maintain
The rack modification and ana(ysis of the modification separation for cri t i cat i ty reasons. Therefore for the knockout

rekit ive to the racks cent inuing to perform their safety function must be potz the racks are not required to provide their indexing
provided to 00E. It is ak.o requested that the safety classification of safety function. For existing canisters the cutting of the
the modified racks be c(earty delineated inc(uding the basis and center bar nou~d not impact the safety indexing function
controts, if the racks are not maintained .ss safety class. (3) because no additional canisters would fit than is a~ lowed with

the center bar not cut. The adequacy of the modified racks is
documented in HMF-sD-sNF-sARR-006, Evacuation of Safety Issues
Associated with Damage or Remova( of K Basin Storaqe Racks.

P.sqe 4-2: Section $.3.1.4: The drop ana (ysis for the pots was not The intent of the SAD is to provide criteria not implementation CA
:9 referenced !or was 1t compLeted at the. t i me the sAO was issued to 00E. Y detaits of the criteria. Because of the maturity of the design

This ana (YSIs shou~d demonstrate comp~ I ante !di th safety c(ass funct i ona[
requirements.

imptemenrat ion detai (s were provided or referenced uhen
It is requested that FDH confirm the analysis is compteted avaitab [e. Orop ana(ysis ui (( be provided for DOE review uhere

and issued, and that i t demonstrates funct i ona L requirements are met. required by existing authorization basis and/or prior to
DOE requests that they be provided a copy of this ana 1ysis. (1) instantiation of equipment. The upgraded K Basin SAR for fue(

removal operations wi ([ jprovide detai 13 of compliance for
safety c(ass and safety significant SSCS.

Page 4-5: Section 4.3.5: This section provides no functional
;0

Y The LoCat i on of the f i ( ter vessel enctosure is beyond the reach CA
requirements to withstand potent i at impacts of drops mto the ann”(ar of the Transfer Area Crane trot Ley. Remova L of access port
filter vessels. Basin crane Limitations for Loads over the f i tter during operation ni [1 be with mobi te crane and wi [t be subject
vesse~s are not described nor are there handling administrative controts to evacuation at that time. It shoutd be noted that normal
identified. The safety cLass functions must be maintained under accident
scenarios.

maintenance access wou~d only occur after vesse[s have been
Provide the basis why a toad drop on the annu(ar vessets is backwashes to provide to(erab~e radiation (eve[s. Criticality

not a credib{e accident, and, if the accident is credibte, provide concerns and re(ease consequences are much reduced or non-
reference to any drop ana Lysis performed to show the annu Ler vesset existent after vesse(s have been backwashes. The upgraded K
safety function is maintained. (1) Basin SAR for fuet remova 1 operations wi ( ( address as requi red.

Sect ion 4.4.1.2: OOE-sTD -3009-94 guidance indicates that safety
;1

Y The SAD is a criteria docwment not an implementation docwnent
significant systems, structures, or components is to be described i“ this

0/

chapter.
as noted i“ respome to item 29. The K Basin FSAR Hil 1 provide

Sect ion 4.1 of the SAD further states that Chapter 4 provides
SER

implementation detai Is.
detai[s of the safety significant SSCS. Only one safety significant SSC
was identified in this chapter and the system description design detai(s
are not provided. It is reported that design detai (s are not yet
determined. Oesign detai (s of this system shou(d be provided for review,
as this system is current (y incorp(ete.

;>
.&,0
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12.
Item

;2

33

;4

35

13. Cmnnent(s)/DisccePancy(s) (Providet.echnioaljustificatio” for the
comnent.and detailed zecomnendaticmof the action required to correct/
resolve the discrepancylpr.ablemindioated.)

TabLe 4-2: Section 4.4: This section states that certain SSCS wilt be
‘0 meet safety significant requirements for purposes of
mitigation and defense- in-depth. It further presents safety significant
equipment designations for K West IUTS in Table 4-2. On(y one item is
identified in the Tabte. According to DOE-STD-3009 -94, page 8, SSCS
which provide defense- in-depth are designated as safety significant.
There are a nm!ber of SSCS that could be c(assi f ied as safety
significant, but have not been identified as such in TabLe 4-2, e.g.,
shietding, primary contsirinent (pipes, IXM, etc.), computer controted
interface between the radiation monitoring system and the lUTS, f i t ter
vesset temperature monitors, spray shie[ ding, f i lter vent system, etc.
1t is requested that a carefu( revi eu of these and other sscs be made
using 00E-STO-3009 -94 criteria to assure the SSCS are proper(y classified
as safety significant, and that Tab(e 4-2 and Section 4.4 are modified to
ref Lect any changes. (2)

Paqe 4A-3: TabLe 4A-1: This tab(e shall be revised as required to be in
compL iance with 00E Order 643o. 1A and 00 E-sTO -3009.94. A“y affected ssc
classification shat( be identified and documented. (3)

Chapter 5, “TSR’S”:

Chapter 6, Ilprevention of Inadvertent
Criticalitv)i :

Paqe 6-5: Section 6.1.4: The stnnnary of contro(s identifies that
anatysis has been performed for fuet spil led from canisters into the
arraY of knockout Dots, and identifies both administrative cmohibiti.ms
and rnechani cat stops a; controts to prevent c.mister movernekt oveP
knockout pots. Provide the basis for not making the mechanical stops
safety c(ass or safety significant as defeme- in-depth. (2)

Sect ion 6.1.4: second paragraph: States that lWTS IXMS have been shown
to be criticat(y safe even if in[et pLutoniun concentration is increased
by two orders of magnitude over that discussed in Erickson (1994). The
statement irp ties that it is not i“ Erickson 1994 itself. The statement
shoutd reference the docwnent that substantiates this ctaim. Confirm
this was bassd on Erickson (1998) and clarify in the K Basin SAR.

14.
Hold
Faint

Y

Y

Y

15. Disposition (Providejustificationif NOT accepted.)

[he hazard analysis performed for the SAO SSCS cmd the res”(ts
me in compliance with the above definition of safety
significant frcm sTo-3009 -94. For the examptes cited there was

?o. id~ntif ied hazard that coutd resu(t in fatalities or serious
1nJurl es, or excessive exposure.

10 changes are anticipated but tab~e wi LL be updated for any
Jew safety sl gnif icmt i tens.

lechani cat stops ui tt be used and are safety c[ass with a
;afety fumtio” to have sufficient strength to stop movermmt of
:anisters past them. The upgraded K Basin SAR a“d Criticality
‘revent ion Specifications for fuet renwva ( operations wi LL
,rovide the impteme”tat ion detai [s as required.

:va Luation is i“ Erickson 1994. Statemem was cmty made to
dent if y conservatism. This wi~( be cLarif ied in the upgraded
: Basin SAR for fuet removal operatiom.

16.
stat”
s

w
SER

CA

CA

CA

Pa@ 11
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.2.
:tem

T

—

—

—
*

37

13. comment (s)/Discrepancy(s) (ProvidetechnicalJ.stifi.ation for the
ccmmnt. and detailed recommendationof the action required to corPect/
resolve the discrepancy/problemindicated.)

Page 6A-13: Section 6A2.4.1: This section identifies that the CVO
process wi ( L ensure doub[e contingency against a backwash introducing
partic[es (srger than 550 m into the filter vesse(s. This requirement is
identified in section 6.1.3. Provide evidence that it is covered in the

Chapter 10, 111~’itial Testi,ng, In-Service

Testing, Maintenance”:

Chapter 10: Genera[ Cement: The information provided in Chapter 10 does
not meet the guidance of OOE 5480.23, Attachment 1, or OOE-STO -3009-94
for content. Specific concerns inc Lude a lack of specific information on
requirements, initi ai testing, in-service surveillance, or maintenance.
Requirements such as those identified in HNF-s-0564, section 5.3 shou(d
a(so be considered for inc!us ion into this chapter.

14.
[old
bi”t

Y

Y

15. Disposition (Providejustificationif NOT accepted.)

This issue is an interface item that is being formalized with
CVD. Various so(ut ions to the issue are viab~e.

Detai Is of initia( testing, inservice inspectim .md
maintenance is premature at this time. Comnitrne”t to existing
programs addressing these i terns is appropriate based on Progrm
Comni tment guidance section of 3009-94. The upgraded K Basin
SAR for fuel removat operations wi I L provide more specific
information for safety c(ass and safety sig”ifica”t SSCS.

The safety function of ~ass ive components are verified by code
requi red inspections, factory acceptance test i “g, md receipt
inspect ions. No i nserv ice inspect ions or maintenance
requirements for these i tens have been identified to date.
Safety significant fi Lter vessel radiation monitor ui(( be lab
or K Basin tested with check sources and periodica ((y
ca{ ibrated.

16.
W at”

CA

0!
sER

-

Page 12
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—
2.
tan
—
*

38

—

.

T

13. comment (s )/Discrepancy(s ) (Providetechnicaljustification for the
comment.and detailed recmnnendationof the action required to co.rect/
Eesolve the discrepancy/problemindicated.)

ChaDter 10: GeneraL comment: The content of Chapter 10 of the Integrated
Water Treatment System Safety Ana(ysis Document is uhot [ y deficient in
meet ing the scope snd content requirements of DOE Order 5480.23 snd OOE-
STD-3009 -94, snd does not support s conclusion that the requirements of
DOE Order 6430. 1A, 1300 (test ing of safety funct i ens), have been or wi I (
be met. The suhni tted information sinqi y states that there wit I be sn
appropriate ini t ia( testing, in-service survei ( Lance, and maintenance
program, and defers the provision of in formst ion unt i ( the upgraded K
Bssins SAR. Since this p(sn mskes the information avai (able to RL at the
Latest possibte time, and is tikety to make any RL input difficuLt to
accommodate, i t is not a satisfactory arrangement for making important
safety information avai Iab\e.

1t is recognized that some of the testing, such as factory acceptance
test ing and construction testing, may have at ready been performed, and
that other testing may sti 1( be in the planning stages. Since RL needs
the utmost confidence in the equipnent performance, FDII shoutd provide
that information on design ad construction confirmation testing nhich is
non avai (ab(e, and inform RL of the p(an and schedu(e for prepa~ing and

-providing the remaining information which is required by Chapter 10.

Chapter 11, ,l~perational safetY” :

The operational Safety section of the K Basin SAR must incLude a
description of the program to assure systematic identification and
incorporation of the various operational commitments of the FRS SAD. A
tab(e (i Sting a(l the various specia( Operational ccmnitments in the SAO
is suggested. (3)

14.
10ld
Point

Y

[5. Disposition (Provide justification if NoT accepted.)

:ee 37 above.

Y mptementat ion of the specifics of Programmatic conmitmems
:e. g. radiation protection, qmlity assurance, m.aintemance,
>tc. ) are to be addressed external to the SAO a“d SAR as
l[towed by SAR PREPARATION CONCEPTUAL BASIS AND PROCESS,
PROGRAMMATICCDMMITMENTS, of 00E STD-3009 -94.

;pecial operational ccionitments wil~ be addressed or referenced
in the K Basin FSAR

6.
tat”

—

0/
SER

OA

—

Page 13
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12.
13. Ccmnmmt(s)/Disorepancy(s) (Providetechnioaljustificationfor the

Item
.mmnent and detailed recommendationof the action required to correct/
resolve the discrepancy/problemindicated.)

lCha~ter 13, #’Human Factorstt :

ChaDter 13: General Cormnent: The information provided in this chapter
:0 does not meet the guidance of DOE 5480.23, Attachment 1, or 00E-STD-3009-

94 for content. The discussion provided (eaves the reader with a concern
that there may be a (sck of understanding re~ative to the timing! scope,
and importance of Hunan Factors in faci(ity safety. Ctearly, this effort
must be, incorporated into the system design process and is required by
00E Order 6430.lA, section 1300-12. Compliance with this requirement has
not been demonstrated and must be met. Oe(aying this effort to the K
Sasin Safety Anslysis ReFoI’; is not consistent uith DOE 6430. IA
requirements.

41 ChaDter 13: No evidence that envirormentat factors were considered for
impact on operators or equipw nt operation. Provide assessment. (3)

14.
Hold
Point

Y

Y

_

15, Disposition (Providej..stificat.icmif NOT accepted,)

The discussion in the SAO is not in conflict with the graded-
approach guidance of sTo-3009 -94.

The safety significant vessel monitor system was not addressed
but is subject to hunan factor evaluation. However the hunan
factor concerns for operator action to aLarms do not require
imnedi ate actions (hours uou(d be action requirements. A(so

~ operator action in response to aLarm is not comptex (shutdown

Iand initiate backf tush)

Environmental factors have been eva(uated and none have been
identified for SC SSCS.

16.
stat”
$

0/
SER

0/
SER_

Page 14
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13. Commenl(s)lDisc repancy(s) (provide technical jusdficadm far Ih< conmwnt and detailed

wcommmdation of the action required 10 corr.ctl resolve the dixrepmcyipmhlun indicated.)

Commem Kcy:

Comnwn!s “r. CWIUIUWI as follhw imo the following omission cawgwics. tukcn from DOE S!d

1104-96:

[1)- failure to addtws hazardous mawkd or energy releases w sig”ikant co.seq.encss to the

public, worker, or environment that will othmwisc be le!l WA> COVW.X.;

(2)- technical wmrs Lhat invalidate major conc[u$icms relwmt 10 k SIT(W bmifi

[3)- failure to cow topical material required by DOE orders (c&?,6430.1 A, 5480.23) or

guidance on SAR’S.

All comments (unless identified ns ..1 requiring a response) ,d.ersdy impact [he adtq.acy of

the facility safew basisldwumcntation.

Executive Summary:

Stctio” E.8, P:,gc xiii; Con[nwy to the SAD. US(J K-97.0265 is no! “r.xcn!!y cb,wd”.

Tnb!c E-1 Ii$!s !1,. Gtfidclines <m ON site rmliolo~ie.i wnscqutms% for :widcmls lbwi”g

I’rcqwncics (vo.> I E-(12 10
< I E -06 as 0.5 wm EDE. This is not consist.”! wilh the risk Evduatim Zuidclim% ol’Tddc

3-1.

\Vhm the SAD i“f.rnuti.n is inmrpw:tied into the K Wins SAR. cormcl and consishml

guideline vnhms should he used.

ChN3tt?r 2. “Facility Description”:

Gum’al Comnmms:

Provide the corrosion alhwmccs used for the various equipmml in the hmi.s? (3)

14.

Hold

Poim

Y

v

Y

15, Oiqmsition (Pmvid$ jmlificatio” if NOT accepted.)

Conmwm/Dispmitio” SIatw (Column 16.) Key:

O/SER - COMM’ENT NOT ACCEPTED, ISSUE ADDRSSSED IN SER

OA - COMMENT NOT ACCEMEO, ACTION REQUIRED

CA - COMMENT ACCEPTED, ACTION REQUIRED

C - COMMENT ACCEFTED, NO FURTHER ACTION REQUIRED

Agree. 11x upgmded K Bosi” SAR for fu.1 wmoval “peratio”s will remove

Mmcnwnt (h.{ USQ K-97-02fJ5 is cb,std.

Agree. !he upyad.xl K Basin SAR for rut) rc”,ov:,l opcvatio”s \\,ill provide the

risk evzb!:tlio” &.uidcli”ts i“ th~tddc .,,6 (<,N.oIc !IW 0,S m“, which is !ht
s,(,ly ,1,,,, ,hr,,h,dd.

Com,sio” is mx considered m issue. Equipmem in basin is pr,don,inately

ptimed cnrbm wml. The fkl rocks arc u“pai”tcd mrbcm sM. Rc(w to Sectio

2.6.3 WO(Cr Chcn,islry 2“d paragmpb “f !IN cxis!ing SAR \!,bich pmvidc da(o 1.

indimte Iha! ccxmsi.” is “.1 m issw bwause of the shoe wvice time and Imv

corrosion rates for mrbon slcel.

6.

!1,1”s

A

u
G

2

8

1

9

9

8

;

CA

CA

OA

&

A-6400-090. I (03/92) V/EFOl I
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2. 13. Commmt(s)lDkcrepancy (s) (Provide tschnical j.stificadon for the c.mmcnl and detailed
14.

I, “ reconmwndntion of lb. actirm required to wmrcctl ws.lw tic drscrcpamylproblwn indicated,) Hold 15, Dispositi.m (Provide .iustification if NOT accepted.)
16,

Poim
slat”,

4 Describe provisions for .@ removal later o“, or as rtq.itwd for main! mance (g, the PCM)? Y The FRS nmi.lmmce stm[cgy is documented i“ the Fuel Retrieval S“bPmjtet

See 6430, IA, scclion 1300-11.2, (3)

c

Mai.t.n.nce Asse~sment. SNF-FRS-RPT.010. The stmmgy is la@y driven by

cost, pmsm. eldo,., md schedule comideratiom. Th. msessrn.m recommended

a strmegy !bat is bawd up.”direc[replacementofrnod”l.wcompon.”tsrather

thanrcpairin$failedinbasin units for all FRS systems with the exceptirm of the

manipulator systcnu (dw to the h!gh costs a“d lcmg,lead replacement times OC

manipdotom). 1“ S“PPOII of this strategy, ON following features ht.. bee.

incmporated im FRS desis” for i“ basin equipment:

* In basin equipment prcmm(o failure designed as modolar

nils.
+ In basin components desigmd for remote, in place

replaccmeM using long handle tools cmIhe nm.ip”lator.
. Traditional remote handlinz features imorporakd into

dcsig” m expedite rqdatwoenl times, such as w. of acorn

nut. dtsigncd for easy .nzaz.ment md special anodized cm

painted finishes for tow of d,contan,inatio”.
. F.tilure p$o”c ikxns. to !hc exlcnt practical, rcl<,cated to

ahovc waier. bn”ds o“ accessible locations. Scwo vnlvts,

conlr, dlcrcards, cm, cdocatcd 10 mzmip.lolor bridge arc

W!nplm.
. M.imcnmce a~re<mcm with .IY site vendors in progress

fi,r lb. maniptdtdlor syskm 10 expcdi!c repair limes and

in,provc rcpoir mpahili!y,

Fu!,,lmnc”vd m the str,megy is lb. procure”wnt ,,f <quip”,c”t u“d systems

Ibot Imve a“ opc,aling life of I,dler lhan l\vo y.8rs

. Cannot dchmnint Ibat (3FI (Gro””d Fault Inwrupwr) br&dmcs have btc” used. as r.q”ied by
5

Y GFk \vill be i“coq,oratcd as rcquimd by cods.

6430. IA, seclio” 1605-2.3. C!onwactor states issue is slill ‘open”, (1)

c

SPWCCo,,t,,,.nf$.’
6 ‘2.2, p. 2-I. The applicable codes and standards w. ..1 Iislcd. bul referenced (WHC-S-0461). Y l%< p,.t.dent set by !hc K Basin SAR al RLs direction \.as to refer 10 lb.

The npplicahlc codes md standards need to bc imorp,,raled i“t. [he :!pplical,lt K Basin SAR
OA

SRIDS doct,mmt for idmtificatio. of requirements, TIN SRIDS is approved by

revision. (3) .% h!nmlgcr, is lrtat.xl as n. mth.rizati.n bosis (AB) document, The i“,..! is

not m have (\vo sets “r rcq,!ice.,e”ts I,cih approved as AB$ crwdi.g lb.

POSSdllbtY.f COMi.ls or i.consistmcies, STD 3009 -94.1,. slat,, that SRIDS
may h. wf,mnced, $VHC-S-0461 him bee. cress-checked ag.ins! lh. SRIDS by

II,. system cngim.ring process 1. ;issur. all nppropriak requirements were

qmciiicd.
.,
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2. 13, Comnlent(s)/~sc rtipancy(s) (Pr.vidc technical justification for tht comment and detailed 14,

c.commwrdalion of th. .clion required 10mrwetlIwolve the discwpancylproblem indicated.)
15. Disposition (Provide justification if NOT xxeplcd.)

16.
em Hold

Point
shut,,

7 ~ top of page: Found no mention of the ‘telescoping stiflb.mks” discussed hew as Y The !eksc.ping Mitiack features is one of several pieces of “Equipment that OA

D* fcn$e in Depth feature for worker safety a“d may be safety-significant, Howe+cr, this Pr.v,n!s li~.g thq pcM wash bask~t and ,anisl,f, ..1 .f the basin waler” *S
feat”rc is no whmt nwntio”ed as such i“ chapkx3. (3) d, fi”ed in ths 6* b“lle! on !he page 3- I I list of deknst in depth equipment. The

Mmcopi.g $iilhack. ond its safety classification arc .!s. discussed in Stc!i.n

8

3.4.2,2

S.clio” 2,5,1.1 states that canister hooks a“d sliflbacks a= designed 10 prcvenl Ming canisters Y ‘f7K unmo!oriz.d hoists \vi\h unrestrained rolkrs will return the stiftback to a

km close to the stirface, This may be out for single canisters, but if canisters arc engaged

CA

verlicd lili position htcauw of the b.rizo.lal load induced by the tilting of fbe

\vhen racks me lined, !ilting of the racks cm over-raise the ca”is(ers. ‘Ilk scenario is ..1 rack. All fills of canislers are under manual local control Ltfling of fuel close

n“alyzed in the SAD m Ihe K Bmi” SAR. (1) to surface by tilled rack \vould be detected hy area radiation monitors before

OP.KI1OCdmc fim’its were exceeded. Wbb operator presence, overload limits on

hoists, and tmrcslraincd rollers the pmhabilhy of this nccidcm .xlrc.w!y unlikely

or incmdihlc. lk Iilli.g of a mnistcr is addressed i“ {he K Basin SAR S&Iio”

3.4.1.6 -Canister Lift overexposure. W,!! idsntiry lhe rack scenario as mother

way for f“tl to approach ..rfac. i“ FSAR i“ the “p~radcd K Bmi” SAR for fud

rcmow,l opcmt ions.

9 ~ Swtio” ?,5. ! .?: I st pamgraph: Spcciry O,. dccapping system mtlcrial, carlM,” or Y CZI,l,U” steel N itb exccpti.” of ivatcr \\vutd t“ols which are stain!css steel. c
,~, i”, c,, ,,...,’! (J) ,,

+ ~ Sc.Xio” 2.5. I .2: 2,x1 pm,gr.,ph hl<,rc ,Icmil.xl infiw,nuli<m is r.qui, c,l t,,, !1)<,:.,1! Y The .,.,,1 .! Ncm is :ItI ,ALARA [caturc .s mid!.>scd Imr. .“d i,, Swlion 7.0,

10

c
sysmm for mniswr dc.;,pping, (3) & (1) DOE/RL 97-2X. Rm!io:Miv. Air Emissions Notim of Consln,clion Fwl Rem”va!

for 10SK\V Bmindms ,nc,lwq”ircany ahate”m.1 or nx,nitmri”g for Kr. The

c,g. V/her. dots the gas vent so to? k !bis vt”l Ii”c i“cludtd i. tlm K Bmim NEPA license. sysl.m is mukd 1“ h. vented “ear mofve.\ 10. The slrai”cr is “nly a dernister,

.IC? \Vhal kind of monitor is ““ {he .,.1 Ii”. (for mdialio,, or .Ibtr)? SC, 6430. I A, stclio.s
!589.99 ,0. I cmd !3?0.6,3 ,1.

junk should not b. present. No additional dwail is mquiwd.

e.g. \Vbcr. is this stmi”er? How would i! lb. dm.cd ancl what Ii,ni!> arc on its awumulation

0( junk?

II ~ Section 2.5,1.2 4!h paragraph: How dom the dmnistm work,./. pads (.s so Y The Hazard A“dysis reviewed a “mre co”>pficatcd sys!<rn, and this ilwn is “o CA

stnted in the Ha7mds Analysis)? (3) Ihmger pml of the design, As patl of [h. d.velop”wnl or the up~mded FSAR, a

hamrds bastli”e will be pwpwed m cover all K Bosi” .clivities “nd update tha

misting hw.mds inf”mmtio”.

?’
*
4
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DOE RCRS FOR FRS SAD

8/28/9S STATUS

t.
ml

—
.

12

—

13

—
14

—

Is

—
17

—
18

—

19

13. C?ommm1(W3iscrqmncy(s) (Pr.vidc Iech”icd justification for the comment and demiled

rccommwidation of the aclion required to cormml r.ssolw the discmpancyipmbkm indicated.)

~ TIN FRS system description on pngc 2-4. Section 2.5.1.2, and pa:. 2-5, .%ction

2,5.1.3, netds 10 be stren!glhenedto clearly identify the interfaces hctwem !hc FRS and WCS

relative t. high pressure water, If FRS includes a“y piping, pumps, ccl., i! should bc identified

as a potenlid hazard nnd cvaluat*d. E.g. Describe what is the PCtvl made of (.11 parts),

P*SSU= the Wa!er jelS aperal* at: lh~ soucccOr \val*r, Wher* th* pipinz is (abov, ,va@rfine O,
belcw), how the jets arc co.lrollcd, \vbcr6 tverylbing is located (control slation, hi press \valer

pumps, ctc). \~’h*re tie washed OUI s!udg$ go,s. ~nd hOW ,Iudge iS r*mOv~d.

2.5.1.4. 1,5.1,4; Stuck Fuel Runovd Equipn,c.1 Dt$mipliwv Provide d?, dose smnscquc.cw

fro”, smvinz the Ikl along with IIN mnistws,o Art special PPE nwdtd for cvc, y,,m i,, the
Ix,si u,!

14.

ifold

Point

Y

Y

Y

Y

Y,

Y

Y

IS, Disposition (Pmvid~ jus!iiicatio” if NOT accep!cd.)

Il. FRS pumps which supply water 10jets are located atop west basin divider

wall a“d !ht wale: wpp!y is k.., lht WI’S lr,akd WIIIW i.., alkr filtration and

,on exchange. pumps a“d piping are designed 10 appropriate press.!? system

:odm (ANSI B 3 1.3) as r$quiwd by WAC. This provides for w.dax protection.

Maximum prcssuw is 250 psi. Only pumps and their suction and discharge

piping am above water, T2X conscquencts of a leak is essentially lha sanw as for

Ih. existing rccimdatio. or skimmer system , sams radioactive source. ?he

c“rre”t K Basin SAR Section 3,4.2.11 Co”taminattid Building Atmosphere

bounds spray IAs of !b* type addressed(basin waler). The upgraded K Basin

SAR for f“d removal operations will clarify inhxfaces. Pcrsonnd hazards fmm

spray leaks \\,ill h< addressedas pan of the dtvelopnwnt or the hcmrds baseline

m be pt’qiared k, cover .!! K Basin activities and updam the existinz bamwds

i“rormwio”.

The pwpmc of lb, mrqttc limiter is to prevent mechanical damage 1. lht PCtvl
g.m IIOX and ii ..! I() prcvcm fuel danmgt. Dcfc”sc.i.-dcp!h is o.ly rcqt!imd k,

hc idctltilitd 1<>pnvve,,l unto.lrolkd Ccleasc,

SC. ?ml pmagtaph. ]pogc?-6. -,Tbc skid-mounted high-prcswm pump asscnddy

is fposi!i<,,,cdover !],, ,cdl stpaki,,g the ce.lcr and WCSIIboysof Ox hmin pool.

The I@.pwsww [pumpp,.,vidts th. ft,cl flush “OVICS will> twated basin waler

r,,>”, [w-m

3.4.2.3 Ft!cl A$se”ddy Bums Under \Vatcr, providm 111.Wdtmlion of !bt worst

m.c event. The even! sccnwio, which is (be sm. ror dtcapping, prinmry
.Ico”i,,g. or ,mm,,.in>. stuck rt!cl, m“ld i“id:,le m c“ergetic rti,c! ion or umni.m

hydrides, urani,,m. or zi,vo”ium cladding malwinl$.

Swlio,,. 3.4.3.9 Co!kfincmw,t of (kel,,w R:,diolysis I>md,mts, O( (he ctwre”t

K Basin SAR re(dr. !<, Weher 1994 wh,ch a m“rc detailed evnh,atio” of the
conscqut”ccs O( o h.m of canis!er t,m”iun, kl elcmcnls t!ndtr water a“d
CO. C!W3.SIhm !1,. ,.1.;,s. (o lb. sit. boundary is signik.,,lly 1.ss IImn

acceptance crhc, ia. Fu!lhec Ihcw is “o dwnogc 10 the K B:,sin stmctmx nor

i“jwy 1. pemonnd for credible events.

“Tre.ledm lmsi” water is \valer tha~ has bcm Iikercd nnd deio”imd by !hc IWS,

KW will have less n.ti.ity than KE.

Table nmtcrial is cadwn steel and is m b< p;ti”t.d.

The go-m-go gwugwis . pip. tbnt .SSIII.S 0,. klCO hmkets will (h i. !ho MCO

(..,, $.f.ly fi!.,ti..) ..d ~at Ih. fu.~ is c.. fi.ed t.. saf. g..m~~ry i. UM went
of MC() bmkd mptm d.ring a siemic event or drop accidwt (safety f.”ction

to nrwmt crhimlitv) Ref.r to sectim 4,3,2.2

i.
,[”s

CA

c

c

c

c

c

c
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DOE RCRS FOR FRS SAD

8/28/98 STATUS

2.

leln

z-

—.
21

—
*

22

13

.
.

24

.

[3, Commenl(s)lDiscrepancy(s) (provide technical justification for !be comment a“d detailed

*commendation of the action required to ccmrectt resolve the discmpa”cy)pmblem i“dicawd, )

* middle of p~gt:

b What fuel element ‘Ienglh tvq.imments” are ties.? Could no! find k,nher mention of Ih<n,

mywherc.

B WM are thew two other golno-go sauges for?

P Wlew are the te$t \veigh(s stored? Could ..1 SC. Omm on Fig ?. 1I.

* Is Ihere only one lamp? Must there he a certain illumi”aticm of the work arm, or will \vork

,. *topped to relarnp? (3)

Section 2.5,1,6 stows 11,.1the mmml sys!em is designed m pmvm! OV.Wlifing of !be rut!.
Pleas. .xplai” why thew art . . nwchmical i“tsrlods. Phase exphin what C.SUWS “the

mmipub!lors .,.. “.1 cnpahle “f filling fuel out or Ihe basin \,,aICr-.

~ BoNom of pnst: II. manipulator comml systcm has be.. d.ssikl as GS i“ table

3.8, It appears the syskm should be classified as safely $i~oilicant. Justify Ibc

clnssilico(io” .(3)

~ 1s1paragraph: The wmovablc mtchnnicnl rail stops sh.t!ld I,c S/S. pw im

definition, (1)

4.

[old

‘oinl

Y

Y

Y

Y

Y

—

5. Dkpositio” (Provide j.s!ificatio” if NOT acctpt+ d.)

.imil 11 from the CSER (emtained in Appendix 6A of the SAD) addresses Ihe

:ngtb mq.irem+

1 Assembled (UC!assemblies can be mJ10.w thm longest allowd fuel.

~ MCO fuel or scrap basket Ioadinzkmrage; see item 19

I Test weights aw Xoxd south of fixl basket Ioadins smtim tinder monorail

!7,

t Yes. there is one lamp to back Iigh! the MCO bmkct to fxililmc assembly

omlin~ which is easily rc.lamptd, Addi!icuml li~htinZ is provided by 0,. CCTV

:Vsltm.

The following cimiom of Ihc FRS prot.renw”l spetilicalions highlight where

!n, iromnm!sl md dittitm design comic krali,, ns 1,.. ? bcm imposed up. ” !hc

:xpiprncol vendors:

p~t fl,,,,~~,n~~sr~~itic~,ti$,l fi,r lhc Klanipt,lah,r Powhase. SNF-FRS-SPC-
03 Sc.’ti,,,) 5.3. R:,diu!ion, Sct!i,,,, .<.?,.5 I opcc:,ti,,g E,,vir<m,>,cn!

in.P.ml Equipmco! Pro<tmwnc”! Spccilimtion, SNF-FRS-SPC.007 Scclim,

.5.12. Radk!i,m. Stctio” S, 1.2.2- K Sosin optmti”g Per:,mmm
(e8witomwnl condi!ic,m)

Ptdi,m,mxc Sp.xifimtim liw Ck,scd circuit Tclwi,io,t. In Bnsi,t
Ligh!i”g, and Equipn,. n! Opemtio,,, Ccnlct. SNF-FRS.SPC.09, S<.’!i.n

3 .2.?. ! opcra!i,,g E“.i!,mn,t,, t,Rdio(i<m c,,vivo”mcn! was not spccificd,

since it !\ws dc!cmimd lhat +mcmc.1 upon bib,rc WZISlb. “,.s1

eco”.mi.al approach

A. id~ntified in Table 3.A.4, km 4 page 3A-1X 11>$pbjkiml reach capability of

he rnmipulatm is UP 4.5 feel fcom surface of water. Control limits reach 1.6

rc.ltiOm,,lrr:%~~.fW:,ICC,Noo!bwcnnlroharcntcehsmy.A ,Ictaild

:~PlOn,~i,,,l is P,,,vidc,l io AmmIIdix 3C pow 9.12.

rlw cxisii.g atxa mdiati.” nm”itom provide the mxcssary pcoltclio” for \\,04wm

tin Wti”Z of SNF abcm the wmr. ‘k faib,rc “f mnipmlm,r eo.1r.1 Syslm is

:vab! aled in 3,4.2.1 Appmlix 3C,

Mmiptdnt.rs opera!. :,1or below gmlin~ level, Failure O( !bc cm{ stops 6.<s

nol crea!e an unmwptablc load drop, or critidhy concern m a work safety

issw.

6.

1,!”s

OA

c

0/

SER

c

c
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+’

2.
Iml

—
.

25

—

26—

27
—

.

2X

—
*

29

x

—

31

—
32

13. Con?mcnKs)K3iscwmnw(s) (Provide technical justification for !he c,,mnwnl and detaikd

recommmdadon of {he aclio. required to correcd resolve Ihe discrcpmcy/problcn, indicntcd.)

~ 1s1paragraph: Tiw mmipulator ccdlisio”-mmidmce syswttt would at least be a

Defense-in-Depth feature. (3)

~ ?nd & 3rd paragraphs: The location of rooms 3 and 20A should bc dtscribed. (3)

PaEC 2.! 1: Section 2.5,1,8: ?nd paragraph: Specify the material [m the basket que.c,(3)

p,.. ~.,~, sCCdO”~,~,~,,: .3~d~~~~~vh:P~O.iiJeb~$i$j“$d(~i”~why the tcltst.pi.~

sti(llmck is ..1 SC for Ihe same rmso” the MCO stiflback is SC. ( I )

pa,,, ~.13: s~~,i~n M.z.3,

U“abk to detwmin* that Ihc PCM is designed for easy wi!hdm\vd from !hc Bmi”s, c,,nkistent

w 6430.1 A, scc~io. ,1300-11,2, ‘Ms is impmlmd w lhe PCM is probably the .1.s1 likely lh!ng

to break down during operations and need r.moving for rtpairs. (3)

Pas. 2- I 4: .%ctio. 2.5.2.5: Pm.idc addbi”tml description of the ‘wash bmkctm 10 ht!!cr

t,”dersta”d it>s function. (3)

Scctio” 2.5.2.5: Procedural controls and inspcctio”s necessary to m,.!ro! mixing tromp SNF

with dtbris shall be described ii 11,. WM. nmnoge”mn( swtio” or lhe SAR 10 ens, !r.

con,mittmms i“ tbk section arc adequa[cly controlled.

Pam 2-16: Top of page: Describe bmis and safety sig.iiicmc. of th. 3- limit on scmp. (3)

4.

+old

‘oim

Y

Y

Y

Y

Y

Y

Y

Y

15. Disposition (Pmvidti j.stifcatio” i[ NOT wqtcd.)

“ accordance with DOE-STD-3009-94 “Syskms, swuc[.res and con)ponm!s that

tre ,“njor co”tribu[om !. def.nse i“ depth me desi~nated as safety significant-.

Wbik !he collkib” avoidance sywcm mey be considered as a defense in dtpth

neas.re 10 minimize equipmml damage, it would ..1 be considered as safety

;ig”ificanl. This feat”rt will be added @ the dtfcnse in deplh list recognizing il

s capable of pmwenting a challenge to lhc basin floor or FRS safely class

:quipn,~nf due ~0 a drop, bul will be classified ~Sgeneral sewice since [he drOp
,. .Cc,,., ahl.

s.. .Oach.d fig”r. for Iocatio” of mom 3 a“d 20A

RmkcI queues me carbon sled (painted),

TIN maximum amount of material !hat can h, Iillcd ..1 of Ihe water by the

telcscopin~ stiff back (ass. ”,ing failure of the sliflback) is the PCM wash basket

(cquivdem 101 mnistw). !gnitio” of !b, scrap in the wash bask.! will nut occur
b:,%cclon ;,na!ysis de.mnstrali.g that a cn”ister contai”i.g scrap would ..L mmch

ignili”n t<mpctatuucs wilh !hc wrapmniskr insulated by s!”d~e layer of 10

Wr.<111 or !<s>of the dch!is Ibtd hcigj,l (pod.. and Cromx 1994), Th, p=hf

,.:1S!>Ib:l,k.! [pt,,vidcs Iiw Itigpr 1,.2( !mnsfcc than the c,,”ihlcr i,l slwly.

Sin.. III. simili.r ;,nd>sis is not wmilahlc for the MCO I,mkcl, 11>.scrap in !he

owr.lilicd LIC() h:wkc! is asw”wd 10 ignim. The wl.mse (km, this c.mbmti.”

. . . . ..1s the Ii”,i!. Tb. MC() I,askel stirlbmk ,1s. r“”cli””s t. h“,h dmp htighl,

,vhich the loleseoping $iflbmk need “.1 do d.. to the “Ins. differcnm. The

rdcme rrom lhc ,,$.s1, lbmket is ae,vdymnic emrainnm.1 rrom surrocc o.d the

hlCO basket rclca.c is firt drive” \vbich is much bighcr. This is ON basis for

dir(c!tncss i“ classification of )vICO basket grapple o“d !clessoping s!ifr back.

Refer m Seclions 3,4.3,1 & 3.4,22,

The PCM is installed in picc.sam!assmd,lcd under water. The rmwrsc process

will be used to W“IOVC lhe PCtd following completion or operfili”ns.

Pmct!rc”w”l specifications i“ch,des critcrin a“d dcsig” ka!uru for remote

nmi”lt”n”cc. Factory Accqxa”te Tests rcquim re”m{c “lain! em.cc

dem”nslmti””.

Tbc dtscripti”n in 2.5.1.3 l>Cfd Equipme,tt I)c%criptimt is comidcwd mdcquate

f“r ,,r~~~ev,lwoion.

This is a ‘debris removal- activity from the standpoit,t or\vasle nmnagment and

is bcycmd Ihc sco$e of lbk SAD.

Tbcw is . . mfc!y si~”ifim”cc. The limit is lhe size bawd on experience that is

realistically cmccwd w be capable of bei”z reassembled as a fuel piece.

6.

tat”,

CA

c

c

c

f)A

c

c
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DOE RCRS FOR , AS SAD

8/28/98 STATUS

t

2. 13. Comment(s)lDiscrqmcy(s)(Provide technical justification for the comment and detailed !4.

em recommendation of lhe action required to cortectl resolve the discrcpmcylpmblem i.dicatcd. ) Hold 15, Oisposilio” (Pmvidc jtnstifwation if NOT accepte d.) 16.

Point
S[at”s

33 Page 2-16: Section 2.5.2.6: 1s1paragraph: 3rd, 41h smte.ca% Clarify how we *nsure that Y The tdCO stifl%ack grapple has an indicamr a$swiated with dm operating lever

the operating lever (.( the MCO stiflback grapple) engages Ihe hdl detent gropplt from the

OA

10 indicnle position of gropplc which is not show” i“ the figure, Ilk is not a

OP.mting f100r, 100Kng dO~vnon ~hceq~lipm~n~? This is * c~tical OP@iO.. Swg,,l S.(C1Yconcern since MIs or drop have ht.. analyzed find do “w prese”l a

co”sidmuion in operating prwcdures to Iifl slowly wh!k checking with a TV camcm. w this pmblwn,

would provide immediate visual evid.ncc of nuacb.wnl. (3)

34 Pax. 2-16; Section 2S.2.6: 3rd paragraph: Clarify: Y See pages 2- I 1 !hrough 2-12 for a description of Ihe empty baskd grapple. The

● HOW Iht cmp!y MCO grapple is grappled to Ihe MCO basket, how (he hoist is III*II

OA

FTC inlmlwks to monorail 27 \vilh lhe sa”w basic i“”cti.nd design “s all other

con”ecwd 1001$ h!CO grapplt and how IIIC posilivc cngogonicnl of Otc w. (h.slxt IO OM cxis!ing basin ,mwmmil i,ocrlocks. This is a“ appr”priaw IWCI of dct”il for

grapple, grappla to the hoist) is ensured, safely analysis,

● What safety prem”tio”s are “ecdtdvis“ vk hoist operation k, ,“s.,% propme“gagmwnl or

the emply MCO bmkct hois! 1. the flexible monsfw .,..,, and

● how vwilica!io. is made Ibal the .mpty MCO zrapple is disengaged kom (h. unloaded

basket “,>d.m..l,r. (3)

35 .%ction 2,6. Contrary m !his SAD, the l\\TS SAD does ..1 develop ,“dclailtd cbangcs K, lhc Y The inlent \\,ab to refer 1. !h* IWTS disc. ssi”n of cha”~.s to tbc “co”ti”e”,cnt

K Basins SAR. (“r the conlinemen! system dc,ign description.

CA
Syxlomvdue1<>11,<!\\TSsystem which provides lhc water ((x the <onfincment

hystem. This \vil! h. uwreclcd i“ the upgrodtd FSAR,

* P.s. 2-1 X: Scc[i,,n 2.9,4: 2“4 hull.!: Provi,k bosi. ju. !irying,,[,> Ibex Nc\v i“tc, h,cks am Y

36

Adn,i,,islr.Nivc u,ntmds (or Crfiicdity prcvcnlion will ens.rc m, I’ud ca”iskx’s arc

“01 *,ltly <!:,ss. pcr 6430.! A, >cc!i<,n I 300-3,2. (1)

CA
.!w’td i“ Ihc hlC() Iw,skcl n,oven, e”tpa!h, so o cri!icdhy cm,scd b> o raih,,v “r

II), i“!edock :md “o,]-upgraded portion of O,? rails hccomcs a double conti”gt”cy

<vent. 1. nclditio” ,vcigbllhcight for drops or hlC() haskds arc within K Basin

SAR Td,k 3-10 li!nils. Tberefow the co”stqumccs of !he :,t’ciden!smsocimcd

wbh raihwc of Ihe in!c,locks arc acccpwblc and they .ced not be snfcly doss.

37 Pow 2-1$: .sccti”” 2.9.4: ?nd bullet: Dcscril,c the Otxiblt tmnsfcv crone in “mm 4<1:;1to Y %... complde f:tih,rc of tbe FTC is accqmd+c, mom spccifw ddai!s ore ““t

allow an .“demta”di”~ ,,r O,is cquipnmnt. (3)

OA

,vq. ired m cstyil,lisb lbt safely basis.

38 Fimnrc 2-3: Figure need. 10 b. .pilaled to dcscrib< \vh:,t h:!ppt,,s !,, lb, u“stt,ck find dcmc.!s. Y Approp!’ia!e F@lres N’itl be ind.ded in the .pdatcd K B:,sinsSAk.

*“d m address i“co”,plete inrornwtion. (3)

CA

39 Figure 2-6: Them is not s. fticimt i. fwma!i.n in the figuw or discussed in .%ti”n 2,5,1 to Y An appr.priaw kvel of ddail for safely a“nlysis has bcm pmvidcd m allow

u“demw “d :

OA

OSWSS”W”(or tht safe{y .“al.ys is.

● how the Te!cscopinq!hoo~ section works,

● What !he hook>, capacity k,
● Whatthe spreader hor is for, nnd

● Ho,, ,11 of this !Vr3&(3)

A-6400-090. 1 (03/92) \VEFOl I Page -)



DOE RCRS FOR FRS SAD

8/28/98 STATUS

●

2. 13. Comment(s)/Bscrepancy (s) (Provide !echnical justification for tht comment and detailed 14.

em reconmmndati.n ofthe aclion required to mrr.c!l resolve the discr~pa.cylpmblem indicated.) Hold 15. Oispmiticm (Provide ju,titication if NOT accepted.) 16.

Point
status

40 Ftz.r. 2-12: Cm the debris bins b. loaded \\,ilh ft,e! and go .xitk:d? CSER bad . . limits on Y Tlw mbicdixy aspectsof the debris baskc!s ar< addressed in 6A.3,7 Debris

the dchris bins, (1s !omJinZ the !,i. w fuel bhs a sing!. contin~ency?)
c

Ilmtdling I,imits,ps follo,v~

The plan view semm 1. show gaps between the pail and the IWO debris canisters wbem! debris - No limits, -lIns,% Debris is defined as nonreactor-migin material, e.g., a

(Or Picc.s .f (u*I el.mcnts) could fall m past lb, bins t. lb. basin floor. (1) wrmeh in a canister. Debris is separated from !he i.d and reactor-migi”
n,slcrial ..’! placed in !hc debris hin u“!i] i! is dkposcd of, TIN d.hris bin

should “.1 co”lain any fuel, Tim process mb!e design includes a heigb!

diffwenm bwwec. the dsbrisbi”andtheLabltisurfacetoprevenlfuelpieces

fromi.advem,ntly spi!lin~ into the debris him llw table analysis dmnon$lmted

that, eve” if the debris bin were full of op[imized scrap, it would “.1 cause a

crilicalhy problem. Drops ofthedebrisbinwc boundedhyca”islcrdrops.As-

lc)\\,-as-xaso”ablyactievableco”trolswillbe!“placem prolectworkers

41

handlingdebris.

Ftxurc 2- !4 Print is inadcquat., Provide hclt.s l,rint or additional prim with clear d.!ails, Y The .pgradtd K Basin SAR will provide appropriate figures, it is inappropriate

Enzi”ewi”g print w Pam listin~ is “ceded al a minim.”,, (3)
CA

1. pmvid* mgi”wci”~ prints with detailed pads lists in th. SAR.

4? Fi!J”rc 2-16: Print is inadequate<, Provid,j better pri.1 tvi!h c!e.v d.lail$. En~i”ccri,,g prim N Y Tbc .p~mdcd K Basin SAR \vill providti appmpcicde figures. it is imppropriatc

IMIW fis!i.x is .~~d.d M a minimum. (3)’

CA
to pro.i,k .ngioteuing pt’i”ts \vi!h detailed patls Iisls i“ the SAR.

:.

Chapter 3, “Hazard and Accident Analyses”:

Cc),t’1’alCo,!),,wfs:
43 HOW Olc hwmds roll inl. the accide”!s is u“clcm. i,, Nol clew that the hrm,d$ a,. hotmd.d Y A. part “f the dcveb,pmc”l of Ibt “pgradcd FSAR. . hazumlsIhasdi”e will be

Ihy 11)<a.tide.!s. Pan “f lIw pud,l c”,i. 11x,!the hozards, risks (frcq x com+tque”c.) .VCW “ot
CA’

P,*Pa,~d t. .o..u dl K B~minactivities and upda!c the cxis!ing hwmrds
tidl~”l.~.d. Also, did ,,.1 provide frcq for (!IC ‘whal i~ HA, so risks cannot [,c mllc(,p,l,cd for i,,lhrrm,lion.
lhose haard., anyway.) Pmvidc clear mnnwion (binning) [WWC.. [b. h:wards and II,.

accidc”ts. tvf.sl she\\, that all hxmrds .!hw Lb.” standard i“d. shi.l Ihwacds .IV picked upby

the a..id.mM. (3)

44 Could “.1 we which htmrds wwc dimi”:,ted (mm accidc”l ccmsidcmtion due to Iheir,g :,ccqwd Y AS p.fi .r the de\,eh>p,>, entof the up~mded FSAR, a hamr’ls I,a%cli.c \vi!l b.
i.duslrkd type ha.umk o“d covtr.d i“ se.eml worker sa(cty. (3)

CA

p~P,~d 10 C.VC, ,1! K Basin activities and update the existing hazards
i,, fomnmio”.

4s Environmental facton “.1 considered km i“qmcl o“ operalcmso, eq”iprmnl opemlio”. (Heat. Y FRS sakly elms comp...m$ am passive and p:,imcd stn!clural sled,
humidity, etc). Provide ms.ss”wnt, (3)

OA
Envim.nm.tal factors for the safety elms cquipm.nt am ncgli~ible.

Ewimmmmd fwtws Ihal impact opmatiom and equipmenl WC= considcrd.

C...,c. r-”,,,,,,.,,,..
I
“,...,,...“,,,,,,.,,,.. I I I
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DOE RCRS FOR FRS SAD

8/28/98 STATUS

12. 13, Commcnt(s){tisc rcpa.cy (s) (P&ide technical j.stiiicati,m for the comment nnd detailed !4.

owl rcco.mwndalion of the action reqai red m correcll resolve Ihc discwpm,cylproblem indicated, ) Hold 15. Disposition (Provide jus!ilicmio. if NOT .C.CPWJ.) 16.

Poim
stat,!,

46 P. 3-2, 2nd pma~rapb, The SAD states that .nmiti~oted Onsite and offsile dose consequ.nccs Y The safety class or safety significant classification was determin~d based on
for radiological mntcrinl and toxic cbunicals were crdculatm!, as npplicalde. The co.scq.enccs

CA
HNF-PRo.704 criwria. Il. Wccptahtlily of the accident analysis wm then

were compaxd with Table 3-! m eval.aw the risk t.v.! and establish the .e&d [or mfety SSCS based . . comparison to Table 3-I. Sec!ion 4.3 has tbe coned statements. ‘fTN
and TSR,. up8raded K Basin SAR will corrccl the ICXI.
Since T.hle 3-1 ~how lb. REGs, ..1 the Ihmbold Rx safely class of 500 mR for d] event

proho~fiw cI,ss=. t~s $Wmcnt giw$ the impression that the requir.mcnts of 6430, IA (which
by =f~r~nc, tO the 5400 S*~U establishes the threshold for safety class determination N 500
m,, indcpendcm.[ evmt probability) ars not being met. 1. fat! HNF-PRO-704 correctly

applies this requimmnl in step 2.4.2 .A.4, and this piwctdurc was correctly followed, bawd o“
3.4,2.1.5, which coritctiy identilicd the MCO basket sli~ack gmpple a“d the empty bmkct

Erapple m wq.irtd 10 he sakty class. Table 4A-1 should he revised to be consist.”! \vilh

Tal>le 3-1.

47 ~ Swtio” 3,3. I. 1:1 S se”tc”ce is wrong. Hamrds arc !Kt”gmctqmhk of causing harm Y AgIvc. ths upgraded K B:,si” SAR will correct.
10 people, !he facilily. or tht cnviro”menl. Hw.ards cause the hfirm, o“d NOT accidc”!s.

CA

Awidc”ls art mily !riggws “r~l~:,si.g” lh. i,amrd fiwn IIN SSC’$ wmkti.ing! thcnt. Rcvisd, (3)

4X ~ lop .~ p,:.: The for., used for II><ht,~rds analysis i. ,uc,!pm,vided in Appendix Y TI,c ,(:,1<”,,”! ,1,,>,,1<!s,> !!,, ‘co”qde,c<l f,,,.,, -.
3A OSslated, (3)

CA

49 ~ Tahlcs 3-5 and 3.6: T:d,l.s d<,m,t.ppc;!rCC,.IPICWa$,wneihcmsinTd>l,. 3A.? Y Tl,s !. I,Ics :,r< LC,mpktc. Several ihcn,s (mm Hazops \vcvc c<,rnbincdin the
\vcrt .,,1 picked !qI. Vwiry !hal III c.lrics fr”” the h.wards analysis !ahlcs arc picked up htrc.

c
,,, mm,,,) ,.61,.

e.g. items 21.22 .23.o”d 24 fro”, Table 3A-2 should lx i“ Told. 3.5, a“d iw”,s 2.3.:, ”d 6 from

Tu!>IG 3A-2 sbwld 6. i,, Td,lc 3-6, (1)

50 Tahk 3-5 slatM Ihot 11,<mb!c c“.sius of 2 she.,.. Either ,6. .mem,.n, i.;. ,.,,,,,., . . . . .k..s ,, . . . . ... . -.. ., .,,,.“,,.-. . -=,...
of S2 and S3 ite”, s is missinx.

La

:>
;LJ
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DOE RCR3 FOR FRS SAD

8/28/9S STATUS

&

12, 13. Comment(s) /Escmpancy (s) (Provide wchniwd justification for thti comment and delailcd 14.

II*., rcccmwncndatio. of the action mp,imd to comectl !-s.1.. the discrcpancylprob!am indtcatcd,) Hold [5. Disposition (Provide j.slifwation if NOT accepted.) 16,

Point
status

. Section 3.3,2 .3.2 indicates that safety si~niiicanl cquiprncnt prevents unton!r<dled drops of Ih* Y The !elb.r SYSIC.I \vas desis.ed and proc.rcd in mcordanc+ wilb III, cxisli.s
51 mmipulalor s.ppmt sysknt, Tahlc’ 3.7 indh!es thot Ihe manip.lalor r:!il wppmi slm.lum

0/
crhcrk d lhc lime., Tbt !clher system is wppcmed by a similar safc!y signilimn!

Ic!hw sywcm is clmsiikd m m(cty signific”.!, along with a footnote which stale%that lb. Oxhcr

SER

slmc!urt (building superslmclurc). Ma@ lb, klbw system safe(y class will

system was classified, designtd. and procured m mf.ly significant based on the safety “o! sisnifco.tly reduce the ovw.11 risks since the \vmk link is likely the

cla$$ification fiat existed al the titm. md that under the c.rmnl crit.ria, this \vo.ld he 8 safely- s.pcrswucture, Tlw design includes significant margins and is judged m be

elms device. acceptahlt as is.

The rnaniptdator te!ber s.ppoti .ysl.m is intended to prevent !he n,anipul alou trolley s.pporl h40rc specifically, the design and design reviews, procurement, i“s!allotion and

frame from fal!i”g a“d damaging safety t.daled cq.ipme”t, a safety dated Iable (for cri!icalily inqxcli.n \vo.ld be \\m.ld be “o different for these items if they were

wv~ntion) and fi~ basin OW. Tbc sAD ack.o~.kdges that under the cut rem requirements, designated as mfcty class, with !hc .Xcepti.” of some commmrcid grade

this equipment is rcq.iwd O, he xafcty class. However, the hmi” floor is ..[ only a safety dcdic,uion activities (lhly a Icst of a sample .m<nd,ly),

clew con,po”e”!, il is Ihc primory coor!”tn,c”t barrier, This co” fincment barrier must mm,;”

fully. f.”cliona! followin~ a“y crc<liblc DBA as required hy DOE Ordtr 6430,1 A. 1300-1,42, FDNW npplied procedures typically used for safety class c.nslmctio” for tie

‘fiw tethers should be dnssificd as mftty CIWS, h is recognized !hal ON mhcr sys!e”, wlicx proct,re”wnl, “,”l*vial ccfliiicati.ns , wddtng / i“spcc[io”s, records, CIC. for lhe

upon [he K Basin b.ildi”g struc!urc for st!ppmi. (2) sofcty sis”if wanttethw w!ppon system, All slntclural steel was procmtd as

S:,(CIY<1:,>s. All wcldi!y ,.. s pcrfomwd as s,(*!Y .1.ss, Al! inspcctio”s

pcr~mne<! :1sS:,r.t? .12ss

The cddc wts precut cd :ts com;cwid grade i!tn,. and pull tcswd to 1252 .(

lhmdcq,, iw!lc,,l 1,, dmp Ihmdfi.e.. ? x weigbl of wppo,l sm,ctum md live Ik,a,h
su.’h :,s !hc “u, nipul, (o,s;,ml PCLI drive sys!cn,). ECN 10 oriSi,ud analysis

wbicl, dcf, ncd ON lk,adsis hci”g i,wcsligaled 10 validale pull lest of cddc, SO”M

rtwmk may Ix rtquircd i~ lpllll IW must I,* tvpemd.

52 Paz. 3-14: Swtio” 3.3,2 .3.S: Is! p:,ragraph: !Vhicb hamcds \wrc cli.,inmecl lb.eousc or Y As PM of !hc dcvelop”wot of the upzmdcd FS,41, a k,mrds bt!sclim wil! be
dcsig,, a,r process changes .r bwwse :!nt>thercxis!i”~ sakty analysis t>oum!cd !1). h:wtrd?

CA

1>,.P~,l.d tO ~ovc~ :Il! K ~,si. acti.i!ics and updale OICexis!ing homrds
These need to b. Iis[,d. (3) inIhrm:!tio”.

53 Pox. 3-14 Smtio” 3,3.2 ,3,..$. Revisit !1,. lis(i”~ or hr,.?rds b,ought fen,.ar,l (. .cci<ieztl Y As pm! or Ihc dev+n,,cnt O( lhc upgraded FSAR, a hazards bnsdi.e will be
a“ul.ysis “fiec revising TabIts 3-5 and 3.6 m “ceded (.%x c“rnnw.1 # 49), Pcrfon!, any

CA

nddi!io”al accident sdectio” and analysis ntcess~?y. Docummt rewlls. (1)
P=Pa~d t. COV~r011K B~Gn .cti\zi!i~s and updille Ihc existing Ibanrds
i“fonmli”n.

* Pare 3-15: 4th pmngraph: Provide the mti”rml dcscribi”~ why fuel clc”,cn!s \ve,x “of used Y Scrap Imskcts hfivc n bigb.r potm,tid !“ ignite, i,, has !ht lar~cst suvface 1“
54 il>~!~hd<jr fil~l S~mP fi,r lhc ~n:,lys~s’~ Q)

c

Volunlc mti,,, l<>\vcrI,c:,l c,,,,vcc[i,,n, and Incgtr “vet! fiw release Cillculn(io.s

lb,,” fir<! basket,.

* Pac.. 3- [9: Section 3.4.2,1,5. The <discussionpr<,vi<le<lin !hix section is c,,,,li!sin~ .,,<1 \\,<Nnki
55

Y Tl,c sakly .I:, wilicali<,n is to prevent v.n,,,vd or. lidl l,:!skct or s..mp rro., !1,.
“ot lead m “ dmsiiica!io” of s:dity .1.ss for emply hnsket and sliflback grqqdm, Tbt basis

c
waler wh,ch would r.s!d! i. .xcccd ins 0,5 mm off sit.. T“hecn>ply basket

r“r th. litni! “f ,5 w“, (5 “IS.) $,svcfcm”ced in Tnblc 4A-1 is also .“1 cl.mv. Provide gmpplcdesign prcvm!s the possibility of rcm”le ( i.e., in-pool) cn~agemenl of a
.Ittrif,mtio” ,,”d basis for !hc ,S w., Iimil i“ Tahk 4A-1 Tnhl. 3-1 is 11,. b:,sis f,,r s:,rely trfCO I>askc,, and p&vc”(s placen, o?tof fud into .#, empty hlCO basket while
.Iassificnlio” on the SNF Project pcr DOE Ieltcr 97-SFD-IT2. (2) c.g”ged. ‘rho MCO bmlwl Siff back grapple is req. ircd 10 pieven! Iint”g the

MCO basket out or Ow vmtec, nnd limit the Iill I,aight above the bmi” floor.

This is addressed i“ swtio. 4. The c!msilication ccitcria is co”sistc.t ,Vith HNF.

PRO-704 n“d DOE Order6430, I A (1989).

A-6400-090, I (03/92) WEFOI 1 Page I o
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DOE RCRS FOR FKS SAD

8/28/98 STATUS

12. 13. Comment(s)lfisc repancy (s) (Provide technical justification for th~ comment and detailed !4.

(em recommendadon of the action required to comectl resolve the &screpa.cy/probltm in$cated.) Hold IS. Disposition (3ko.ide justification if NOT accep!ed.) 16.

Point
status

66 Table 3A-2. Rem 28: Did not see the SSF in WHC-S-0461, (3) Y WHC-S-0461 defines the requiremc.!s for design of the FRS system, WHC-S- CA

0461 requires that hamp he performed. Table 3A-2 reflects the results of the

hazops. Subsequent m the hnmps. design mmlysis dmmnstrated [bat these SSF

w,ere not necessmy. See pages 3C.9 lhm 12. As par! of the devdoprncnt of the

upgrad.d FSAR, a hazards baseline will be pwp.wd 10 CO. *C.11 K Basin
aclivi!ies and update the exisli”g hamrds information,

67 Table 3A-2. Rem 29: CXd ..1 see the F-SF in WHC-S-0461. (3) Y These I&tunx am defined in lb. m.mip.later pmc.rement spwific,rdio”

$P~cificaliOn.

c

68 Tnble 3A-2. It&m 42 R should be slated Omt ~hedec.ppi”g vent is route<{!. a.o!her building Y T<>b, ~ddrtssed as pml .( the developme”! of !hc hazords baseline will be

exhaust vent (m indicated in Sm!io” 2,S, 1.2). Also, could find . . furlhw memicm CMspwial

CA

Kc sampling in Chaptm 7 or 11. (3)
vrwred 10 c.v.r al! K B~si. acti.ilics and ,!pdate the existing hazards
information.

69 Table 3A-2. Rem 53: ~11 ESF ‘is”lation- device is ref.r,yd k, htre? what intcdwks arc Y To b, addressed m pmt of lb. dev+”w”r of the hazards baseli”s will be
there? (3)

CA

p,-p.=d 10 c..er all K Bosin activities and updnte lh* existing hxards
i“fornmlio”,

Table 3A-3: c,,”,,,,,.,M,,,, ,tf~,, toM,I, ,“,,;,, ,,,,, ti,~t,,,,,, seqttc,,,i:tlly

“un,btmd,

. T;d>lc 3A-3. !!<”, 15: E,,gi,mctvd W(CI? (tmures should i.ch,dc GFl lpwtecfic,!, liw cx!t;t Y

70 lighli”g in !he basin bwauw lhc Ibosi”u,tdct.w!tr Iigb!s m% I ?0 volt. (1)
GP1~ !~ifl f>$ in.~,w~!~d w ~.q$,i,.d II? c$,dc. As IP.m Id’ IIN developnw,tt <,f (1,. CA
upgmdcd FSAR, a h:u>rds Ihaseli”ewill b. ,pmpwcd 1. cover all K Basin

.w!ivil its ond update Ihc tyisling bazacds i“fonnalio..

Table 3A-4: co,nn,ms,,,,,,, ,.rc, ,,, M,, ~n,.its,1~,,,,n,c,,,c,,,,q,,m;,,,,!
m,”,hcrcd.

71 Tnhlc 3A-4. 1!.., I : ‘II,, R,, NarLS- spwi(,cs (ha! :!” nclion plan is “cwlc,l r,,, !his sccm,rio. Y No a.doo pk!n is n.cdcd. Thi, \vill b< corrc.tc<{ .s pari <,( !hc dc.tl,,pnwnt O(

Explain 1!,< mm”ing a“d XI:!NISof (his action ,plnn. (3)
CA

the t,pgtnded FSAR. A !,azards Imseli”e !vill lx pvqmrwl k, cover <,11K Basin

mtivili. s and upt.wlhe wis!ing h.u,ds i“fom,alien.

7? Tal,ls 3A-4, Rem 4: Need f“, co”lt.1 on scmpImdi”g “S.?dsK,!,.mc”!ionulin.Imptcr6 Y Tim CSER ,dd,css,s this ,..,,,,, and “o .,,.1,.1s .,. n,c,ssary. As part of the

specifically. Not sux whnl Ihc rcmmk is saying. (3)
CA

devdopnm”t of the upgraded FSAR, a hazards bmelitw will be pr,pared to cover

all K Basin activities a“d update lhe exi$iog h“zards infomvdi.n.

73 Table 3A-4. l!cm 5: HNF-2229 slutts !hcw is n. issue, so why “o, si”lply so sta{c he,.! (3) Y \V,ll b, CO,,VCI,<I ,, pmi of the dWW!Op”,,,,! of !ht upgraded FSAR, n hamds CA
haseli”c ,vill he prcp:trcd k, cover all K Basin aclivilics and update [hc existing

Ihwards inhmxvio”.

74 Table 3A-4. IIc”I 23: Rcktt.w m il.”, 19 vs 18 should be used u“dcr “Atcid<o t”, (3) Y \V,lI bc co,,,, !,,{ ,S pa,, O( th, d,v,l”p”w”l of II,, upgm,dtd FSAR, , han, d, CA
Ih:m$li”ewill (m prqx,rcd k, cover all K Bnsin ac!ivilic. ;,”c{ update tbe existing

bwmds infoc”vd i.”?

75 Tdde 3A-4. ltcm 26: Verify lhat wfcty asscssnm”i mmfirn>cd dwappi,,g sta(ion is wilhi” Y This is covcrcd l,y HNF-2229, This will be correclcd m po,l of 11,. development CA
envelop t>f .quip”mn! drops cvalmlcd for co”s!mcli. ” a“d opcmli”ns w rcflccwd i,, IIN “f the upgmdcd FSAR, n bomcds bmdi”e will 1,. prepmd 10 cover all K Bmi.
,WnaA,, (3) aclivitiw a“d updala (h. exisli”g hmards infomvui.”.

A-6400.090. 1 (03/92) WEFOI 1 Page 12



DOE RCRS FOR I-KS SAD

S/28/98 STATUS

t

12. 13. Commtnt(s)/~scXpa.cy(s) (Provide technical j.slilication for Xhecomment and de!ailed 14,

tall mmxnmmdadon of tie action required to comecd resolve the discrcpancylprob!em i.d,cat~ d.) Hold 15. Disposition (Provide justification if NOT acc.ptcd.) 16.

Poim
slat,,,

76 Table 3A.4. Item 28: Do”.t we the connection m Queslio” 19. ~ should pmbahly be 20, (3) Y Yes. h sbo.ld be item 20. This will ht .mmected m pan of the devclopnwnt O( CA

the upgraded FSAR. A bamrds basdin* \vill be pcepartd to c.vcr all K Basin

activities and .pdak Ihc exisling hazards information.

Table 3A-5: c.~”,.n;, b,hv WfW t. table ,.tti& tha! ba.e be.. sequentially

numbered.

77 - Could find no mention of combustion-sak t%” spw in \VHC-S-0461. Veriry if this is II* facility nmdifwation specification for this equipm.”t requires a spark prcef

mvemd i“ Sanspe.. (3)

c

Y f,” mom,.

Chapter 4, “Safety Structures, Systems, and

Components”:

78 ~ Swdon4,3:The,cbcri~fi,rsnktY.18ssofSSCS;S.<,1incowli~,,cc,.ilh DrlE Y The .$ri!cci:, fm’ safety cl,~ssilicatic>nand wrety sig”ifica”t class,fica!io. is dcfi”ed

order 6430. I A as it is limited 1. radiological cxpostut md witic.li!y 1,.( dots .<,! i,,ch,dc O!IICV
0A

by lbs governing proce’!t,w (HNF. PRO.704) wbicb has bw. consid~red to I,, i“

Ihafitl’dotls “N[<ri:,l CX!>oww or ;Idvcrsc aff.c!h (o the cnvi, t,nn,cnt. Rcvi.c t!,. <Im,ific:!tit>n ,,r u,mplinncc with DOE ,cq,, ircmcn!s I,m,xl on appro.; dof SAR.. Co. ccr”s

SSC> 10 he comi.tc!tl will> DOE order 64.30. I A ;Ind DOE-STL3..WO9.Y4. (3) ,cg,tr,li,,g Ihc c,m,pli,,”,c or II NF-PR().70.I 10 DOE ,cq,,i, c,,,c,,, s ,,.,(! ,<>1,.
.d6rci..d !0 !hc Wsp,,.siblt i~lividuds i. FDH.

Th. tc :,v. m, lhwt,,d<,u. ,,., t.vi:,l. ;,..<> ciuc<lwi!h (1,. FRS cqu,p,ucm <,, <,ptrati<,n

11,;,!,u,t,ld require any .;,li!y class or ,Ort[y significant .quipn mm.

79 ~ Section 4.3. I, I: A “tore c<,mpk!c s!a!e.wn! of sorely fuoctio.s .bould l,. rn,:,dclhy Y The t,py+ci K Ba>i” SAR ,,ill imlt!dc mcx>mmendedaddi[ic>n

~dding IIW ~~ords “IO PrCV<,Mefili~@ ~1 II,. ..d .f’ II,, fi,M ~~.1.n,~. (2)

CA

* ~ T:,blc 4-!: All lbncti,,”al rcqttiwn, e”!sspw’ilicc! by DOE order 6430. ! A. Section Y TII. safely fimcdons and !,crkwna”ct functions lislcd arc .0 those applicahk cm
so 1300-3. sh.11 be Iistcd or rercmnctid i“ this ld>le a“dlor in a“olher sccli(>r,of this ,Ic,u,t!m,,t !O

()/

the Wfcty cla,s c<,nq>”nml.. A specific r.viw <?rftmcti<>”a!r.<l. ite”wn!s i“
..lcorly id..lil’y eon, plianwwill, 11,ese !.qt, irt,,,. ms. Complia,,cc “,,,s, h, .<mlim,,d t<>00E

SER
Scctic>” 1300-3 M 6430. I A ,WW provided by W; tt!ail during 11)2htcr pat? t>f

prior 1. equipment inslnlkltio”. (3) July.(copy mla.lmd)

$1”,,1,,,,1 C,mqx)”w,,s,

81 ,Th< Sa@ Class Eq”ipnlc”l Lisl given i. T.ble 4-1 Iisl$ n,echanical co”qxmcnls ,,”ly, As Y No TSRS ov inservicc i“specd,ms are “cc.ss.ry hecm,se of tbc bc”ign

such, . . TSRS have been proposed for th.s. compo.e”ts. At a “,ini”mm, periodicinqmcdons
c

wwiromne.!forcarbon SICCIn“d low SIwss from op. mli”g loads i“ the safety

I“orcracks/ .Ihtr indicrdion of rx,!t”tial n,wl,aniwd faibm / loss of safety A,”cli<,” c;,pd,ility cl:,,, SIll,cwc,.

should be considered a“d srwcifwd,

* !ktiou 4.0: Genemt Cotmuent: Has the smw DBE (design basis embq,,:,k.) bti,” used ror Y Tbc FRS in-basin sardy class equipment was a“.lymd K Basi,, seis”,ic evc”t
82 :811*qtlipmenl acceptance .Vnh,ati<,ns for holh i“-p.ol a“d ou-”f-rm.l Ihxmitu,s) [r ,,,N. ptovidc

c
(0.2g ZPA), The stisn,ic rt”alysis or !he surwr st.!cture i,, accoonl f“, lb, added

juslificatio”. (3) Ioods r,.”, ON m.hptdm,c suppoti sttvcu!,. ,VOStmty.cd mmis!cnt with lhe

exisling KBmi” FSAR Iwcls applied 1. the supcrs[n!c[urt (O. 12: ZPA). The

FRS nmnipula!..x suppo!i stmctutt tetiev sysc”, ammbme”m !verc analyzed

based c,. 0.2g ZPA, \vilb zwcele!alio” a“,plilica! ions appmpri:u. ror suppoti

sln,clum Iomli.” wi!hi,, 11]. Basin.
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DOE RCRS FOR FtiS SAD
8/28/98 STATUS

2. 13. C.mmcnt(s)lfiscrepancy(s) (Provide technical justification for the commen! and dalai led 14.

ml recon, nwndation of Oneaction roquiced to corr*cll risolvs the discr.pancyipr,, hlcmindicated, ) Hold 15. Disposilio” (Provide justification if NOT acccptcd,) 16.

Point
SIalm

. ~ Table 4-2: Provide the basis 1. justify why the nm.ip.!ntor mil s!ops A intedocks Y Admi”islrmive controls for trbicalhy prevention will ensure no Cuelca.isteti are

83 with the flexible Iransrer crane are n.! at least sarety significant. (2)

c

stored in (he f4C0 haske! rnovenmnt path, so a criticality CZUM.<1hy a failure of

the in!.dock and .m!pgmded porlim of !hc rails becomes a dotthl. contingency

even!. 1“ nd~>ti.n Weighllheight cm drops or MC(> I,mkds me witbi” K Basin

SAR Tahlc 3-10 limits. Therefocc tie ccmscqutincesof the accide”!s ass<tcimed

\vhh !3il,, m of !hc i.tcrlocks are acccptahle n“d lhcy need “.1 b. stfcly class,

84 Page 4A-3: Table 4A-1: Thk !able shall b< rwiscd m wquired to h. i“ tompliame with DOE Y The criteria for m(ety c!assificadon and sak[y siEni(icmt clmsiiicatio” is defined

Order 6430.1 A and DOESTD-3009-94. Any affected SSC classiiicatio” shall be ichmtified and

OA
by the Zoveming procedu~ (HNF-PRO-704) which has hec” considered m be i“

dow,,wnlcd, (3) con,pliw,cc wilh Df3E req. irwne”ts based .“ appr,>vnl of SARS. Conmc”s

rcgurdi”g [he co.lplio”ct of HNF-PRO-704 1. DOE require., emsneed to b.

addressed 10 !he responsible i“divid.als in FDH.

Chapter 5, “Derivation of TSR S”:

Chapter 6, “Prevention of Inadvertent Criticality”:

85 (kwfid ~mmt’nt: Thcwmmr sh<,,dd,c.cxa,,<nclb. p,>tetiti:d bcndhs or wlini,,z !bc Y The >l:!,d:, td NRC :,nd DOE criticality cvduali,,n !vquircmm,ts ;!nd guidotue

CI’i!icslil) Cv:duoli.n t!sing “WCC,%olisli< awnmptio”s !ha” !h<,scUSMI i“ HNF.SD.SNF.CSER.
c

lx,\,c Ihccn li4h>\ve<!. Sc!tral irjl.pc.dent rcvic!vs Ihycrilic:,lh? eyxtls

010. “Crilicdi!y So@ Ewh!atic,,l Rqm>r! liw lb. K Basin FtIA Relricvd Sul>proj cd-.Tbc cowludcd !bc :,,mlysi, is tIppmp&Ilcly co”ww:Ili\e

lp,>ssi!lihlyor rmhlcinx c,pcr,!don:d vcWiNionb inlp,>scd Ihycrikic.tlity limits ,,v cli,>>ino!i,,~ubc

Inwd Ihr snkly 010sscon!roh ,m s,mm cquipmcm could incmasc ,,pmui,,wd Iltxibilily, induct

cost. :Ind sho,lcn OIt (imc “ctdcd !. tctonq dish foci rctricvd operations.

. p. 6-!. N. rckx”ce is given 1. the Nuclear Criticality %kty rcquire”,en!s ri.c” i“ scctio,, Y HNF-S-0461 is nor rckrc.ced by the CSER or ChqWr 6. Ih”,vc.cr it is

X6 3.4.2 of HNF-S-0461. No rcfemnc, is
c

provided W 10 110!%each of lhosc lcq!, i,v,,,t,m. h;,s 1,,,,, rckmn<.x! I,Y O>. SAD. TIN hti>ic I’cquirenm”l of HNF.S.046 I is N, cx,”q,ly

mol. The Design Aulhori~y for FRS m’km,!vlcdgcd Ibis ‘as. Icgili,,wtc co”mwm, hut slid Ihm wilh IIW \\,HC Ctilic:d it) Ssftly hlan. al. TIN WIIC !mm,.d W:ISrc~l.ccd by ON

in fad a Omrm,gh sys!c”w cngiuct ring malysis 1,.s hccn perfomwd 10 ,ss!,,. Ihcw md othw HNF-PROS. TIN cviliculity analysis a“d design rvq~!i,y”,<”ts reflect m lht

design !vquirtmcnls lMVC htc. salisficd. Plti,sc ptx,vidc a rohccnct \vbich doc,,nttms !hat rvqui,tmtn!s <d’!h< \VHC Ccilicdhy nm”tml a“d O>, II NF-PROS. IN

analysis, sy>le!,l:,lic Nviws nlcnlio”ed by (he Design Au!hotily :!m discmsed in the CSER

a“d lh, SAD. The SAD ref.rvnces me appmpriale,
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DOE RCRS FOR I-ho SAD

8/28/98 STATUS

13. C’,mn?ent(s)lfi= =pa.cy (s) (Provide Wchnical justification for the comment and detailed

ccmmnenda[ion of the action required m corrccd resolve !be dkwepw,i yIpmbltm indhowd, )

kction 6.& GeneralComment: Than!is a need to strengthen {his section m more clearly

Iemonstmte compliance with applicable rt.quirwne”ts for prevention.( i“adverlent .titicafhy

%mplcs are:

B Provide refwcnce of specific analysis in th< CSER covering the las! 3 prwess table hits

ramp, south loading arta, and bnskd loading area).
t clarify how lhe 150 Kg scrap limit is 10 hc vuilied,

D Clarify how \\,e are zoinz 10 pcevtnl mixinxlconrusi”glviolati”g the 2 ,tparaw fimits

>elw.a. n !hc south loading area and the fable ramp.

* Describe what is keeping the 34 FE’s f,om rol!hg down tie ramp i“!o the lh,ai!”g mea.

● Clarify ‘process table MCO bmkct Ioad!ng mm” limit. Do we mm” 3 I,mk.+s in !bo bmkcl

;Ia.d on the south end of Iht tahlc, or 3 haskels period?

p:,,!,6.5, ,,),1 Or PO:,, N<,! :tll (,f 111.Ii,mit. i<lenlili.x! in Appendix 6,! :,w i,mludcd it, Sct!it,,,

6.1.4 e.g. limit 14 is ,misxing. (3)

S@io,, 6A: The tern> K limit should include n c(c.? slakmc”t ,,r !vbc,, K (cf(.) of 0.95 :,s

required hy DB-003 is applied.

Chapter 7, “Radiation Protection”

7.(IItadii!thmPm!ttttion:TIN ALARA asscss,ncnl. a!th”ugh rcfcrc,wcd in this sccti<m,

Provid., ;nfo,,)lalion ,~bi.h ~hIJuldb, ~,,n,,,~,!~dcd as app,~pria!e and included in lhc K Basin
SAR i“ Ihc Radiation Ptmlccti.” an<l)or Facility Description Chapters i“ :,ccord:umc !vilb

5480.23, General qt!cs!ions ,siscd duri,,g II,, SAD review !1.,! .bm!ld lb. .IWVCW,I i,, !1,.

ALARA mscssmczll inc!udo: IIN cl’~cctO( FRS equip.,e”t “minte”:!ncc , ‘1,.( )!,,s,,.!,,
r.xp,irwncnts, co”tain”w”t tc.Is, and rc,nom n,ain!c”a”ce facility tt.quirc,,,t”!s,

—
4,

old

oint

Y

—

Y

—

Y

Y

+

5. Disposition (Provide justification if NOT accept<d.)

, The specific analysis for all the Iimils is covered i“ Ihe CSER which is

&k r.need.

, H<MVthe 150 kg Ii”tit is verified is m! “p&ralional i“lpleme”talio” delail,

3asically, il is expected that the PCM will likely he i“spect~d and ckan.d ..[

‘bllowing each use, hu[ the strict limit is defined as 150 kg,

, Si”w only fuel assmnblks a“d piw. d ms<rnblies will be handled i“ this am.

the limils ,wre bawd .“ what wo.ld II i“ a single layer. TM limit was

>rigi”dly spccificd as a single layer, bul Operations preferred a specific “umber

,f demcnls. Tnerc fore, w long as the elunenl am n“I sit!i”g o“ !op of each
nher, lhe Iknil is me!.

,>Them is a lip wh,ch slops lhe asse”,blics from r“lling o“m the Ioad!”g area,

hul eve” if all !bc assemblies were to d into !h~ I.adi”g a,ya, !hk is well

wi!hiu a“dyud fuel Io:idi”g co”dhio”s and prcscnls “o pruhltm from a

:,ilict,li!y ptrsptc!ivc.

C,The Ii”,i( is IIm! :, 1’,!!1?Iotidcd hlC() Ih, skc!may },. i“ c:!,], !,1”the 3 Imdi”g

,,rcti ‘Icsig,, cdM, Ih,dd ;) hlcO htske,. This i,, th, dcs O.C m !1,,. ,north tml and

I\V<),,1 II,, .(,!,11, ,,,6 !)r !1,, I,dd.. m,, ,)11,,, ,,,.,,, ;!, [1,, S<),,(I, C!xl or !1,, 1,1)1,

:o!x k,! !e$t weigbl.. This will lx clarified in 11,<upg!,:,ded FSAR.

Limi! 14 wos ,>,,itltc,,!ic,,.,lly ddc!cd fh,,n dw list in Clmplcr 6, ml>i.h ,vas cut

iwd p:,sled fr<,m Appendix 6. This will IN cotmc!ecl as q,p, <,prialc i“ Ibc FSAR

(lb. lpresc”ti, (i<,,,fiu’m “My hc difl’crcnt in !!). FsAR. I,,,t :mlllimi!$ will IW

in<hde<!).

TIN NRC eqt,ivalcnty is “.1 applicable 10 FRS. The m(crcnee to FRS in DB-

003 is flcl tvmoval m,! fuel mtciwal. Which Iimil applies WIIC<Gwill I,c clear

whc” all the s.b-pco,iccw art i.eluded i“ 11><FSAR

The Fuel Rclticv,,l S?S1.”, ALARA As>,,,,,,,,,,. SNF-FRS-R PT. 1?, <1<,.si!,cludc
discussicmson cq,, ip,ncn! “,ai,w,,oncc, (Icconl:,,,,i!, ali{,n, .1, or !cfcrs 10

supp,,!liog slttdk !hm discuss lbest c.a”sidcrolio”s in scc!i<,ns 10.0 ~nd 13.0.

Scclion 7,0 $,(’!1,. Fl~S SAD dots p.,vidc :, w,n,wt,y c,(’lb. hndinxs in lhc

ALARA Aswssmem. hlc,w deltil (vould “<,1he apprupriwc in u S:,icty nmdysis

docmnent,

6.

!alus

CA

CA

CA

c
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DOE RCRS FOR , .. SAO

8/28/98 STATUS

)3, Commenl(s)/Dkcrcpmcy(s) (Provide lmh&cal ju$!ificalion for the comment and dc!ailcd
remn?mendalion of the aclion required 10 correct/ rwolve the discm!pancylpmblcm indicated.)

7,0 Krypton should ml be a sig”ilimnt pmbkm since the fission yield is low and the gmum

yield is i.$ig.ifica.l. Justifications for Ibe cani$l$r decappi”~ .mbamt system ma ..! provided
a“d m requested.

TIM Specification for D.xign of the SNF ProjMl F.d Rctricvd Subpmject, WHC-S-046 I is

twice as consewatiw as IOCFR835 with re8ard t“ neutron quality factor, Howwer, this

conscwntism does not have any signilica”t does consequences for the SNF Project dw to Ihe
low neutron doses cxpec!td m personnel. R is .OI expected to .N6.1 the system cost.

_fht requirement of 10cFR835.2 Quality Faclor (1) is “TIM qualily factors to b. .scd for

d*tevmining does equivalent i“ mm are show” belo\v: .,, N.”lro”s, > 10 kcV -- 10...-

Thc statement in WHC-S.0461, Section 3.4.3 is: “A “wlmn q.,dhyrac!w.f20 . . . sbo.bl be

used for design p“qmsc s.- Tbwefom, WHC.S-046 I is twice m m“semativti m IOCFRX35,

FN,I !his cot,sctvatis,n should “01 how any sig,!ific:,nl <((w! on the SNF Proicct,

Chapter 10. “Initial Testing. . . . and Maintenance”:

$4X().23, All. 1, 3 ,,, (1).(,0.6 SIO{CS11.,!1SAR, ,,,, !,!:

- I“clwle u critical omb,mio..~ !hc pm,p(,wd dc>ig!,. uptrmtion. .,>cI 1<s1pr{,gwn, 10 :,sw.$

co”li, mmnw with mfdy design “hjcclivcs and verify lhc projcc!io”s of the residttal risks.

- 1“ addition, insewice i“>ptctiu. a“d nmimc”a”cc C., FRS needs 1. be spwi(kt.

Chiqmv !0 in II)* m,rrmt SAD fi, cttscso. the scope or imtalb!ti c>”!cwing. and Iis!> CX:,I”P!CS

of system ft!”cti””al {wti”g, hut “M lcsting of !hc s.,fcly CIOSS/ stifc~ysignilicmt mkty

Ii,”cli.ns. Tbc final “wx!ifmdo” t<, lhc K Bosi”s SAR inc<,~ordi”s this sa~e!y o“alysi.

i“fornmt ion must addxss this testing.

—
4.

{old
‘oinl

Y

N

Y

—

+

5. Diqwsiti.” (Pra>vickjuslilicmion if NoT accepted.)

tcc.m”latio” or ca”isler zasm, including hydrogen and krypm” was idwhied as
p“tm!ia[ ALARA concern, as such. !he exhaust system was d.xi~”ed and

nstalkd to “,inimiw gm buildup in areo below gtwing wbem decappin~ will

)Ccur.

$b’~. lh~l IOCFR835 ~p~~ifies * q..lity faCIOr of 10 for nwtro.s of unknown
“eregy and 8: N? tha! project costs not i“c Na std,

c

c

OA
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DOE RCRS FOR . ,. SAD

8/28/98 STATUS

2. 13, Comment(s)/Dtscreponcy(s) (Provide wchnicnl jus[ificatio. for (hi cornmtnt and dtlailed 14.

1.111 reconmw.ndmio..( !he action rcquimd m COCWCIIresolv. the discreprmcylproblwn ind’waled,) Hold 15. Disposition (Provide jus(i(icaliuo if NOT occepwd,) 16.

Poinl
SINUS

94 specific additional 0W2SUWS !0 .mbance tie reliability of the hoisl. and handling +quipment s Pcogramrmtic co”tmls m be applied to K Basin fill control program are beyond

(with intent 10 Prwm drops) w!, .01 qmci fied, as requwted by DOE L!r 98.SFD.026,

0/

!be scope of this SAD. DES H-9852032A R 1 idc.Lifies (he FSAR coinmiitmcnts

.specificdly

SER

tha! will be incl.d~d in tht K Basin FSAR r.wrdi”g this am..

● co”tml on mai”t<nance s“ that cm-rectivc preventative mainwnance is completed as &q-d m

maintain the equipntn! per vendor (o”d mfely) spcc$, The FRS dtsizn considered ibt request from DOE cmmwni”Z hoists and load

● testing of the handling .xquipnunt on prescribed intervals. ha.dli”g equipment design. Tlv! DESH r.$pomc to Ibis request is documented

● formal traininx & qtmlifimlio. or op.mtions staff on !hc hmtdlinz equipment (maybe incl i“ in FDH-9761’261, Safely Classification of Crams and Handling Eq. ipnw”!. The

Ch”pter 12), FRS lb~adhandling equipment was dttcc”>ined !. bc gencml service.

specify tie m~asures requested in 98-sFD-026 i. lhe find SAR. 1. nddbicm, sig”ilim”t Rec,,”,nwnda!io” 3 is b*yo”d the scope of Ihc SAR, but $hould be i“cl.dsd i.

rwonmwndmio.s wcb as reeommmdatio” 3 i. HNF-SD-CN .009, pogc D. 14, riced m !,t the Design Bases Doc!, rnent for the Fuel Hrnndli”g System fie - Ibe

included in the final SAR. (3) ,tcom”>c,tdatio” is 10 evaluate the CITCCISof (alig.c f“, some hi~her slress~d

compon.n!s IF Iomgcr twm .s.$. of thcst devices c,,nlernpl alcd), Thts has h.. ”

rcfemcd K>[h. Dtsig” Aulhorily.

Chapter 11, “OperatiotIal Safely”:

95 The opwalio”:,l StI(cly smli<,t, ,,!’ II,< K B:,si. SAR ,>,0s! in.h, dc a d.scriplic,n of [1>.pcc,g,an, m ~
Ah :tdd, cs>.din w>P<,,>w1<,comn>cnl 90 d,is i. dctitil !1.!1 i. Imyond !hc %copc<,~ OA

;ISS,!W ...v$l.xn.l!i,. idc, t!ili..:+li’,,, ,I!,d i,xo, ~iu:,lit,,,,,( (I,C vnri,u,s (qurnli,,,wl ..,, uuui{,ucn!s L,( (he !1!. SAD <wS>\R. FRS :!clividcs will l,. govcm,cd by 11,. K Basi,! opcrmi(,,ml

FRS SAD, A mb!c Iisli!,g :,11d,c various spccin! opsraliorml c<,”,n,itmcnts in !1,. SAD is Sa(.1> ,p,,>g,,,,,,.

wwl.~.

Chapter 16, “Provisions for D&D”:

‘ g

U

A-6400-090. 1 (03/92) \VEFO1 1



DOE RCRS FOl j SAD

8/28/98 STATUS

.

2. 13. Comment($)/~scrspancy(s) (Pravid. technical justification [m lb. conmwm and de(ailed 14.

tern recommended.n of lhe action wquimd m corrwtl CM,,].< the ,Iiscrepa”cylprohlcn> indicated.)
Hold 15. Disposition (Pr<,vidc jt,s!illwlion if NOT acc.ptcd.)

16.

Point
slat”,

* 96 Gen*ml Comnmn!: Section 16 d-s ..1 fully comply with Ihe gttidanc. and expectations Y The FRS design addr.sses lhti issues of mai.!manw (see r.qm”s. to #4) and

conmined in DOE Ord.c 5480,23, Wmhrnml I for Ih. e“ntcnts of !ti,s w.!io.. li is critical

c

D&D, Specifically in !he mta of D&D, the FRS has included special features m

that Ibis compliance be demonstrated “WV, prim to equipnw.r installation. This *,o\!ld also facilitate eventual’dcc<,n,missio.in~ of in basin equipment:

include considerations for disposal of hydmtdk fluids and olhtr hazardous n,meritds. as
.q@icr,ble m lha FRS. (3) * Li,”z Ic.glh ihcms.<. Iimitcd, 10 Ihe ex!..t practical, to 8,

lengths or CO. be easily ..1 to 8$ Ieng!hs.

* Surface finishm andlmatings h... b,.. qxcif ied m

facilitate d.contmnin.ation,

. All .ndowd areas have low point drain boles t. woid bold

up of liquids,

. hl,,dtt!:, r dcbi:. 1,;,sb..,, employ.d w>k,cilinw .v.ntual
d.,>os,l.

,, Remo!e I,ondl i”: kotu,cs 1,:,.< I,ccn i,)cludcd in !IN design
!,, :,II!,IY t~s,,..c,, d,ly it, plm..

REFERENCES

97 _ Dr21)$(lpP,,,li.X<lo<,,r,?e,,tssl,.ul,l,,,,!l,e=rC~,,<<tli,,s~fCt?<t<,c,s:,,e,,tspc,RLlP Y Thcaml?sisl?.,FRS i,, t!,. upgmded K Basin SAR will be 1.,ss,1 “n approved

5480.83. Plca%ein&calc,v)le, tilh. ,lralis.pp<,tlinz <loeumtntsfi,1ed in T;d,lc FS4WXI ES-S

CA

suppmt docunmnlotion.

will be Iinali,ed, :,”d iro!,ydc!ays may ofltcl lIN co”cltlsio,,s st!”,n,:!ri,~s in 1!,<SAD.

Fc,ll.!vi.~ ca,n,!,?cn!so,, cited wfcrww.d. wnmwmv provi<{ed:

HNF-SD-SNF-C!N-O09:
98 PaIe G-8 and G-2R: Swdesthat calculation results have ..1 been incoqmmlcd info !he fi”a! Y The s!aR,s of [h. <Itsizn a“d the talculatio.al results w’ill IN addressed during the

d.si~n. Confirm that ctdcu!alio” WS.IIS h.aw bee. incorporated into [he final design, (3)

CA

FSAR update to confirm find msuks arc i,,c<u~ocawd.

HNF-2229:
—

* ~ Appendix ,P,: Cover sbcet $1.(cs Ib?t wcigbt calculations ,vqui!x as built weight Y Weigltls of c<,”]poncms <ovcrcd hy Appendix P will b, vcrifitd prior to rigging

99 verification, No evidence is i.diccied that (his has been perfoc”xd, since (his is .riliw.l 10
c

We c lb. hasin.

d,vp analysis =s.)1s, this vcrilicalion must bc per fommd prior I. equipment ins!dlation.

Provide h.w this ivill he ms.rcd m evidence that it has b<.. pwrormcd, (3)

. . ..m mm r.. .- nc.-n . . .

<h
It.)

A-6400-090. 1 (03/92) WEFOl I
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DOE RCRS FOR k.. SAD

8/28/98 STATUS

&

!2. 13. CommwI1(s)iDkcwpmc y(s) (Provide technical justificctio. for !hc comnmn! t.d detdlcd 1.4.

item recommendation of the action required 1. correctl resolve !he discrepancylproblem indicated.) Hold 15. Diqx,>itio. (Provide jt,stifica! ion if NOT acc.pl. d.) 16.

Point
SW”,

100 m Limit X: Justiry tbnt !he mass vahtts used in !h<an.lysis hound the n>.xi,.un, Y The nr.dysis suppofling Li”it 8 nddrcsswl .!! 0,, I,oundi.g comhinntio”s of ,mms

possible mass 1!,.1 could 1>0C,m!ained i“ . mnislcr s!!ch tlmt the .s. of ‘one ..tti,t,y is ,.
OA

nllmwd in canist. q hzm.d .“ !lw ,mms limits fmm 1!>. .xk!i.g FSAR. S<. Tal>le
acceptable limit for the PCM. (3) 4.3 ,,1’lhc CSER.

101 _ Table 2,6, Ge”Mal Comrmnt: N AEree. !bis will b. fixed in tbt FSAR,

l%. design konmes listed here do ..1 wad the same (vcr balim, .$ lbey should) m Tabl. 4.1 or
CA

6,3 m Section 3,4,2 .5.5 in the SAD, cg, Primary Clmn Mctchi.. stales ‘SC bottom and

wppotts” is ..1 (he mine as (from 3.4,2,5,5) ‘PCL4 I.ww hol~, The e.tire lower halfof!he

PCM ,vo.ld seem (to .,<) a much larger section of the nmcbim tba” jusl its bottom. Also, the

supports must be SC nnd {his mnylmay “.1 b. !hc sxnw as lb. lo\\wr 1,,!1(, It sb,mld b. crystal

clear to evcryo.c pmxistily u.d .xaclly what must bc SC.

m
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HNF-SD-SNF-SAD-O02 REV 2

DON’T SAY IT --- hfrite It! DATE: August 26, 1998

. ;- !

TO: Robert M. Hiegel FROM: Robert G. Morgan- ‘
Z-L~Q

42” Q/J%”
Telephone: 373-9451

cc: R.L. 8esser
G. Baston
R.G. Holt
S.H. Peck

R3-26
R3-82
S7-41
x3-75

SUBJEC~ Responses to Independent Review Panel (IRP) comments on Fuel
Retrieval Subproject (FRS) S~~ty Analysis Document (SAD), ‘
HNF-2032.

Attached, please find the responses to the comments provided by the IRP in,
their memo concerning the FRS SAD, dated July 14, 1998. If you have any “’
quest ions, please contact Steve H. Peck at 372-3641.
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INDEPENDENT REVIEW PANEL @W) COMMENTS

ON FUEL RETR.13ZVAL SUBPROJECT (TIM]

SAFETY ANALYSIS DOCUMENT (SAD). HNF-2032. Rev. O

1. This SAD does not cover the role and use of the FRS in the process ofirrstalling loaded baskets
into the Multi-Canister OverPacks (MCOS). The IRP desires an explanation of where and how
that installation process and its safety evahration will be addressed. The LRP has two specific

comments or questions that arise from the lack of coverage of that installation process in the

present FRS SAD.

R&Donse: Leading of MCO baskets and ha’ out of the COS.M4C0 is covered by the Cask
Loading System (CL~ SAD.

a) In Section 2.5.1.7, on page 2-10, the description of the ~apples for both the empty and the
loaded MCO baskets describe attachments which enter the central tube of the MCO basket

and use a center rod to press latching balk outward into grooves on the inner diameter of the

basket’s central tube. It is not clear how this equipment can be used to load the basket isfto

the MCO, since the basket’s central tube must engage the central tube of the MCO. Please
clar@ how the MCC) will be loaded and the use of FRS tools and equipment in that process.

Resoonse: 17re FR,.$MCO stz~ackgr~ple is used to initially move the A4C0 basketsfiom the

F~MCO basket queue to the MCO Loading System shuttle cart, which is Iocated in
the traz@er channel of the hadoutpit. Loading of the MCO basketsfiom the cart
into the MCO is accomplished with a MCO Iaading machine, which has a simi[ar “”
grapple attachment.

Zhe MCO central tube is attachedfo the MCO Iidand ispIaced in the MCO with the
MCO lid after the CMO baskets have been loaded so there is no interference
problem with the grqopIe.

l%e CLS SAD willprovide more details of the Ioadingprocess.

b) In Section 6.0, a requirement of maintaining Lffless than or equal to 0.98 is stated as the

basis for preventing inadvertent criticality. The IIW understands that the 0.98 vahse applies’

for FRS and K Basin operations. However, additional NRC Requirement 27 of

HNF-SD-SNF-DB-003, Rev. 3, states “Incorporate a criticality safety vahre of 0.95 for b.

(This requirement applies at the point where the spent fiel, in an MCO basket, is placed in an

MCO.)” The H@ wishes to review the document in which the crhicfll~ analysis for spent

fhel placement in MCO baskets is provided to satis@ additional NRC Requirement 27.
Further, that document should be referenced and discussed in the FRS SAD in the context of

satisfying the NRC equivalency requirement. Is that document the Criticali& Safety
Evacuation Report for the KBm”n FuelRetrievalSubpr~ect, HNF-SD-SNF-CSER-O1O,

FDNW, 1998, or the Criticality S@etyEvaluation Report for Spent NucIear Fuel Processing
and Storage Facilities, HNF-SD-SNF-CSER-005, Rev. 3, Schwinkendofi, 1997?

Resvonse Application of NRC equivalent kflis covered by the CSERfor the CLSsystem, HNF-

2151. l’he MC equivalency requirements app~ when the ~entjleI ispIacedin the
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&fCO; this is covered in the CLS SAD. Zke 0.95 K@will be proper~ aaiiressed in the
revision of the K Basin FS.4R.

2. The acceptance criteria for the completion of cleaning and inspection of the spent nuclear firel

are not provided or discussed in this SAD. The acceptance criteria for the cleanliness of SNF
placed in the &fCOS, irrchdiig the amount of aluminum hydroxide tilm on some K West elements,

provide the basis for the parameters selected for the safety case for cold vacuum drying and
irrterirn storage of the MCOS. Therefore, the IRP wishes to review the acceptance criteria and its
associated safety analyses. The IRP has two specific comments and questions tlom which this

overall comment derives.

Response; l%e Crarentfuel cleai-diness requirements are discussed in Chapter 5 of the FRS SAD.

Since there are no FM equipment or operation accidents associated withfiel
cleanliness, any fue[ cleanliness, anyfuel cleanliness requirements resultingj-om
down. stremn facilip safe~ requirements will be implemented as operationalc@troIs.
The present safety ana@is has not de$nedany critical cleardiness requirements that

worddresult in the implementation of specl~ed controk.

See respomre for 2.a and 2.bfor more details.

In Sections 2.5.2.3, on page 2-14, and 2.5.2.5, on page 2-15, no acceptance criteria for the

completion of cleaning with the Primary Clean Machine (PCM), for the need to conduct ..”

inspections at the fiel element disassembler statio~ or for the satisfactory completion of such
inspections are given. Table 5-1, on page 5-1, summarizes the fuel inspection criteria for fire]

retrieval operations and refers to two documents for requirements. Those documents are (1)

Spent NucIeor FuelPrq”ect Product Spec@cation, IUW-SD-SNF-OCD-001, Rev. 2,
Pajunen and Sederburg, PDfi 1998; and (2) Fuel RetrievaI System Process Validation PIan,

HNP-SD-SNP-PAP-003, Rev. O, She% DESM 1997. The IRP wishes to review those two
documents and any others that contain the IRS cleaning and inspection acceptance criteria.

.ResvonsC ~e acceptance criteria forfie[ cleanliness are dejinedini7AF%W?-SA?F-OCD-001,

Rev. 2 as stated in Chapter 5. The FM valiaktionplan based on the current”
requirements is dejined in HNF-SD-SAF-PAP-003, ‘Rev. O.

HNF-SD-SNF-OCD-001 is to be revised by 10/30/98.

b) Jn Section 2.5.2.3, cm page 2-13, the primary cleaning system appears to reflect the

assumption that there will not be separate cleaning to remove the ahrrnirrum hydroxide tlrn

expected on some K West fuel elements. The ordy optio~ as stated on page 2-15, is to clean

in the secondary station “using long-handled tools.” The SNF Project intentions and planning

regarding the FIN ad ahuninum hydroxide deposits should be canhved, and the

documents that contain the necessary information should be provided to the IRP. The IRP

understands that such information may be included in the latest revisionsof13NF-1523 and

-1527, which are already being sent, per the presentations on July 8. The IRP wishes to
review the revisions to J+NF-1523 and -1527 that are expected based on final testing to
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determine the amount of aluminum hydroxide on K West firel. We also wish to review the

latest revisions of FM/97-l 13 and CN-017, which detine the scrap and fiel surface area that

will be the bases for safety analyses.

Response HNF-]523 andHNF-1527, which provide the basis for aluminum hydroxide, have
been provided to the IRP. These documents are to be revised by 9/30/98. These
documents do not dejine any requirements for cleaning aluminum hyhoxidefiom the
fuel and as such no aaliitional requirements have been plcrced on the FRS equipment.

4
Closure of the aluminum hyboxide issue is expected to be captured in the revisions

toHNF-1523andHNF-1527.

3. In Section 3.o and Append~ 3A the hazard evaluation documented appears to be thorou~

and comprehensive, worthy of compliment. The IRP has the following comments.

a) In Section 3.4.2.1, on page 3-17, the scrap basket over-lift and fire is corrfirsirrg. It is s“”

presented and analyzed as a design-basis accident rather than a beyond-design-basis accident,

even though “it is physically impossible.” The safety rationale should be clarified.

Resuonse i’?ris accident isphysical~ impossible when the MCO stiiackgropple is used The
stiiack grapple is It&ed@om the top of the grappIe, so provided the grapple is of
suficient length (iznd the den”gn isn ‘t changed such that the MCO basket could be
l~tedhigher due to a hoist failure) this accident isphysically impossible. A dl~erent””
Iij7ing mechanism design could result in overll~ of the basket due to hoist failure.
27recontractor kept is as a design bm”s accident since the consequences of that event
were unacceptable and it was necess~ to have a saj2e~ class engineered design
feature topreclude the event. 27ris event will be chrijiedin the FSAR.

b) There is unfounded precision reflected in the calculated dose consequences given in Table

3-10, on page 3-23, with results given to three significant figures. This simple plume model

is applied to releases of respirable particles from a fire within the brrildmg to receptors

outside the building, even at some distance. At most one might say that this is an attempt at
showing that the bounding dose at 100 meters is roughly the same as the Chrideline Value. “

Resuonse your comment is correct, however, since the results are conservative and the
guidelines are conservative, the conelution is ti”[l appropriate, i.e., no safety C1OSSor
safety signl@cant equipment is required to mitigate this event. i%e defense in depth
telescoping strfiackprov.”des aa2quate protection.

4. On page 2-14, in the fourth paragraph what debris of “nonreactor-origin” is being separated
here, apparently in a low-level waste stream? How is the cleaning assurance called for in the last

sentence to be provided?

,Resvonse During the course of storage of thefiet items have been dropped into the open
canisters. 27ris type of maten”al and the empty canisters are the me of materiaIs that
will be handled as debris.
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7he detailed methods that will be employed to check for tramp SW in thedebrishave
not beendeve[opedyet.

5. In Section 2.5.2.6, on page2-16, it appears that the submerged weight of the loaded basket is

being measured with the installed load cell. There is not an exact figure for the volume of the
loaded material, so an exact weight is not obtained. What is the pm-pose of this weight

measurement?
*

Response There are “lworehons to weigh the fuel- to establish the amount offuel in the &fCO

basket for accauntabilityprnpxes and to assure the cntica[i~ mass limits are not.

exceeded lkact weights are not repl<e~

6. The IRP wishes to review the report, KBm”n FuelI’ition Issues, HtW-1894, DES~ 1997,

which deals with fuel ignition experience in France, as discussed in Section 34.2.3.1, on page”

3-23.

Response: In response to the issue contained in HNF-1894, another ana@is has been

peflormedto adalessfieljlashes. fiisdocmnent, HM-2786, %ssessment of the
Potential for RqoidIgnition of SubmergedNReactor Fue~” is in the review &d
approvalprocess.

.“

7. In Section 4.o, safety-class systems, structures, and components (SSCS) are identified. Since
the F?llf% important-to-safety criteria are not applied to the FRS, per item 29 of the Additional

NRC Requirements document, HNF-SD-SNF-DB-003, Rev. 3, the IRP will not comment on the

SSCS selected in the FRS SAD.
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